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Minutes of Evidence
TAKEN BEFORE THE SCIENCE AND TECHNOLOGY COMMITTEE

(SUB-COMMITTEE II)

WEDNESDAY 30 APRIL 2008

Present: Colwyn, L Perry of Southwark, B
Finlay of Llandaff, B Sutherland of Houndwood, L
Patel, L (Chairman)

Memorandum by the Research Councils UK (RCUK)

1. The MRC works closely with the National Institute for Health Research (NIHR) and the UK Health
Departments to give a high priority to the translation of underpinning research in genomics and genetics into
improved healthcare, products and services. MRC thus is a key player in the area of genomic medicine.

2. The ESRC plays a major role in funding research addressing the implications of ethical, political, legal and
social dimensions for the application of genomics in healthcare settings.

3. The BBSRC’s role is to support basic, strategic and applied research, training and knowledge transfer in
the non-medical biological sciences. One of BBSRC’s roles is to underpin developments in human healthcare
and as a consequence of this underpinning role, BBSRC is not a major stakeholder in the implementation of
genomic medicine.

4. Research Councils UK is a strategic partnership set up to champion the research supported by the seven
UK Research Councils. RCUK was established in 2002 to enable the Councils to work together more
eVectively to enhance the overall impact and eVectiveness of their research, training and innovation activities,
contributing to the delivery of the Government’s objectives for science and innovation. Further details are
available at www.rcuk.ac.uk

5. This evidence is submitted by RCUK on behalf of the three Research Councils listed below and represents
their independent views. It does not include or necessarily reflect the views of the Science and Research Group
in the Department for Innovation, Universities and Skills. It is structured around answers to the specific
questions posed in the call for evidence. In addition, the AHRC will submit a separate response to this Inquiry.

Biotechnology and Biological Sciences Research Council (BBSRC)

Economic and Social Research Council (ESRC)

Medical Research Council (MRC)

6. The RCUK OYce in Washington DC has provided detailed information about the situation in the United
States in Annex 1.

Key Points

7. The Research Councils have invested heavily in genetics and genomics research and infrastructure over
many years, including cross-Council programmes with ring-fenced funding. £110 million was allocated to
Research Councils in SR2000 for genomics and £136 million was allocated in SR2002 for post-genomic,
proteomic and systems biology research.

8. The framework for the support of innovation in genomic medicine in the UK is eVective compared with
many other European countries, although the situation in the US is much more favourable (see Annex 1).
However, given the speed of scientific development, regulatory gaps sometimes do appear and may inhibit
translation from basic research to patient benefit. There is a need for a review of the role of policy and
regulation in promoting innovation and optimising translation.

9. Genomic science is in a healthy state and is developing very fast. This is an area in which international
collaboration is extensive and eVective. UK work is internationally competitive, thanks to a high level of
investment by the Research Councils and other funders over many years. This high level of investment will
need to be maintained to ensure that the developing understanding feeds through into benefits for clinical care
and public health.
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10. There are significant and increasing opportunities for translation of genomic information into improved
therapies, via the identification of new molecular targets for treatment and the ability to target treatments more
precisely at those most likely to benefit. Improved understanding of disease mechanisms will also lead to new
diagnostic or prognostic indicators with clinical application.

11. Storage and interpretation of very large and increasing volumes of data are major issues in genomics.
There are already many large databases for common use, and the European Bioinformatics Institute in
Cambridge plays a key role in curating and annotating these, and in developing the bioinformatics
methodology to enable optimal exploitation of the data. Promoting interoperability of related databases via
common standards will be important, but the Research Councils do not think a single common public
database of genomic information is realistic.

12. The research capacity programme of the NHS Connecting for Health initiative will be very important in
ensuring that medical information can be used optimally to interpret genomic information.

13. The use of genomics and gene expression platforms at the level of the entire genome oVers unique
opportunities for biomarker research and its translation to patient benefit in terms of tailoring treatments for
optimal eYcacy and safety according to an individual’s genetic make-up.

14. Biobanks such as the UK Biobank and Generation Scotland will build on current advances in genomics
to develop the knowledge of genetic and environmental influences involved in health and disease to underpin
discovery of new ways to prevent and treat diVerent conditions.

15. Genetic information has already had a significant impact on the diagnostic classification of single gene
diseases, and increasingly will allow tailoring of treatments. As the use of genomic information becomes more
widespread in the prevention and treatment of more common complex diseases, patients will have to be
informed much more clearly of the meaning and consequences of any genotyping, and a much wider spread
of practitioners will need to be trained to oVer advice based on genomic information.

Definition

16. For the purposes of this response, we have taken genomic medicine to mean the application of scientific
understanding emerging from research carried out at the level of the genome to medicine and public health,
including increased understanding of disease aetiology as well as applications in diagnosis, treatment and
prevention of disease.

Policy Framework

Who is in charge of setting and reviewing policy in this area?

17. A large variety of bodies, of diVering status, are involved in setting and reviewing policy relevant to
diVerent aspects of genomic medicine. These include the Health Departments, statutory bodies such as the
Human Fertilisation and Embryology Authority, Government advisory bodies such as the Human Genetics
Commission and the UK National Screening Committee, Special Health Authorities and Agencies such as
the National Institute for Clinical Excellence (NICE) and the Medicines and Healthcare products Regulatory
Agency (MHRA), and non-government bodies such as the NuYeld Council on Bioethics, the Research
Councils, the Wellcome Trust and other funding bodies. Learned societies (including the Academy of Medical
Sciences) and, internationally, the Human Genome Organisation (HUGO), also play a major role. As the area
of policy-making is very wide, this variety of input is probably a strength. Review and input is usually on an
issue-specific level,1 and this is perhaps the most sensible approach, given that the issues in diVerent fields
and diVerent disease settings are liable to be very diVerent.

Who provides scientific advice on policy development? Who monitors and anticipates potential scientific developments
and their relevance to future policy? How effective are these mechanisms?

18. The Department of Health’s Policy Research Programme funds research to inform policy development.
Learned societies, Research Councils and the large funding bodies like the Wellcome Trust provide scientific
advice and play a major role in monitoring and anticipating potential scientific developments and their
relevance to future policy. The mechanisms for monitoring are usually ad hoc and are related to the peer review
system and the expert panels managed by grant-awarding bodies, although major Foresight exercises have also
played a role. The mechanisms work reasonably well, and are suYciently flexible to respond quickly to new
1 For example, the NuYeld Council on Bioethics report on Pharmacogenomics (2003).
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scientific advances. Where issues are of suYcient importance to merit changes in law (eg the current discussion
of stem cell issues or the use of human tissues), the same bodies are also active in providing scientific advice
and input to government consultations.

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

19. Genomics-related technologies have been predicted since the 1980s to be a basis for revolutionising clinical
practice but so far, despite long-term investment of public and commercial funding, they have failed to live up
to expectations. Policy support and, increasingly, public financial support have been provided for the more
eVective translation of fundamental scientific findings to therapeutic applications, and yet the timescales for
emergence of eVective novel treatments seem to be ever-lengthening.

20. In most industry sectors, the expectation is that small and medium-sized enterprises (SMEs) will be more
innovative than large multinational companies, challenging existing innovation models and succeeding with
new approaches. However, in the case of life science and genomics-related areas, the large multinational
companies have an unassailable dominance of the translational processes for genomics-related technologies
and the role of regulatory systems in reinforcing this dominance is increasingly being recognised.

21. The life science industry sector, which includes genomics-related medical developments, has evolved over
the past thirty years in a symbiotic relationship with regulators and regulatory systems: regulation to some
extent constrains the companies it applies to, but as it becomes more onerous, it increasingly acts as a barrier
to entry for new companies until only the incumbents, of ever-increasing size, are able to operate profitably.
This situation mitigates against optimal development and translation of new technologies.

22. Given the pace of fundamental scientific developments relevant to genomic medicine, regulatory gaps
appear frequently. Recent examples include pharmacogenetics and stem cell-based therapies. The technology
in both these cases clearly requires regulation to ensure its safety, quality and eYcacy—indeed regulation is
required before private investors can be assured of a viable market for the medical developments in which they
may choose to invest. The response of regulators is usually to seek precedents among existing instruments
rather than to design a regulatory system de novo. However, the choice of instrument then locks the relevant
technology into an innovation pathway that may not be optimal for its future contributions to medicine. In
light of such limitations, there is a need for fundamental review of the role of policy and regulation in guiding
and constraining innovation in genomics-related medicines. Regulatory systems to control the safety, quality
and eYcacy of products operate mainly at European level, with the European Medicines Agency (EMEA) and
the US FDA increasingly being the main locus of regulatory development and reform. Any fundamental
review of regulation as applied to genomic medicine will therefore need to be undertaken at an
international level.2

In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

23. Reviews of social, ethical and legal issues by bodies with a national remit such as the Human Genetics
Commission and the NuYeld Council on Bioethics (funded in part by the MRC) have a significant influence
on science and clinical policy decision-making. Research Councils contribute to such reviews, and have been
actively promoting research into social, ethical and legal aspects of genomics for some time, the output of
which informs national debate and policy setting. The MRC and ESRC both develop and promote ethical and
legal guidance for researchers and MRC has an internal ethics, regulation and public involvement advisory
committee. BBSRC Bioscience for Society Strategy Panel provided social and ethical guidance for researchers.
The Research Councils also ensure that large scientific studies which raise particular issues have their own
source of ethical advice; for example the UK Biobank has its own Ethics and Governance Council. NHS ethics
committees have an important role in monitoring ethical acceptability of individual studies involving NHS
patients or data relating to them.
2 Contributions provided by the ESRC Innogen Centre (http://www.genomicsnetwork.ac.uk/innogen/ based on findings that have been

published in Tait, J (2007), “Systemic Interactions in Life Science Innovation”, Technology Analysis and Strategic Management, 19/
3:257-277; Tait, J and Chataway, C (2007) The Governance of Corporations, technological change and risk: Examining industrial
perspectives on the development of genetically modified crops. Environment and Planning—C: Government and Policy, 25, 21-37;
Tait, J Chataway, J and Wield, D (2006) Governance, Policy and Industry Strategies: Agro-biotechnology and Pharmaceuticals. In
eds M Mazzucato and G Dosi, Knowledge Accumulation and Industry Evolution. Cambridge University Press, pp 378-401; Chataway,
J, Tait, J and Wield, D (2006) The governance of agro- and pharmaceutical biotechnology innovation: public policy and industrial
strategy. Technology Analysis and Strategic Management, 18(2), 1-17.
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How does the framework compare internationally?

24. The policy framework for the support of innovation in genomic medicine in the UK is eVective compared
with many other European countries, although Denmark and Sweden are claimed to be more eVective than
the UK. However, the situation in the US is very much more favourable than in Europe, including the UK,
with an order of magnitude more investment, both public and private, in translation of new technologies.
More detail on the US position is in the submission from the RCUK USA oYce at Annex 1.

Research and Scientific Development

What is the state of the science? What new developments are there? What is the rate of change?

25. The state of science appears healthy, based on large-scale investment over many years by Research
Councils and other major funders, particularly the Wellcome Trust, and the outputs of major international
collaborative initiatives such as the Human Genome Project, the HapMap project and the SNP (Single
Nucleotide Polymorphism) consortium. Following on from the completion of the Human Genome Sequence
and the subsequent SNP discovery initiatives there is a large-scale research eVort to identify genetic factors
involved in common complex diseases. The success has been variable to date but large collaborative initiatives
and funding (such as the Wellcome Trust Case Control Consortium and MRC funding for collections of DNA
samples from large patient cohorts) have led to a rapid increase in the identification of potential genetic
markers of complex disease risk from genome-wide association studies. From these, many more genuine
genetic influences on disease risk or outcome are likely to be identified in the near- to medium-term. The need
for European collaboration on disease specific cohorts has become increasingly important as there are
insuYcient patients in the UK and the speed of DNA collections will need to be accelerated. High throughput
genotyping and sequencing are the main technology platforms required to identify and screen for variations
in the genome which may give rise to disease or influence treatment outcome. Both platforms are now readily
available, although costs are still rather high. Significant developments in high throughput sequencing
technology are rapidly reducing the cost of large-scale sequencing and genotyping, and it is likely that
widespread genotyping or sequencing of individual genomes will become feasible at reasonable cost in the
medium term. This raises the issue of how best to make high throughput sequencing accessible to the scientific
community and whether this should be centralised as opposed to being distributed. In the field of cancer
research, genetic and genomic research has made significant progress and it is generally accepted that we are
on the cusp of a new era of medicine that will be driven by genomic medicine (eg the tailoring of therapy to
particular genetic lesions in tumours).

26. Large-scale eVorts to understand the function of all mammalian genes and their relevance to human
disease are underway, using a range of model systems, and the rate of research developments is very fast.
Significant advances are also being made in understanding the role of epigenetic modification and other
regulatory mechanisms in controlling gene expression and function, and genetic discoveries will increasingly
lead into a systems biology approach to understanding human biological function and disease aetiology. The
importance of genes in microbes is also now becoming recognised: about 90 per cent of the cells in the human
body are in fact resident microbes, which are essential for human functioning.. The human microbiome project
is now beginning the project of cataloguing these genes.

27. Many of the high-throughput experimental techniques in genomics became available for the first time in
the mid-1990s, but they were expensive to acquire and operate and in the UK were therefore limited to the
major pharmaceutical companies. However, the techniques were available to other well-funded laboratories
around the world and the UK academic sector needed to acquire and use these techniques to understand a
wide range of biological and biomedical problems at the genomic level. Visits made by BBSRC staV to the
United States confirmed that the UK research community was in danger of becoming less internationally
competitive without access to facilities for these techniques.

28. In 1998 the Research Councils received a generous allocation of funds from the OYce of Science and
Technology which permitted the first large scale co-ordinated investment in genomic research. BBSRC funded
a series of special initiatives starting in 1997, the main focus of which was to provide the capital funding
necessary to acquire the new technologies (largely transcriptomics) as quickly as possible for those
communities most relevant to the BBSRC mission to ensure their continued competitiveness. This was
achieved through competitive funding of consortia built around model organisms of interest to BBSRC in the
Investigating Gene Function Initiative. Funded consortia were based around model plants (Arabidopsis,
cereals) bacteria (E. coli, Streptomyces) and animals (Drosophila, farm animals). The role of the consortia was
to acquire, use and develop the new technology and to provide a source of expertise and advice to the scientific
community about these new techniques and to assist in their widespread implementation.
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29. To ensure co-ordination of investments with other research councils (who also received additional funding
to support genomics research starting in 1998–99), a cross-Council genomics co-ordinating committee was
established involving representatives from BBSRC, CCLRC, ESRC, EPSRC, MRC and PPARC together
with a representative from DTI. The role of this group was to exchange information about intended
investments and future strategies, encourage co-funding of research proposals and establish an evaluation plan
for the investments being made in genomics.

30. In addition to the direct support of the acquisition and use of genomic technology, funding was also
provided by BBSRC to support the further development of the techniques and to improve the analysis of data
through the support of bioinformatic research.

31. Further initiatives were supported by BBSRC through funding provided under spending reviews in 2000
and 2002 to support exploitation of the new technology, some of which were relevant to genomic medicine.
These include the Exploiting Genomics Initiative and the Applied Genomics LINK programme, co-sponsored
with MRC and DTI, in which BBSRC supported 13 projects sharing 50 per cent of the costs of each project in
collaboration with the private sector.3 A report on the outcome of this LINK programme has been published
recently as a cross-council case study for economic impact.4

32. Between 1997–2007 BBSRC has spent approximately £102 million on 352 grants through 12 separate
initiatives that acquire, support and exploit genomics research. In addition to the special initiatives supported
by BBSRC, an increasing number of grant proposals involving genomic level investigations was funded
through the responsive mode. BBSRC spent £141 million between 2003–07 on research in responsive mode
that acquired, supported or exploited genomics research. Both studentships and fellowships that feature
genomic approaches have been supported to ensure the next generation of researchers are well trained in
genomic techniques. Some of these are likely to enter genomic medicine. BBSRC spent £12.5 million on
studentships in the area of genomics between 2003–07. BBSRC spends close to a quarter of its annual
investment in research on projects that acquire, support or exploit genomics research.

— The ESRC used its spending review allocation of £10 million to invest in research into the
implications for society of advances in genomics technologies. This funding, together with
subsequent further investment from the Council’s baseline, has established the ESRC Genomics
Network.5 This consists of three Research Centres and a Genomics Forum.

— Cesagen—ESRC Centre for Economic and Social Aspects of Genomics, a collaboration between
CardiV University and Lancaster University. The focus of Cesagen’s work is on the social, policy,
economic, ethical and legal aspects of genomics and associated developments.

— Egenis—ESRC Centre for Genomics in Society based at the University of Exeter. Egenis researches
developments in the field of genomics (and more broadly bioscience and biotechnologies), and the
social implications of these developments from a social science, philosophical and biological stance.

— Innogen—ESRC Centre for Social and Economic Research on Innovation in Genomics, a
collaboration between the University of Edinburgh and the Open University. Innogen’s research has
a strong focus on innovation, globalisation and stakeholder engagement with regards to genomics
and the life-sciences.

— ESRC Genomics Policy and Research Forum. The Genomics Forum has the remit to identify and
exploit synergies between the Genomics Centres, and promote work between natural and social
scientists. The Forum aims to actively engage policy audiences, business, the media and the public
more widely with genomic science and technology debates.

33. By virtue of the investments made by Research Councils and other funders, genomic research has become
commonplace over the last decade and has been fully integrated into both experimental and theoretical
approaches to studying biology and applications to research involving disease aetiology, diagnosis and
development of therapeutics for the clinic.

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

34. Funding bodies take the lead in co-ordination of research in the UK, and of the large international
initiatives. The Human Genome Organisation, the US National Institutes of Health (NIH) and Genome
Canada play a significant role in co-ordination of international initiatives. European consortia funded under
3 http://www.appgen.org.uk/projects.htm
4 http://www.rcuk.ac.uk/innovation/impact/default.htm
5 http://www.genomicsnetwork.ac.uk/
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the EU Framework Programmes play an important role in co-ordination of research in Europe. Considerable
benefits have been gained from cross-Research Council initiatives on research in genomics over more than a
decade, ensuring for example the co-ordination of research in human and animal model systems, with research
into ethical, social and legal issues being linked to, and informed by, biological and biomedical advances. The
commercial sector plays a very significant role in the development of new laboratory and medical technologies,
often initially based on spin-out companies from academic research.

How effective is the policy and investment framework in supporting research in this area?

35. The framework for academic research appears to be eVective in maintaining the internationally
competitive position for UK research (see below). The Research Councils have historically worked together
to ensure complementarity of approach and economies of scale where possible and will continue to do so in
future.

How does research in the UK compare internationally? How much collaboration is there?

36. The direct outcome of the investments in genomics over the last ten or more years has been the continued
competitiveness of UK research in the biological and biomedical sciences. The performance of the UK
scientific community in these areas has been second only to the United States in international terms.6

International visibility, as demonstrated by invited speakers to international conferences, is however
decreasing compared with 10–15 years ago and the recent high levels of investment in Asian countries is
starting to feed through into increased international impact. A continued high level of investment will be
required to maintain the UK’s competitive position.

37. Several UK initiatives have the potential to give the UK an advantage in the area of genomic medicine.
The UK Biobank initiative7 is world leading, and has the potential to facilitate research into identifying gene-
environment interactions for a range of common diseases in the population at large. The investment of the
Research Councils and the Wellcome Trust in supporting large-scale genotyping and sequencing projects in
centres of excellence within the UK are all positive factors. The NHS “Connecting for Health” initiative is
important in enabling better use of clinical information held throughout the NHS for research, and ensuring
that the UK can utilise the advantages for health research that stem from a universal publicly-funded health
care system.

38. The US Food and Drug Administration has been very proactive in encouraging the submission of genetic
data from clinical trials under a voluntary scheme which takes account of the fact that much of the science is
at the exploratory stage at present. Their activities, supported by the US Government, have placed the USA
at the forefront in progressing research towards translation into medical practice. Europe and the UK are
currently following the USA lead in the area.

What are the current research priorities?

39. An important research priority for MRC is to ensure that findings from genome wide association studies
of common complex diseases showing possible genetic influences on disease risk are translated into useful
information for health care or disease prevention, for instance by improved understanding of disease aetiology
or mechanism, or the development of diagnostic or prognostic biomarkers.

40. The widespread availability of genomic and related data arising from high throughput techniques,
together with investments in bioinformatics and computational approaches has allowed the development of
computational models to explain experimental observations and predict alternative possible outcomes. This
integration of mathematical modelling and direct experiment is known as systems biology, and is currently one
of the most rapidly developing scientific areas. The UK has a significant international lead in systems biology
largely as a result of Research Council investments through the spending review settlements of 2002 and 2004.
The BBSRC strategy panels for Integrative and Systems Biology, Tools and Technologies, the Healthy
Organism, and Studentships and Fellowships are able to develop and maintain an overview of the resources,
facilities, tools, technologies, and training required to sustain the UK’s lead in systems biology. Following the
Comprehensive Spending Review 2007 settlement, BBSRC is embedding a systems approach to all areas of
its remit, and this will underpin advancements in systems approaches to medicine.
6 www.evidence.co.uk/downloads/OSIPSATargetMetrics070326.pdf
7 www.ukbiobank.ac.uk
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41. It seems that the rate of change in pure scientific development terms might be faster than associated
governance, ethical and legal frameworks, and we therefore stress the benefits of continuing to fund work on
these alongside pure biomedical research. Current research priorities for ESRC include:

— The need to explore more fully the relationship between a range of biological influences, including
genetics, and societal factors when understanding the precursors and motivations involved in
individual behaviour and make-up (ESRC strategic plan p 14).8

— Collection of biomedical and genetic data alongside large scale longitudinal social science data
collection as part of the UK Household Longitudinal Study (UKHLS in order to better understand
the interaction and influence of each over the life course.

What is the role of industry? How much cross-sector collaboration takes place?

42. The pharmaceutical industry is currently examining the potential of pharmacogenetics (ie the role of
genetic factors in a patient’s response to therapy) to impact on the field of personalised medicine. There are
already a number of cancer treatments that are only eVective in certain genetically-defined tumour subtypes,
and the pharmaceutical industry will play an important role in the development of genetic testing to improve
treatment eYcacy or avoid adverse reactions in other diseases. For this reason, they have been acquiring DNA
from individuals participating in clinical trials on a large scale. These samples will represent worldwide
populations, the UK being a fairly minor component, and there may be an opportunity to use these collections
to look for genetic factors involved in disease. There is good cross-sector and industrial collaboration, but
there is always room for improvement here, as most major pharmaceutical companies have only bought into
this idea relatively recently.

43. The diagnostics industry will play an increasingly important role in the translation of laboratory based
research into practical and cost-eVective tests for clinically relevant genetic variations. There is active
collaboration between Biopharma sector and academic scientists at the level of pre-competitive discovery
research, and between academic researchers and the biotechnology sector in relation to technology
development.3, 4

Data Use and Interpretation

Is genomic information published, annotated and presented in a useful way? Should there be a common, public database?
If so, who should fund, and have responsibility for, such an initiative?

44. Relative to conventional biological research, genomic research data are generated in large volumes and
are often complex, involving many inter-related genes and/or proteins. The European Bioinformatics Institute
(EBI), an outstation of the European Molecular Biology Laboratory, located near Cambridge, holds large-
scale databases of this nature, and has been instrumental in setting the international standards through which
such experiments are conducted and results are annotated. It provides bioinformatic research and
technological solutions to the methods of curating and making available data generated through genomic
investigations. This has ensured that results from large sections of the community involved in genomic research
are made available in a format that is consistent with other laboratories world-wide and available for anyone
to access for research purposes. This has been further encouraged through the expansion and development of
data-sharing policies by several Research Councils. Recent expansion of the EBI to provide a new building to
house larger numbers of staV involved in service provision and research has been funded by BBSRC, MRC
and the Wellcome Trust. Further plans are currently being drawn up for increased activity of biological data
provision in Europe through EBI using a collaborative funding approach from European member states.

45. Any common public database would need to be very complex to deal with the diVerent types of platform
and data (eg nucleotide sequence vs array data vs single nucleotide polymorphisms (SNPs) vs methylation vs
proteome etc). Information in genomic databases is of optimal use for research only when collected alongside
other information (genotypic, phenotypic, social, economic data etc). The more detailed this information is,
the more useful it becomes for research purposes, but the practical, ethical and legal issues increase (eg the cost
of keeping such resources, the potential for disclosure of participants’ personal data, the potential for use of
the resource beyond what was originally envisaged, and associated decisions about access to the resource).
Decisions about storage and the governance arrangements for such studies are therefore critical.

46. On the face of it, it seems entirely logical that there should be a standard depository for all information,
as it should cross-fertilise. However, capturing a wide range of information (including social and economic)
in relation/ addition to the genetics in a single database would probably be impossible, and a single database
8 www.esrcsocietytoday.ac.uk/ESRCInfoCentre/Images/Strategic Plan 2005-10 tcm6-12995.pdf
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probably cannot answer all the potential research questions. For this reason, the continuance of collection of
genetic data in a variety of databases will be important, as will the promotion of common standards and
practices to facilitate data-sharing.

Who should provide the framework for optimal evaluation of data and translational opportunities? What policy and
funding mechanisms are in place for recognising and utilising potential opportunities?

47. Currently the MRC and MRC Technology play a major role in the evaluation of data and translational
opportunities, alongside other major funding bodies (eg Cancer Research UK and the Wellcome Trust),
university technology transfer oYces and patent agencies. There is eVectively a “market economy” which
operates reasonably eYciently. The problems of a gap in funding for translational research in the UK, as
identified in the Cooksey Report,9 exist in this field as in other areas of applied medical research. The MRC
and NIHR are providing new investment and new funding mechanisms for translational research, with
additional resources provided in the recent Comprehensive Spending Review, to help bridge this gap.

Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How should
genomic data be brought together with other health information?

48. The increasing use of electronic storage for health records has the potential for significantly increasing the
utility of medical information in genomic studies, and the NHS Connecting for Health initiative is very
important in this regard. Standardisation of the way medical data and other phenotype information is
recorded remains a challenge.

49. The ESRC, Wellcome Trust, EPSRC and MRC, wish to stimulate and support the use of electronic
databases for health research. Electronic patient records and longitudinal cohort databases provide a rich data
source with the potential to answer key questions in biomedical, clinical and public health research across the
full range of infectious and non-communicable diseases, as well as other medical conditions. As a result, the
four funding bodies are commissioning a range of research projects and activities to encourage the use of
health data for research purposes.10 Research is due to begin in Autumn 2008 and will last between one and
five years. Support will be provided across three main areas:

— health research using electronic patient records and major longitudinal cohort databases;

— training programmes and workshops; and

— public engagement activities.

50. It is recognised that the utility of the biological and genetic data is enhanced by the wealth of social and
economic data. Indeed, a key aim is to allow the genotype to be studied with the phenotype—bringing together
economists, sociologists, psychologists, epidemiologists, genetic scientists, to work together in ways that
combine all their skills and expertise in the study of specific medical and psychological conditions.

51. The MRC and ESRC have been working with Wellcome Trust to assist with the collection of biomarkers
and genetic material from a number of pre-existing national birth cohort studies which contain a wealth of
medical, social and economic data. These include the 1958 Birth Cohort (National Child Development Study,
NCDS) and the 2000/2001 Birth Cohort (Millennium Cohort Study). Plans, led by the ESRC, are being
developed with MRC and Wellcome Trust to co-ordinate some existing studies with other cohorts (ALSPAC—
1990–91 Birth cohort, English Longitudinal Study of Ageing (ELSA), 1970 and 1946 cohorts), and to launch
a new cohort study in 2012. Cooperation among funders in relation to the governance of cohort data is
particularly important and an appropriate governance structure for this particular set of longitudinal studies
is currently being developed. The UK Household Longitudinal Study (UKHLS) is a major new longitudinal
study, commissioned by the ESRC, of 40,000 households from across the UK.11 It will provide high quality,
longitudinal social survey data for academic and policy research and will also support the collection of a wide
range of biomarkers and health indicators, thereby opening up prospects for advances at the interface between
social science and biomedical research.
9 “A review of health research funding” Sir David Cooksey Dec. 2006 http://www.hm-treasury.gov.uk/independent reviews/

cooksey review/cookseyreview index.cfm
10 See www.wellcome.ac.uk/Funding/Biomedical-science/Grants/Other-initiatives/WTD028245.htm
11 See http://www.iser.essex.ac.uk/ukhls/
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What are the implications of the generation and storage of genome data on personal data security and privacy, and on
its potential use or abuse in employment and insurance? How should these be addressed?

52. The generation and storage of genome data for research and medical practice will require systems to be
established to ensure personal data security and privacy, as there are clear concerns on this issue among the
general public and government. The potential use or abuse of information in both employment and insurance
are issues which should be addressed via both public consultation and by discussion with relevant professional
or trade associations. However, we should also consider the possible negative “alarmist” impact of identifying
disease associations for which there is no current therapy, especially where there is a high penetrance for a given
allele in the population that actually has a low relative risk. The ongoing Research Capability Programme
within the “NHS Connecting Patients for Health” initiative and the systems put in place by the UK Biobank
will address the above concerns to some extent.

53. In terms of data storage and access, safeguarding anonymity is a key issue and we suggest that genetic
information and phenotypic information should always be stored in physically separate locations, with the
key to data matching, and data matching capacity, held by a third and neutral party and for particular
safeguards to be set up for accessing sensitive data (eg the ESRC is commissioning a “Secure Data Service”,12

which could be of use in holding information related to health). Governance arrangements should specify how
linkage approval should be made, for what purpose, and should ensure that the anonymity of linked records
is preserved.

Translation

What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

54. The opportunities for diagnostics, therapeutics and prognostics are clear and exciting. Improved
understanding of disease mechanisms and aetiology will lead to new prognostic, diagnostic or therapeutic
biomarkers and new therapeutic targets, although many will take some time to materialise. The UK has been
at the forefront of academic research in genomics this field, and it is important that this position is maintained
and translated into patient care. Diagnostics in relation to tumour markers is already well-established and will
continue to develop, allowing more appropriate therapies to be used, especially where there is only a narrow
therapeutic window. There is considerable concentration of eVort, especially by large pharmaceutical
companies, into relatively few areas. The higher risk areas of research are still undertaken in the public/charity
sector. A further encouragement or small Biopharma “roll out” from the public sector would certainly be
welcome.

55. However, the practical returns on the identification of specific genetic risk in common complex diseases
are less clear, in view of the relatively low penetrance of most susceptibility genes, the confounding aspects of
environment and lifestyle, and the resulting diYculties in drawing useful lessons or identifying useful
interventions.13 It is possible that improved genomic understanding of the mechanisms of disease aetiology
may in time lead to novel forms of therapy, but such gains may be piecemeal and unpredictable.

56. Developments in the field of pharmacogenetics, including the identification of genes associated with
positive or adverse drug responses, are likely to follow a similar pattern to the identification of disease
susceptibility genes. In other words, a number of relatively rare single-gene responses will be identified that
may prove useful in practice. However, genetic explanation of more common variations in drug response, and
the development of eVective tests, will likewise be confounded in practice by factors including low penetrance
and other sources of personal variation. There is thus a likelihood of significant but highly localised
pharmacogenetic gains in the eYciency and eYcacy of drug use, but a revolutionary shift towards so-called
“personalised medicine” is far less likely.4

Who is responsible for translation to clinical practice?

57. Progress in this area tends to be driven by small Biopharma, although both large Biopharma and charity/
Research Councils are also playing an important role. In addition, the NHS and the Medical Royal Colleges
(eg in their role of providing continuing professional development) have a role.
12 www.esrcsocietytoday.ac.uk/ESRCInfoCentre/opportunities/current funding opportunities/ads sds.aspx
13 Contributions provided by the ESRC genomics forum: http://www.genomicsforum.ac.uk/
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Given the pace of technological advance, how “future-proof” is healthcare investment in this area? How does the UK
compare to other countries and what lessons can be learnt?

58. We have not addressed these questions, which are somewhat outside our remit.

How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation of
such tests?

59. Genetic tests related to single gene disorders and high penetrance genes such as BRCA1 are clearly
meaningful, and already play an important role in clinical practice and for aVected families and individuals.
However, the meaning of tests relating to more complex disorders still requires very careful evaluation. There
are many publicly available genetic tests. For example, genetic testing for psychiatric disorders is becoming
commercially available with venture capitalists and scientists seeking to establish niche markets by selling
“direct-to-consumer” testing. Psynomics (www.psynomics.com) has developed a test that helps diagnose
people with bipolar disorder (Couzin, 2008). Companies such as SureGene (www.suregene.net/home.aspx),
are developing tests for other psychiatric disorders while NeuroMark (www.neuromark.com) is marketing a
test for pharmacogenetic responses to anti-depressant treatment. The success of the business model in driving
these developments is likely to encourage further biotech companies to circumvent existing psychiatric
healthcare models in favour of selling direct to the customer.14

60. In the UK, recent media coverage15 has raised public awareness and expectations of these scientific
developments as well as fears and concern about the commercial availability of predictive and diagnostic
testing. Psychiatrists and other doctors have warned that the proliferation of such direct-to-consumer testing
will mislead and confuse consumers.16 Providing individuals with an estimate of the risk of developing
psychiatric disorders is far from straightforward, and may not account for the complex interaction of genetic
and environmental factors. There seem to be two critical potential diYculties: 1) the correct interpretation of
the test, which is a particular concern given the generally poor grasp of scientific method by practitioners,
counsellors and public, and 2) statistics and the validity of the test, and public perception of that validity. Both
of these problems are compounded by the limited value in delivering a test/genetic predisposition if there is no
suitable course of action for the individual to take. However, these considerations have implications for how
the utility of new genetic and genomic techniques should be evaluated. Any assessment of utility must take
account of the complex meanings that attach to genetic testing, and the ethical and social consequences that
follow from the application of such tests. This would be best achieved by adopting some of the newer
developments in health technology assessment which pay explicit attention to the context of use, and which
draw on new methods of user engagement—including both practitioners and patients/consumers—to ensure
that new technologies meet genuine needs.

61. Annex 1 provides details on the US Government legislation, in particular the Food and Drug
Administration (FDA) which has responsibility for assessing the safety and eVectiveness of genetic tests used
for diagnosis or prediction of disease.

Biomarkers and Epidemiology

In what way do genome-wide association studies contribute to the identification of biomarkers? How is the study of
genetic factors and biomarkers integrated for translational purposes?

62. Biomarkers17 are characteristics that are objectively measured and evaluated as indicators of normal
biological processes, pathogenic processes or pharmacological responses to a therapeutic intervention.18 They
play a key role in understanding the aetiology and progression of disease, as well as understanding the
mechanism of action of therapeutic agents and investigating the response of individual patients to treatment.
Biomarkers are an essential part of the drug discovery process, being used at every stage from target
identification to patient stratification.
14 Contributions provided by the ESRC Cesagen Centre: http://www.genomicsnetwork.ac.uk/cesagen/
15 Observer, 3 February 2008; The Daily Telegraph, 4 February 2008; The Express, 5 February 2008; The Times, 10 March 2008.
16 Observer, 3 March 2008; BBC News, 11 March 2008.
17 Descriptors: Biomarker: A characteristic that is objectively measured and evaluated as an indicator of normal biological processes,

pathogenic processes or pharmacological responses to a therapeutic intervention. Clinical biomarker: A biomarker that associates a
treatment to a patient subpopulation that has historically showed a diVerential and substantial clinical response. These can be based on
genotypes, proteins, metabonomic patterns, histology, imaging, physician clinical observations or even self-reported patient surveys.

18 Trusheim, Berndt and Douglas (2007). Stratified medicine: strategic and economic implications of combining drugs and clinical
biomarkers Nature Reviews Drug Discovery 6 287-293.
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63. Genome-wide association studies provide a comprehensive approach to identification of common genetic
variants (one type of “biomarker”) across a population which are either directly associated with the risk of
disease (eg cancer risk) or influence the inheritance of commonly measured quantitative traits, (another kind
of biomarker, eg plasma concentrations of cholesterol as a risk factor for cardiovascular disease). These studies
will lead to the discovery of new genetic factors and disease causing molecular pathways that will in turn lead
to the development of further biomarkers and open up new therapeutic avenues.

64. Genome-wide association scans will also help screen for biomarkers associated with the clinical response
to treatment and may lead to the identification of SNPs and diVerentially expressed genes that are related to,
and are predictive of, the responder status. The use of genomics and gene expression platforms at the level of
the entire genome therefore oVers unique opportunities for biomarker research and its translation to patient
benefit in terms of tailoring treatments for optimal eYcacy and safety according to an individual’s genetic
make-up.

What impact will genomic data have on data emerging from projects such as UK Biobank, Generation Scotland and
other biobanks?

65. UK Biobank is developing a prospective resource of 500,000 people aged 40-69 from around the UK,
involving extensive baseline information, physical measures, biological samples and medical information.
Generation Scotland (like many other studies) is complementary to UK Biobank and will help to develop the
knowledge of genes which contribute to health or ill-health. Such studies aim to help researchers better
understand the causes of disease and to find new ways to prevent and treat diVerent conditions. Understanding
the genetic basis of disease is one component of building a full picture of health processes. UK Biobank and
other biobanks provide the opportunity to investigate how genetic factors combine with lifestyle and other
factors to cause disease.

66. The population-based, prospective approach is complementary to other genomic research approaches.
UK Biobank will build on existing genomic information arising from genome-wide association studies and
other approaches, provide further opportunities for genomic investigation and discovery, and, importantly,
become increasingly valuable (and cost-eVective) to researchers to extend studies into the assessment of the
complex interplay between the eVects of diVerent factors (eg genetic and environmental) in the development
of, and recovery from, disease. The suite of samples stored will support study of a wide range of biomolecules
and will allow many types of assays (eg proteomic and metabolomic) to be undertaken in addition to genetic
analyses. Studies of the scale and complexity of UK Biobank will be unique in having the power to address
these research questions which build on the outputs of genomic research data.

Use of Genomic Information in a Healthcare Setting

What impact will genomic information have on the classification of disease? How will it affect disease aetiology and
diagnostic labels?

67. Genetic information has already had a significant impact on the diagnostic classification of a number of
single-gene disorders. However, even in single-gene diseases such as cystic fibrosis, genetic techniques have
been assimilated into existing clinical methods of diagnosis and treatment, resulting in modification rather
than straightforward replacement of established disease categories.19 The incorporation of genetic and
genomic information and techniques into clinical practice, and the reformulation in practice of disease
categories, depend as much on how that information comes to be used in the clinic as on basic scientific ideas
of aetiology.

68. At the moment there is relatively little genetic data that is clinically useful in relation to more complex
disorders. However, this is clearly going to change over the next two decades with the likely integration of
symptomatology-based classification with classification related to the molecular basis of disease, which may
also lead to diVerentiation of disease into sub-categories. For example, genetic epidemiology has already
proved influential in shaping the nosography of psychiatry and developments in molecular genetics are
beginning to provide evidence to challenge the traditional classifications. This makes it increasingly diYcult
for psychiatrists unambiguously to assign patients to distinct categories of major psychosis.
19 Kerr, A (2007), “(Re)constructing Genetic Disease: The Clinical Continuum Between Cystic Fibrosis and Male Infertility.” Social

Studies of Science 30: 847–94; Hedgecoe, A,M (2003), “Expansion and Uncertainty: Cystic Fibrosis, Classification and Genetics.”
Sociology of Health & Illness, 25, 50–70; Latimer, J et al. (2006), “Rebirthing the Clinic: The Interaction of Clinical Judgment and
Genetic Technology in the Production of Medical Science.” Science, Technology & Human Values 31.5: 599–630.
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69. The situation is far more complicated when dealing with the much larger and epidemiologically more
important class of common complex diseases. In most such cases, however, susceptibility genes confer only a
relatively small increase in the risk of developing symptomatic disease, while a wide range of environmental,
social and lifestyle factors may contribute to the development of disease in the presence or absence of any
genetic predisposition. Consequently, the impact of such information on the clinical classification and
diagnosis of disease will depend upon a wide range of variables, including the size of the genetic contribution
to risk and the availability of eVective preventive or therapeutic interventions. The context of use, and the
meaning and utility of genetic and genomic information in that context, will be a key factor in determining
how such information will be incorporated into clinical practice and health care delivery.

How useful will genomic information be as part of individualised medical advice? What provisions are there for ensuring
that the individual will be able to understand and manage genomic information, uncertainty and risk?

70. From the patient’s point of view, genomic information may be interpreted in a number of ways. In some
cases, knowledge of a genetic predisposition may relieve feelings of guilt or responsibility for an illness. In other
cases, however, identification of a genetic risk may entail an additional burden of responsibility on the patient,
not just directly for themselves, but for their families and reproductive choices. Indeed, the language in which
medical and policy discussions are couched commonly tends to suppose that patients have a duty to take
appropriate preventive or prophylactic action. But such action is not always in the patient’s best interest.20

There is also evidence that patients are less inclined to follow the advice of healthcare professionals on changes
to life style and behaviour than to seek specific medical interventions.21 Increased testing for susceptibility
genes may consequently lead to a corresponding increase in the demand for medical monitoring and
support.22 Any such increase will obviously have resource implications for the health services.

71. The language in which preventive advice is oVered may play an important role in the failure to eVect
behavioural change among those deemed to be at increased genetic risk. Patients often have a complex multi-
causal understanding of inherited risk and prevention that draws on knowledge of their own family history
and the health of relatives.23 While lay ideas of kinship commonly diVer significantly from genetic accounts
of relatedness, knowledge of family history nonetheless provides a useful medium of communication between
health care advisors and patients. In this respect, overly rigorous insistence on a strictly genetic understanding
of relatedness may inadvertently lead to a failure of communication and foreclose on a valuable channel for
oVering meaningful advice on risk and prevention.24

Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

72. It is clearly important to ensure the quality of advice based on genetic and genomic information, and
eVective training of those giving advice is essential (see below) but we do not have a view on whether this might
best be achieved via a regulatory code.

What are the implications of developments in genomic technologies for the training of medical specialists and other health
professionals? Are there any gaps that need addressing? What is the assessment and planning for future needs in
capacity?

73. Until recently, responsibility for providing genetic health care and advice has largely devolved to genetic
medicine specialists and genetic counsellors. With increased knowledge of the genetic dimensions of common
complex diseases, however, a much wider spread of practitioners are likely to find themselves called on to oVer
advice on genetic matters. There will therefore be a need not only to increase provision of specialist training,
but also to integrate appropriate training in providing genetic health care into the core medical and nursing
curriculum. The meaning and utility of this additional information in a healthcare setting is not determined
solely by the possibility of estimating the extent of the genetic risk that patients face. The training of healthcare
20 Hallowell, N (1999), “Doing the Right Thing: Genetic Risk and Responsibility.” Sociology of Health and Illness 21.5: 597–621;

Hallowell, N (2006), “Varieties of SuVering: Living with the Risk of Ovarian Cancer.” Health, Risk & Society 8: 9–26
21 Saukko, P, Richards, S., Shepherd, M. and John Campbel, J.(2006), “Are Genetic Tests Exceptional? Lessons from a Qualitative Study

on Thrombophilia.” Social Science and Medicine 63.7: 1947–59.
22 Bharadwaj, A, Lindsey, P, Atkinson, P and Clarke, A (2006),“Genetic Iceberg: Risk and Uncertainty in Cancer Genetics and

Haemochromatosis.” Innovative Health Technologies: Meaning, Context and Change. Andrew Webster. Palgrave Macmillan; Lock,
M et al. (2007), “Susceptibility Genes and the Question of Embodied Identity.” Medical Anthropology Quarterly 21.3: 256–76.

23 Lock, M, Prest, J and Lloyd, S (2006), “Genetic Susceptibility and Alzheimer’s Disease: The Penetrance and Uptake of Genetic
Knowledge.” Thinking About Dementia:Culture, Loss, and the Anthropology of Senility. Ed Annette Leibing and Laurence Cohen.
New Jersey: Rutgers UP, 123–56.

24 Hall, R et al. (2007), “Assessing Family History of Heart Disease in Primary Care Consultations: A Qualitative Study.” Family
Practice 24: 435–42.
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professionals (for example, via Continuous Professional Development courses.) should not be confined to a
scientific appreciation of disease genetics. It should also emphasise the value of family history as an eVective
means of structuring communication with patients, and should stress the importance of understanding that
history from the patient’s perspective as well as from a strictly genetic point of view. In other words, the utility
of information on genetic factors also depends upon the practitioner’s ability to relate the risk of disease to
the patient’s life and circumstances, including the social and moral complexities of family life. A recent
Academy of Medical Sciences Report25 has highlighted similar issues relating to the identification of
environmental causes of disease and this could be an excellent starting point. .

74. New exploratory research is needed in order to assess the likely consequences of these developments for
individuals and family members, for medical practitioners, genetic specialists and health professionals, and
the potential demands on healthcare services. For example, the ongoing collaboration between Cesagen,
Psychological Medicine, Medical Genetics, Social Sciences, and the Wales Gene Park at CardiV University
will provide an evidence based assessment of the likely personal and professional consequences of new
genetically-based diagnostic criteria and risk information. It will also inform the ethical debate concerning the
consequences of risk evaluation for psychiatric conditions.

75. Overall, prognostic and diagnostic testing will become increasingly important and medical practice will
move towards preventative treatment or lifestyle management.

Annex 1

RCUK USA OFFICE INPUT ON US POLICY FRAMEWORK ON GENOMIC MEDICINE

76. The US government has powers to regulate the commercial development of genetic technologies. These
include the laws governing the ability to patent gene sequences, laws regulating clinical laboratory quality, and
laws regulating the safety and eVectiveness of genetic diagnostics. In particular the Food and Drug
Administration (FDA) has responsibility for assessing the safety and eVectiveness of genetic tests used for
diagnosis or prediction of disease. In recent years, several bills have been introduced into Congress to prohibit
genetic discrimination although have yet been enacted into law. State legislatures also have broad powers to
legislate to protect the health, safety, and welfare of their citizens, and these powers have begun to be exercised
in the context of genetic technologies.

77. The US Genetics and Public Policy Centre has produced a good summary briefing on the law and genetics
in the US at: http://www.dnapolicy.org/policy.law.php

Food and Drug Administration (FDA)

78. The FDA takes a leading role in working with the academic community and business to ensure that
regulatory science and regulations are developed at a pace which responds to scientific and technological
advances, particularly in relation to pharmacogenomics and the implications this has for personalized
medicine.

79. To date the FDA has cleared a number of genotyping tests to enable doctors to determine whether patients
have genetic mutations which could influence their ability to metabolise certain drugs.

80. The FDAs 2004 white paper “Stagnation or Innovation? Challenge and Opportunity on the Critical Path
to New Medical Products” looks at the possible opportunities from genomic medicine and the challenges of
developing these medical products as part of a wider study of the lag between discovery and product
development. FDA also produced a good, plain English summary on the opportunities and challenges of
genomics and personalized medicine in 2005.

81. White paper is at: http://www.fda.gov/oc/initiatives/criticalpath/whitepaper.html

82. Consumer briefing is at: http://www.fda.gov/fdac/features/2005/605 genomics.html

83. The FDA has also produced guidance on the use of pharmacogenomics for regulatory decision making,
and participates in a number of research projects to support and promote the translation of
pharmacogenomics from basic research, drug discovery and development into clinical practice, focused on
responsible use to protect public health.
25 An Academy of Medical Sciences working group report chaired by Sir Michael Rutter, November 2007—“Identifying the

environmental causes of disease: how should we decide what to believe and when to take action?”
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National Institutes for Health (NIH)

84. The NIH funds the National Human Genome Research Institute (NHGRI), whose activities are focused
on understanding the structure and function of the human genome and its role in health and disease. NHGRI
supports the development of resources and technology that will accelerate genome research and its application
to human health. A critical part of the NHGRI mission is the study of the ethical, legal and social implications
of genome research, as well as the training of investigators and the dissemination of genome information to
the public and to health professionals.

85. On the policy side, NHGRI runs a policy and legislation database which contains federal and state laws,
statutes, policies and other material covering: privacy of genetic information/ confidentiality; informed
consent; insurance and employment discrimination; genetic testing and counseling; and commercialization
and patenting. NHGRI also provides comprehensive policy briefings on its website, addressing current
research, policy issues and legislation (including listings of significant research, policy reports and
recommendations). Recent highlights include:

— Director NHGRI’s address to the President’s Council of Science Advisors on S&T on the science and
policy of personal medicine (September 2007).

— Genomic medicine: a revolution in medical practice in the 21st century (presentation to Annual
World Health Care Congress April 2006).

— The future of genomic medicine: policy implications for research and medicine (roundtable
conference, 2006).

All documents can be accessed at: http://www.genome.gov/PolicyEthics/

National Academies

86. In 2005, NIH funded the US National Academies to undertake a study on IP issues related to genomic
and proteomic research. The report “Reaping the Benefits of Genomic and Proteomic Research: Intellectual
Property Rights, Innovation and Public Health”, reviewed US patenting practice in relation to genes and gene
function and their use to diagnose and treat disease, and the implications and restrictions this could place of
future research. It recommended that policy makers, courts and health patent oYcials should take steps to
prevent increasingly complex IP protection hindering future breakthroughs in genomics and proteomics
research for health. For example it recommended that NIH should continue to encourage researchers to freely
exchange materials and data, and place their data in free public databases. Report is at: http://
www8.nationalacademies.org/onpinews/newsitem.aspx?RecordID%11487

Non-governmental Organisations

87. One of the leading US non-governmental organisations working in this area is the Genetics and Public
Policy Centre. The Centre is supported by the Pew Charitable Trusts, with research funding from the NHGRI
and the U.S. Department of Veterans AVairs.

88. The Centre works with policy leaders, decision makers, and the public to help all parties better understand
the evolving field of human genetics and its application to healthcare. Specifically the Centre produces reports,
issues briefs and holds policy seminars on range of issues, including genomic medicine. All reports and briefs
can be accessed at the Centres website (http://www.dnapolicy.org/). Recent topics of relevance include: IP and
the human genome; pharmacogenetics; the impact of genetic discrimination; and FDA regulation of genetic
tests.

89. The Centre also undertakes surveys public attitudes about genetics issues, conducts analyses of the
existing regulatory landscape, monitors the transition of genetic applications into clinical practice, and posits
options and likely outcomes of key genetics policies.

US Research on Genomic Medicine

National Advisory Council for Human Genome Research

90. The US Government has established the National Advisory Council for Human Genome Research
(NACHGR) to advise the Department of Health and Human Services, NIH and NHGRI on genetics,
genomic research, training and programs related to the human genome initiative. NACHGR performs second-
level peer review for grant applications, and determines the program priorities for NHGRI and the goals for
the US eVorts in the International Human Genome Project. The Council is appointed by the Secretary for
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Health and Human Services. As well as the Directors of NIH, NHGRI, the Chief Medical Director of the
Department for Veterans AVairs and the Assistant Secretary of Defence for Health AVairs, the Council
includes 12 scientists from a range of disciplines (including information and social sciences) and 6 members
from the legal profession, health policy sector and economic sector (http://www.genome.gov/10000905).

National Human Genome Research Institute

91. The NIH funded National Human Genome Research Institute (NHGRI) led the participation of NIH in
the International Human Genome and now funds research on the genome’s structure, function, and role in
health and disease and supports studies on the ethical, legal and social implications of genome research.
NHGRI’s total budget in FY2008 is $487 million.

92. NHGRI funds research via extramural and intramural programmes and also coordinates related research
activities across NIH’s other institutes as well as maintaining an overview of international developments. The
intramural programme ($100 million) consists of laboratory based and clinical research to translate genome
research into a greater understanding of human genetic disease (http://www.genome.gov/10001634). Research
includes work medical genetics (focused on disorders of human development), genome technology and social
and behavioural research focused on communication of genetic risks, best practice in genetic counseling and
integrating genetics into primary care (http://www.genome.gov/10000010). The clinical programme includes
work to identify disease causing genes as well as studies aimed at examining the psychosocial, ethical and
policy implications of genetics research (http://www.genome.gov/10000331).

93. The extramural research programme ($362 million for grants and contracts) includes a number of strands
including large-scale genome sequencing activities, informatics and computational biology and legal, ethical
and social research (http://www.genome.gov/10001092).

94. NHGRI also funds postgraduate training and fellowship awards ($7 million), and provides information
on genetics diseases and genetic research to improve health for the general public (see: http://www.genome.gov/
Health/)

US-UK Research Collaboration on Genomic Medicine

95. The US (NJGRI) and the UK are partners in the International HapMap Project, which also includes
scientists and funding agencies from Canada, China, Japan and Nigeria. The project aims to identify and
catalogue genetic similarities and diVerences in human beings. Using the information in the HapMap,
researchers will be able to find genes that aVect health, disease, and individual responses to medications and
environmental factors. All of the information generated by the Project will be released into the public domain.
The UK partners in the project are:

— the Wellcome Trust Sanger Institute; and

— the University of Oxford (funded by the Wellcome Trust, NIH, and the SNP Consortium which
comprises of a number of pharmaceutical companies, the Wellcome Trust, the Sanger Institute and
a number of US universities).

96. The NHGRI extramural programme also directly funds some relevant research in the UK. Current
awards include:

UK Institution Award Value

Wellcome Trust Sanger Detecting human functional sequences with mircoarrays $272k
Institute
UCL Human genome nomenclature $464k
European Bioinformatics The UniProt protein sequence and function knowledge base $5,872k
Institute, Cambridge
European Bioinformatics The nomenclature of human genes $340k
Institute, Cambridge

22 April 2008
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Memorandum by the ESRC Centre for Social and Economic Research on Innovation in Genomics
(Innogen)

The Innogen Centre is part of the ESRC Genomics Network (EGN), a major investment by the Economic
and Social Research Council (ESRC). The Centre was set up in 2002 and has recently had its award extended
to 2012. Members of staV in the Innogen Centre who have contributed to this response include: Professor
Joyce Tait, Dr Theo Papaioannou, Dr James Mittra, Dr Gill Haddow, Dr Alessandro Rosiello. Professor
Graeme Laurie and Shawn Harmon, also members of the Innogen Centre, are contributing to the AHRC
submission to this Inquiry.

In considering the issues below as they apply to Genomic Medicine, we have adopted a wide interpretation of
the term “genomic” to cover aspects of new life sciences that incorporate or build on genomics-related
knowledge. The Innogen Centre’s research programme covers:

— Science and industry strategies in promoting fundamental scientific discoveries and exploiting them
for public and commercial benefit.

— Policy, regulation and governance of life science innovation.

— Public and stakeholder engagement with life science-related issues.

Our overall approach explores how interactions among these three constituencies determine which products
are delivered to a public or commercial market, who develops them, and which of the many potential benefits
or risks will actually materialise.

Policy Framework

Who is in charge of setting and reviewing policy in this area?

Numerous government and non-government (professional) actors are involved in setting and reviewing policy.
The most important are:

Government Actors

— Human Genetics Commission (HGC) advised by Advisory Committee on Genetic Testing (ACGT);
Advisory Group on Scientific Advances in Genetics (AGSAG); and Human Genetics Advisory
Commission (HGAC) which focuses on social and ethical issues and concerns related to genomics.

— Other important committees include: Genetics and Insurance Committee (GAIC); Gene Therapy
Advisory Committee (GTAC); and Genetics Commissioning Advisory Group (GenCAG). These
committees co-coordinate policies and advise on issues of insurance and safety.

— Human Fertilisation and Embryology Authority (HFEA) licenses new genomics-based
technologies.

— House of Commons Science and Technology Committee examines and makes recommendations to
government on relevant topics

Non-Government Actors

— Joint Medical Genetic Services Committee (JGSC) advises the UK health departments.

— NuYeld Council on Bioethics, an independent body that examines ethical issues relevant to
genomics.

— British Society of Human Genetics brings together the Association of Clinical Cytogeneticists,
Clinical Genetics Society and Clinical Molecular Genetics Society.

— Royal College of Physicians (RCPhys) reports on clinical genetics.

— Genetic Interest Group (GIG) represents patients and families and aims to raise awareness on
genomics-related matters.
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Who provides scientific advice on policy development? Who monitors and anticipates potential scientific developments
and their relevance to future policy? How effective are these mechanisms?

The development of new genomics-related solutions for patient health care engages with a variety of areas of
policy making including: science funding; support for knowledge transfer; public sector support for
translation of fundamental science to new medical developments; appropriate education at all levels of
scientists, medical professionals, technologists and health care workers, including increasingly a focus on
interdisciplinary working; policies on stakeholder and public engagement. However, the question implies a
greater degree of coherence and strategic planning than actually exists in innovation and technology policy,
with significant fragmentation of powers and initiatives at both functional and regional levels.

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

Regulation and policy are constantly required to evolve in response to rapid scientific and technological
change. Emerging regulations such as the European Advanced Therapies Regulation, and changes in the way
tissues and cells, as well as clinical trials, are being regulated, show that eVorts are being made to adapt policy
to technological change and to facilitate innovation. But the crucial changes generally need to be made at
international levels and they frequently, with hindsight, turn out not to be optimal.

A major component of the Innogen Centre research programme has focused on the interactions between
innovation and regulation in genomics-related sciences.1, 2 We have shown how regulatory decisions can have
a formative influence on the structure and dynamism of an entire industry sector. This is particularly true of
pharmaceuticals where the lengthy and demanding nature of the regulatory system has been a major
contributor to the overall shape of the sector, including the so far unchallenged supremacy of the multinational
companies in determining the innovation environment. The high costs and long delays entailed in taking a
new product through the regulatory system ensure that only large multinational companies (MNCs) have the
resources to operate throughout the whole innovation cycle. This barrier to entry for small companies has
shaped the structure of the sector, leaving MNCs in their currently dominant position and insulating them
from competitive challenges from smaller innovative companies with a high growth potential. Small
companies either rely on MNCs to take their products through to market, or alternatively they need to make
themselves attractive acquisition targets for MNCs. In both cases this means that they inevitably tailor their
innovation strategies to match those of the MNCs, rather than developing the radically novel applications of
genomic science that were anticipated in the 1980s and 90s.

Similar degrees of restriction on innovation pathways are beginning to emerge in new areas of medical
innovation. In the case of stem cell therapies, for example, the evolving regulatory system is mirroring the
structure currently applied to pharmaceuticals, and the more policy and regulatory barriers that are erected
along the development path, the more likely it is that only very large multinational companies will be able to
develop the technology. For stem cell-based innovations, multinational companies will be interested in
applications that can contribute to evaluation of new drug candidates but they are unlikely to embrace stem
cell based therapies as these will not fit with their current profit models or their production, distribution and
marketing strategies. This will not mean that no therapeutic applications will arise from stem cell
developments but there may be many fewer of them than would be the case under a diVerent regulatory regime.

Because of their influence on these questions, regulatory agencies have a particularly important role in shaping
the genomics-related innovation sectors of the future.3 International agencies are beginning to discuss
structural reforms of regulatory systems to develop smarter, more targeted regulation to match the potentially
more varied innovation landscape of the 21st Century. It would be in the UK’s interests to encourage and
support such initiatives.

One concern related to research governance is whether the patent regimes as they apply to DNA continue to
be conducive to life science innovation. For example in the patenting of a DNA sequence that has use in
research but no immediate therapeutic or diagnostic value, the NuYeld Council on Bioethics has noted that
there has been an increase in the number of patents asserting rights over DNA sequences in this category. Since
the 1990’s, researchers have used partial DNA sequence or expressed sequence tags (ESTs) as an aid to
identifying genes. Granting patents over parts of genes means that these can be privately owned as research
tools, excluding others from research to identify the genes themselves.

One component of the shift to more bottom-up, “governance” based approaches to regulation and the
provision of advice4 at regional levels, as shown by recent Innogen research is the importance of public-private
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collaborations and partnerships in Cambridge and Scotland for innovation and economic growth. These
collaborations play an important role in building firm-based and policy-making capabilities and public policy
can help to facilitate their formation and expansion.5

In what way is science and clinical policy decision making informed by social, ethical and legal considerations?

Social, ethical and legal considerations (advanced through consultations and advisory committees) reflect, and
to some extent also determine, the balance of power between Publics (citizens and stakeholders), Policy-
Makers (governance, regulation and the state) and Innovators (science and industry). Considerations such as
human rights, informed consent, ownership, accessibility and confidentiality, contribute increasingly to the
policy agenda for regulation of genomics/post-genomics research and innovation, alongside the need to ensure
safety, quality and eYcacy of new products and processes.

Thus, although scientific advice provides the main basis for legitimacy of policy decision making, there is also
an increasingly important role for public consultation and engagement in informing such decisions. There are
unresolved tensions between these two sources of authority for decision making, with outstanding questions
about the quality of public consultations and the extent of use of their results. Such questions include: the
appropriate timing, topic and format for a consultation; the expectations raised among those being consulted;
how to deal with irreconcilable diVerences of opinion among those being consulted; and the extent to which
the outcomes of a consultation should be allowed to over-ride scientific advice.

The Innogen Centre is making an important contribution to elaboration and evaluation of public engagement
techniques, for example in relation to development of genetic databases, stem cell science and the development
of related therapies, and in identifying, understanding and dealing with conflicting interests and values in
decision making related to genomics and medicine. We are also working on risk governance of stem cell based
therapies and synthetic biology research. Insights that have emerged so far from this research include:

— The need for diVerent engagement approaches to deal with debates and discussion based on
potentially conflicting interests (as in the case of patient groups) and those based on conflicting values
or ideology (as for example with religious objections to human embryonic stem cell research and
applications).

— The need to consider the circumstances under which it is democratically justified to allow the interests
or values of one societal group to over-ride those of others.

Research and Scientific Development

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

Research is mainly led by the research councils, at the UK level. Likewise regulatory and some financial
matters are dealt by the UK Government. However, for the development of new technologies, regional
innovation system thinking tends to dominate over national planning so that innovation and technology
policies are increasingly developed and implemented at a regional level, based on local endowments. The
promotion of entrepreneurial activities, private-public partnerships, public provision, intellectual property
licensing, scientific training etc, are achieved by a mix of sometimes overlapping schemes promoted by both
regional and national entities.

How does research in the UK compare internationally? How much collaboration is there?

The UK research base is one of the most eVective worldwide, based on the number of published and cited
papers per pound invested in fundamental research.

There are numerous international collaborations for research in genomics and biotechnology. For example,
the Biotechnology and Biological Sciences Research Council (BBSRC) collaborates with scientists around the
world, promoting international links at both policy and scientific levels to make the most of new scientific
opportunities and to explore ways of sharing knowledge and technology. Also the International Science and
Innovation Network (SIN) of the Foreign and Commonwealth OYce collaborates with a number of public
and private actors, ensuring that the UK retains its position at the cutting edge of world science.

The Economic and Social Research Council (ESRC) has supported the largest co-ordinated research
investment internationally, that studies socio-economic aspects of genomics-related development. It also
supports international collaborations, for example with a similar initiative in the Netherlands, as well as with
Canada, the USA, Africa, India, China and Argentina.
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Data Use and Interpretation

Is genomic information published etc in a useful way? Should there be a common public database? If so, who should fund
and have responsibility?

The reluctance to publish negative results contributes to a perception of secrecy rather than transparency and
openness and more needs to be done to encourage the sharing of negative as well as positive results, eg of
clinical trials.

In the context of a common public database, the centralisation of electronic medical records is currently under
way and we should consider what lessons can be learned from this that are relevant to public trust and
understanding. Funding should come from a centralised impartial source and control should be by a national
independent organisation, given recent breaches of security of government held data and the possible eVect
on public perception of the security of a government controlled public DNA database. A body akin to the
National Blood Transfusion Service has been proposed as a trustworthy institution to take on this role.

Considering the international implications of sharing of data and samples, there is a lack of harmonisation in
the way collections are procured, held and used, but the governance mechanisms for sharing information from
large-scale collections have not yet been developed. Organisations such as Public Population Project in
Genomics (P3G) are attempting to find solutions for this problem.

What are the implications of the generation and storage of genome data on personal data security and privacy, and on
its potential use or abuse in employment and insurance? How should these be addressed?

In the context of insurance, procedures are already in place to prevent individuals who participate in clinical
research from being discriminated against by insurance companies, as part of the voluntary moratorium
agreed by the companies. Insurers have stated that applicants do not have to divulge genetic information
derived from a clinical study so that denial of coverage or loading of the premium are not yet valid concerns.
However the moratorium will end in 2011 and this protection may not continue. Genomic information does
have implications for data security and privacy and these need to be addressed by policymakers and regulators
to ensure suYcient public safeguards without inhibiting scientific advance.

Translation

Who is responsible for translation to clinical practice?

For many areas of genomic medicine, industry is crucial to the successful translation of new therapies and
discoveries to clinical practice, and cross sectoral collaboration is increasingly taking place, between
universities/public sector research organisations, commercial companies and health services. In the past the
perception has been that commercial organisations received the majority of the benefit from public sector
alliances, but this is beginning to change. New large scale collaborations are being developed where the public
sector is a key investor, such as the Scottish Translational Medicine Research Collaboration (TMRC) and here
the challenge is to ensure that benefits accrue to all partners. Because translational medicine, by definition,
involves many areas of science, and a range of institutions and commercial organisations, a variety of diVerent
policy and investment initiatives is needed to extract maximum value.

Regulators and policymakers also have a key role to ensure that translation to clinical practice is supported,
where necessary, by enabling and well-conceived regulation, for example making it easier to set up a clinical
trial (single rather than multiple site licenses, as is being developed in Scotland) would facilitate translation.

Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

No investment is future proof, especially in such a complex area as genomics, where regulation, investment
and success can be capricious. They key is to balance or share the risk, partly through the involvement of the
commercial sector. Furthermore, investment, policy and regulation must be adaptive to changes in scientific
knowledge, technological advance and unforeseen changes in the socio-political environment. Investment in
broad based initiatives and fostering adaptive institutional change are likely to be more “future-proof” than
investment in a single technology or therapy area.
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The increasing use of Foresight techniques in policy and government circles arises in part from an attempt to
“future-proof” public investments in genomic technologies. However, long experience should have made our
human limitations in such areas abundantly clear.6 Predictions about the speed of development of an
innovation are generally wrong: some take much longer than predicted, some happen surprisingly fast, and
others never materialise. However, in a medical context regulatory requirements will usually mean a 10–15
year development time scale and this adds greatly to uncertainty about the economic environment and future
public and stakeholder attitudes and needs. Thus, attempting to predict future public desires and needs,
alongside attempting to predict health technology outcomes multiplies the scale of uncertainty.

Predictions based on a sound understanding of the interactions between science/innovation, regulation/
governance and public needs and desires, are likely to be less uncertain than those based on any one of those
areas in isolation. However, a more robust long term strategy is likely to be one that ensures an open science
and innovation environment and avoids fore-closing on any one area of innovation based on simplistic
interpretations of what is likely in future to be possible technologically or desirable from the public point of
view.

Biomarkers and Epidemiology

What impact will genomic data have on data emerging from projects such as UK Biobank, GS and other biobanks?

This question is complex and multi-faceted. Results from research based DNA databases are not yet in a
position to give individual, or even group-based, feedback about genetic propensity to inherit a disease.

There is an increasing need for regulation to ensure that public confidence in these databases is safeguarded,
rather than relying on volunteers’ acceptance of consent conditions. Current DNA database policy is based on
open consent whereby any use of the contribution cannot be precisely stated but will be medically and ethically
approved. However, the ethical safeguard providing the option for withdrawal of a sample can only apply
while the donor of the sample is alive. Greater clarity is needed to safeguard both the scientific potential of the
database and the requirements of individual donors.

There is some concern in medical and scientific circles that commercial involvement in developing DNA
databases and in using the insights they provide to develop products will lead to public opposition to the
databases themselves. However, our research has shown that accommodation can be achieved by mobilisation
of a grass-roots solution known as “benefit-sharing” or “profit pay-oV”, backed up by a pragmatic legal
framework which responds seriously to public concerns.7
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Memorandum by the ESRC Genomics Policy and Research Forum

The ESRC Genomics Policy and Research Forum is part of the ESRC Genomics Network (EGN), a major
investment by the Economic and Social Research Council (ESRC) dedicated to examining the development
and use of the science and technologies of genomics. Established in August 2004, the Forum acts to integrate
the diverse strands of social science research within and beyond the EGN; to develop links between social
scientists and scientists working across the entire range of genomic science and technology; and to connect
research in this area to policy makers, business, the media and civil society in the UK and abroad.

The Forum welcomes this opportunity to address evidence to the House of Lords Science and Technology
Committee, Sub-committee on Genomic Medicine. Social science research on genomics illuminates a number
of questions posed by the Sub-committee on Genomic Medicine, as follows:

1. Use of Genomic Information in a Healthcare Setting

1.1 What impact will genomic information have on the classification of disease? How will it affect disease aetiology and
diagnostic labels?

1.1.1 Genetic information has had a significant impact on the diagnostic classification of a number of single-
gene disorders. Even in single-gene diseases such as cystic fibrosis, however, genetic techniques have generally
been assimilated in dialogue with existing clinical methods of diagnosis and treatment, resulting in
modification rather than straightforward replacement of established disease categories (Kerr 2000; Hedgecoe
2003; Latimer et al 2006). Simple reductionist models of “geneticization” consequently do not hold. Rather,
the incorporation of genetic and genomic information and techniques into clinical practice, and the
reformulation in practice of disease categories, depend as much on how that information comes to be used in
the clinic as on basic scientific ideas of aetiology.

1.1.2 The impact of genomic information is even harder to predict when dealing with the much larger and
epidemiologically more important class of common complex diseases. It is in relation to such diseases that new
genomic techniques are likely to be most fruitful in identifying genes that confer an increased risk of disease.
In most such cases, however, susceptibility genes confer only a relatively small increase in the risk of developing
symptomatic disease, while a wide range of environmental, social and lifestyle factors may contribute to the
development of disease in the presence or absence of any genetic predisposition. Consequently, the impact of
such information on the clinical classification and diagnosis of disease will depend upon a wide range of
variables, including the size of the genetic contribution to risk and the availability of eVective preventive or
therapeutic interventions. The context of use, and the meaning and utility of genetic and genomic information
in that context, will be a key factor in determining how such information will be incorporated into clinical
practice and health care delivery.

1.2 How useful will genomic information be as part of individualised medical advice? What provisions are there for
ensuring that the individual will be able to understand and manage genomic information, uncertainty and risk?

1.2.1 Utility for patients must be the starting point for considering how genomic information should be
incorporated into medical advice and health care delivery. From the patient’s point of view, genomic
information may be read in a number of ways. In some cases, knowledge of a genetic predisposition may relieve
feelings of guilt or responsibility for an illness. In other cases, however, identification of a genetic risk may
entail an additional burden of responsibility on the patient. Indeed, the language in which medical and policy
discussions are couched commonly tends to suppose that patients have a duty to take appropriate preventive
or prophylactic action. But such action is not always in the patient’s best interest: patients identified with
BRCA1/2, for instance, often feel compelled to undergo prophylactic surgery out of a sense of duty towards
dependent children or out of consideration for the presumed wishes of their family—submitting themselves to
operations which they would not have chosen solely on their own account (Hallowell 1999, 2006). Health care
professionals and others also commonly use identification of a genetic susceptibility as an opportunity to oVer
advice on other forms of prevention including changes in behaviour or lifestyle. However, there is evidence
that patients are less inclined to follow such advice than to seek specific medical interventions (Saukko et al
2006). Increased testing for susceptibility genes may consequently lead to a corresponding increase in the
numbers of “worried well” demanding medical monitoring and support (Bharadwaj et al 2006; Lock et al
2007). Any such increase will obviously have resource implications for the health services.

1.2.2 The language in which preventive advice is oVered may play an important role in the failure to eVect
behavioural change among those deemed to be at increased genetic risk. Patients often have a complex multi-
causal understanding of inherited risk and prevention that draws on knowledge of their own family history
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and the health of relatives (Lock et al 2006). While lay ideas of kinship commonly diVer significantly from
genetic accounts of relatedness, knowledge of family history nonetheless provides a useful medium of
communication between health care advisors and patients. In this respect, overly rigorous insistence on a
strictly genetic understanding of relatedness may inadvertently lead to a failure of communication and
foreclose on a valuable channel for oVering meaningful advice on risk and prevention (Hall et al 2007).

1.3 What are the implications of developments in genomic technologies for the training of medical specialists and other
health professionals? Are there any gaps that need addressing? What is the assessment and planning for future needs in
capacity?

1.3.1 Until recently, responsibility for providing genetic health care and advice has largely devolved onto
genetic medicine specialists and genetic counselors. With increased knowledge of the genetic dimensions of
common complex diseases, however, a much wider spread of practitioners are likely to find themselves called
on to oVer advice on genetic matters. There will therefore be a need not only to increase provision of specialist
training, but also to integrate appropriate training in providing genetic health care into the core medical
curriculum.

1.3.2 In view of the necessity, discussed above, of engaging with lay understandings of disease inheritance and
causation, such training should not be confined to a scientific appreciation of disease genetics. It should also
emphasise the value of family history as an eVective means of structuring communication with patients, and
should stress the importance of understanding that history from the patient’s perspective as well as from a
strictly genetic point of view.

1.3.3 Awareness of genetic risk necessarily has implications not just for individuals but also for their relatives.
Patients’ decisions about whether or not to disclose information about genetic risk to other family members
are commonly guided by lay ideas about who counts as a relative, as well as by judgments about whether
relatives will be able to cope with the knowledge that they are at risk (Clarke et al 2005). Here too, sensitivity
to lay understandings of kinship, and an appreciation of the dynamics of family life and the judgments that
inform disclosure within the family, will be invaluable to the practitioner. This will involve far more than an
understanding of the kinds of general ethical principles that are commonly taken to guide disclosure of medical
information, but which often prove diYcult to apply to complex concrete situations, particularly where family
relationships are concerned. Experience suggests that training in such issues is often more eVectively achieved
by working through actual cases than by consideration of abstract principles.

1.4 Use of genomic information in a healthcare setting: conclusion

1.4.1 Genetic and genomic information represent a significant addition to the medical information available
to health care practitioners and their patients. But the meaning and utility of that information in a healthcare
setting is not determined solely by the possibility of estimating the extent of the genetic risk that patients face.
It also depends upon the practitioner’s ability to relate that risk to the patient’s life and circumstances,
including the social and moral complexities of family life. As more and more genomic information becomes
available in an increasingly wide range of healthcare settings, it is important that practitioners learn to help
their patients make sense of that information on their own terms and in their own interests.

2. Translation

2.1 What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

2.1.1 As discussed above, practical returns on the identification of specific genetic risk in common complex
diseases are diminishing, in view of the relatively low penetrance of most susceptibility genes, the confounding
aspects of environment and lifestyle, and the resulting diYculties in drawing useful lessons or identifying useful
interventions. It is possible that improved genomic understanding of disease aetiology may in time lead to
novel forms of therapy, but such gains are likely to be piecemeal and unpredictable.

2.1.2 Developments in the field of pharmacogenetics, including the identification of genes for positive or
adverse drug responses, are likely to follow a similar pattern to the identification of disease susceptibility genes.
A number of single-gene pharmacogenetic eVects have already been identified that may prove useful in
practice, and it is likely that further such eVects will be found. However, genetic explanation of remaining
variations in drug response, and the development of eVective tests, will be complicated in practice by factors
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including low penetrance and other sources of personal variation. There is thus a likelihood of significant but
relatively localised pharmacogenetic gains in the eYciency and eYcacy of drug use, but a revolutionary shift
towards so-called “personalised medicine” is unlikely.

2.2 How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation
of such tests?

2.2.1 The question of the meaning of genomics-based genetic testing in medical practice and in patients’ lives
has been considered above. These considerations also have implications for how the utility of new genetic and
genomic techniques should be evaluated (Wilfond and Thomson 2000). Any assessment of utility should take
account of the complex meanings that attach to genetic testing, and the ethical and social consequences that
follow from the application of such tests. This would be best achieved by adopting recent developments in
health technology assessment which pay explicit attention to the context of use, and which draw on new
methods of engaging with users—including both practitioners and patients—to ensure that new technologies
meet genuine needs (Lehoux and Blume 2000; Lehoux et al 2004).

3. Policy Framework

3.1 Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

3.1.1 Within the limits discussed above, significant public benefits are likely to accrue from pharmacogenetic
targeting of medicines on those genetic sub-populations that are most likely to benefit. However, there are a
number of ways in which the existing regulatory and policy environments are less favourable for such
developments than they might be.

3.1.2 First, commercial incentives alone may prove insuYcient to encourage commercial development,
validation and marketing of pharmacogenetic interventions. Pharmaceutical companies continue to favour
“blockbuster” models of commercialisation, and are generally reluctant to pursue strategies that potentially
segment their markets. Consequently, development of new genetically targeted drugs has been slow, despite
high-profile exceptions such as Herceptin. Where already-licensed medicines are concerned, pharmaceutical
companies are particularly disinclined to encourage the development of genetic tests that may lead to
segmentation of existing markets. Development of such tests therefore tends to fall to small and medium-sized
companies, which do not have the resources to pursue the large-scale clinical trials needed to demonstrate
eYcacy and stimulate demand. There is thus a serious risk of market failure in such areas. Policy measures to
combat these problems might include extension of orphan drugs legislation to cover “orphan genotypes”, and
increased funding from public sources for clinical studies to develop the evidence base in support of
pharmacogenetic testing and prescribing (Melzer et al 2005; Hedgecoe et al 2006; Martin et al 2006).

3.1.3 Secondly, while regulatory control over the licensing and marketing of medicines is chiefly exercised at
EU level, regulation of genetic and other diagnostic tests remains a national responsibility, with considerable
variation between member states. Also, licensing procedures for diagnostic tests generally require little
information about clinical utility, so fail to generate the kind of information that would encourage uptake by
clinicians and patients. Harmonisation of regulatory procedures, stronger requirements to demonstrate utility,
and incorporation of test procedures into the licensing requirements for pharmacogenetic medicines might all
serve to address these deficiencies (Melzer et al 2005; Hedgecoe et al 2006; Hopkins et al 2006).

3.1.4 Thirdly, while pharmaceutical companies have been reluctant to adopt pharmacogenetic methods as a
means of targeting prescribing practices, they have incorporated pharmacogenetic methods into drug
development and evaluation processes. To this end they have collected considerable amounts of genetic data
from trials participants. Regulations governing these biobanks also vary widely between European states,
inhibiting research initiatives that might cross national boundaries. Harmonisation of the relevant EU
regulations might do much to address this problem (Hedgecoe et al 2006).

3.2 Policy Framework: Conclusion

3.2.1 The development of pharmacogenetics is one of several factors conducing to a radical reorganisation of
innovation pathways in the pharmaceutical and diagnostic technology sectors. To date, pharmaceutical
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companies have resisted such changes, but they appear increasingly inevitable. An appropriately structured
regulatory and policy environment, including eVective engagement with relevant stakeholders, will be crucial
in managing such changes to minimise disruption and maximise public benefit (Tait and Mittra 2004; Tait
2007).
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15 April 2008

Memorandum by the ESRC Centre for Genomics in Society (Egenis)

Egenis carries out a wide range of research on the interpretation and implications of contemporary
biosciences. Specific areas of expertise relevant to the preparation of this evidence are the philosophy of
biology, especially emerging areas of genomic and post-genomic science, regulation of biomedical technologies
with a special focus on stem cells, and the use of family histories in the clinical management of common
polygenic disease.

What is the state of the science? What new developments are there? What is the rate of change?

1. We must begin this response by expressing some doubts about what is meant by “genomic medicine”. This
would most naturally be taken to refer to systemic interventions in overall genomic function, but as yet no
therapies of this kind exist. The term “genomic” might be taken to contrast with more traditional genetic
medicine, involving the diagnosis, prediction, and treatment of monogenic diseases, but these might also be
thought of as encompassed by the broader term “genomic”. It is common to understand the investigation of
multifactorial, polygenic disease as genomic and we shall comment below on some research here in this area.
Given that this includes the common killer diseases in the West (cardiovascular disease, cancer, diabetes) this
is presumably an area that deserves serious attention. Anticipated developments such as the use of RNAis to
block transcription of specific regions of the genome would probably be considered genomic.

2. The science in this area is developing at an extraordinary rate which, we suppose, provides a strong reason
for interpreting the term “genomic” in as broad a way as possible so as to encompass developments that are
as yet diYcult even to foresee. A general trend in those developments is a move away from a vision as the
genome as a code or program intrinsically containing the future development of the organism, but rather to
see the process of development as involving constant two-way interaction between the genome and other
elements of the cell and even of the wider environment. The “central dogma” that proposed one way causal
processes running from DNA to RNA to proteins is in terminal decline if not quite yet dead. One area that is
opened up by this recognition of constant two-way interaction is the possibility of epigenomic medicine, for
example medical intervention directed at dysfunctional methylation patterns in the genome, increasingly
implicated in cancer aetiology. A second possibility that can be anticipated partly as a result of this general
reform of our understanding of the genome is the eventual application of systems biology based insights to
medicine. And third, following on developments such as the human microbiome project (http://
nihroadmap.nih.gov/hmp/), we anticipate medical implications for the increasing understanding of the
symbiotic relations between humans and ectosymbiotic microbes. These include increasing awareness of the
ways that humans and microbes mutually modulate gene expression, and therefore should surely be seen as a
potential expansion of genomic medicine.

3. We assume that stem-cell based therapies would be included under the genomic rubric, since one
interpretation of the central challenge in this area is the attempt to elicit specific patterns of genomic expression
appropriate for specialised cell-types in unspecialised cells (or cells rendered eVectively unspecialised).
Moreover the spontaneous rearrangements of genomes observed in cultured cells are phenomena with wide
implications not only for medical applications of stem cells but even for general understanding of life
processes. Stem cell research has been constituted as an emergent scientific field of inquiry connected to hopes
of biomedical innovations that will lead to the cure of major degenerative diseases. While the transplantation
of haematopoietic stem cells has become a routine treatment in blood disorders such as leukaemia in the last
30 years, stem cell science is still in its early stages as regards the development of treatments for major diseases
such as diabetes, cardiovascular diseases and neurodegenerative diseases. To date no clinical research has of
yet been carried out with cells derived from human embryonic stem cells while tissue engineering uses of adult
stem cells have only recently moved into the clinical trial stage, eg trials with autologous bone marrow stem
cells for cardiac repair.

4. A very wide range of medical and other issues are raised by the growing storage of human genomic and
genetic data. We cannot comment in detail on these here, but will mention some specific issues under the
heading of regulation and translation.
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5. Although all these are areas under active investigation at Egenis it is too early to predict in any detail the
impact of such scientific developments on medical practice. None of the possibilities mentioned in paragraph
2 yet exist as part of medical practice, though in each case there are strong arguments for anticipating that this
will change over the next few years or decades. We mention them to emphasise the fast-moving and open-
ended nature of the science and the need that any general account of the state of this science should be as
broadly conceived as possible to make room for these as yet undeveloped, but potentially very powerful,
medical technologies.

Policy Framework

6. Although there is no particular body dealing with genomic medicine, the existing regulatory and advisory
bodies (especially within the DH) inevitably enter and regulate the field locally, through, eg, cancer, heart
disease, and epidemiology regulations. This leads to a complex and fragmented regulatory landscape. While
it provides flexibility, it also enables a “pick and choose” policy, which can result in legal uncertainty and
inconsistent patients’ protection.

7. Direct-to-consumer genomic tests are inadequately regulated by existing legislation on quality and safety
of diagnostic devices. The risk of adverse psychological eVects on the individual and, very importantly, family
members needs to be addressed. This has been confirmed by in the Draft Additional Protocol to the
BioConvention on genetic testing for health purposes.

8. Legislation is desirable concerning biobanks (genetic data banks) setting up general rules regarding
consent, privacy issues, benefit sharing, funding and management. Crucially, genomic studies are never
restricted only to genetic/genomic data, but encompass medical and other data. Reconciliation between data
protection legislation and provisions on biological material is required. This also raises very wide-ranging
issues of potential genetic discrimination in health and life insurance and employment, especially due to the
limited scope of the definition of genetic testing and the lack of clarity with regard to what is understood by
genetic data.

Note: paragraphs 9-13 are specifically addressed to stem cell medicine.

9. Because of ethical problems connected to the sourcing and therapeutic use of stem cells—especially human
embryonic stem cells—and the assurance of the quality and safety of stem cell technologies in human
application, a complex and intersecting set of regulatory mechanisms and authorities apply to them in the UK.
These include the Human Fertilisation and Embryology Authority (HFEA), the Medicines and Health Care
Products Regulatory Agency (MHRA), the Human Tissue Authority (HTA) and the NHS research
governance framework—and their regulatory responsibilities following the transposition of European
regulation into UK law. As with other biotechnology-based medicinal products, advanced therapy medicinal
products now fall under the centralised authorisation procedure of the European Medicines Agency (EMEA).

10. In broad terms, the three UK regulatory authorities have remits with regard to the regulation of tissues
and cells and on the basis of the transposition of the EU tissue and cells framework into the UK regulatory
system. In accounting for the special status that was accorded to the embryo in the HFE Act 1990, research
on and use of embryos and gametes falls within the remit of the HFEA as competent authority under EU law,
which also regulates fertility treatment. The regulation of the procurement, donation, processing, storage and
distribution of tissues and cells for human application of all other tissues and cells now falls within the remit
of the HTA. If cells and tissues are classified as a medicinal product, they fall under the licensing conditions
of the MHRA as competent authority. In this case the HTA will only be responsible for the procurement,
donation and testing of cells, while the manufacture, storage and distribution will come within the remit of the
MHRA. By contrast, if tissue or cell treatments are not classified as medicinal product, the manufacture,
storage and distribution will remain within the remit of the HTA. Final market authorisation of medicinal
products containing cells or tissues will be granted through the EMEA.

11. While this may be seen as a flexible system allowing for the tailoring of requirements to the specific stem
cell treatments under consideration, it is equally in danger of inconsistencies and the creation of friction
through the potential creation of overlaps as well as the integration of expertise when it comes to assessing
particular treatments from the point of procurement through to application in patients. Currently, there exists
some regulatory uncertainty as to the division of responsibilities between the HTA and the MHRA. The
translation of regulatory boundaries in terms of institutional boundaries of the two regulatory authorities
raises tensions insofar as the requirements of manufacturing, storage and distribution may have implications
for the way in which material is procured and the testing requirements that might apply before further
processing.
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12. Given the complexity of tissue and cell-based treatments, it is highly desirable that expert oversight reaches
across the entire process from ethical procurement to the manufacturing and distribution of particular
treatments/product groups rather than being centred on one or particular steps in the authorisation chain.
Overall, in light of the fact that multiple regulatory authorities have remits within this area and current
regulatory uncertainties among the authorities in this area, it needs to be assured that a regulatory process is
put in place which defines the responsibilities and points of contact between the HFEA, the HTA, and the
MHRA as well as associated bodies such as research ethics committees and GTAC (as the national ethics
committee which advises upon the carrying out of trials on gene therapy).

13. The development of stem cell therapies is dependent upon the collaboration of scientists working in the
bio-sciences (molecular biology, biochemistry) and medical scientists. With regard to the translation of
technologies from the laboratory to the clinic, preliminary findings suggest that this exchange is dependent
upon social factors which facilitate this exchange, and suggest that the extent to which resources are available
for clinicians in engaging in translational research within the NHS and the incentives present to do so across
diVerent levels of training need to be addressed in furthering translational research.

What opportunities are there for diagnostics, therapeutics and prognostics, now and in the future?

14. It is important to distinguish between the opportunities for diagnostics, therapeutics and prognostics in
monogenic conditions and more common, complex polygenic conditions (eg coronary heart disease, most
cancers, diabetes). The possibilities for screening for monogenic conditions is high (indeed it already occurs);
there is only one or a few genes to locate and their penetrance (ie the extent to which they will cause the given
disease) is very high. This makes genetic screening, coupled with standard treatment, cost-eVective but only
applicable to the small number of people aVected by monogenic diseases. The opportunities for genomic
medicine as applied to common, complex diseases such as coronary heart disease and diabetes are diVerent.
Although advances in genetics have led to the discovery of some genes linked to diabetes and coronary heart
disease, there are no clinically validated genetic tests currently available. This is because such diseases are the
product of far more complex gene-gene and gene-environment interactions which at present are not well
understood (over 250 genes may be associated with cardio-vascular disease [CVD], for example). In relation
to CVD, tests have been developed for a handful of “best-known” markers (mutations connected with LDL
metabolism, blood pressure, homocysteine) but it is not clear they are the most significant or best predictors
(except for monogenic familial hypercholesterolaemia). It is also arguable they oVer no current benefit over
and above existing tests (eg cholesterol, BP, HDL/LDL ratio) and interventions are generally the same
(Mediterranean diet, statins and blood pressure modification). This has not stopped companies entering into
the market oVering tests such as Cardio for heart disease (eg GeneticHealth in the UK). However, the
predictive value of such tests is likely to be very low, and so are not justifiable either in terms of NHS cost or
clinical utility.

15. In the absence of any clinically valid genetic tests for CHD and diabetes suitable for widespread use, there
has been a resurgence of interest in using family history as a “proxy” for genetic risk. Family history also
encapsulates other factors which are transmitted from generation to generation, such as lifestyle behaviours
and environment, is cheap and can be delivered by in primary care. Its use is advocated in the National Service
Framework for diabetes and coronary heart disease in the UK.

16. If family history is to be used as an “alert” or “risk marker” for common and complex diseases, it needs
to be planned and implemented at central level within the NHS if it is to deliver. Research conducted at Egenis
(in conjunction with the University of Nottingham) on behalf of the Department of Health indicates several
key features of current practice which could be improved:

(i) Health professionals need very clear guidelines on what constitutes a “positive” family history of
common and complex diseases (and therefore indicative of genetic/familial risk).

(ii) Having identified familial risk, health professionals need guidance/training on how best to
communicate this information as the diVerent understandings of GP/nurse and patient can lead to
mis-communication.

(iii) The lack of standardization amongst recording systems used by GP practices makes recording and
using family history/genomic information currently diYcult (our ongoing study found as many as
eight diVerent systems being used, all with diVerent family history criterion).

It is important to note that genomic medicine does not have to be operationalised using high tech and
expensive processes to have considerable clinical utility.

Note: References in support of empirical claims made in this evidence are on file and available on request.

15 April 2008
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Memorandum by the ESRC Centre for Economic and Social aspects of Genomics (CESAGEN) Cardiff
and Lancaster Universities

1. Introduction

Cesagen’s “Biomedicine, identity and behaviour” theme has produced a large body of detailed, ethnographic
work examining on biomedical knowledge, genetic medical conditions, kinship, personal identity and the
communication of genetic risk information within families (cf Featherstone et al, 2005, 2006; Arribas-Ayllon
et al, 2008a, 2008b). Its research agenda (2007–12) is now turning to identification of “susceptibility genes” for
complex multifactoral conditions in the field of psychiatry. This prior and ongoing work informs this response.

Our submission is focused on the following questions presented in the call for evidence under the heading “Use
of genomic information in a healthcare setting”:

What impact will genomic information have on the classification of disease? How will it affect disease aetiology and
diagnostic labels? How useful will genomic information be as part of individualised medical advice? What provisions are
there for ensuring that the individual will be able to understand and manage genomic information, uncertainty and risk?

2. What impact will Genomic Information have on the Classification of Disease? How will it

affect Disease Aetiology and Diagnostic Labels?

Neuropsychiatric disorders represent a rapidly changing field where genetic medicine is emerging as an
important diagnostic, treatment and risk assessment tool. The identification of “susceptibility genes” for
psychiatric conditions (including schizophrenia and bipolar disorder), has the potential to transform the
classificatory basis of psychiatric diagnosis and treatment, and to challenge the epistemological basis of at least
some psychiatric practice.

Within the field of psychiatry, there has been a long history of contested classifications, particularly for
psychosis and bipolar aVective disorders. At present, these disorders are treated as distinct entities with
separate underlying disease processes and treatments. However, many individuals with severe psychiatric
illness (“psychosis”) have both prominent mood and psychotic symptoms “raising the possibility, indeed the
likelihood, that there is not a neat biological distinction between schizophrenia and bipolar aVective disorder”
(Craddock and Owen, 2005: 364). Recent evidence suggests that the current criteria used for the classification
of these conditions does not map neatly onto patient experiences and symptoms. Genetic epidemiology has
already proved influential in shaping the nosography of psychiatry and recent developments in molecular
genetics are beginning to provide evidence to challenge these traditional classifications. This makes it
increasingly diYcult for psychiatrists to unambiguously assign patients to distinct categories of major
psychosis.

In addition, although the identification of susceptibility genes is at an early stage they are already having an
impact on family understandings of risk and transmission (Meiser et al, 2005), and “will have a major impact
on our understanding of disease pathophysiology and will lead to changes in classification and the clinical
practice of psychiatry” (Craddock, et al, 2005: 193). It is therefore timely and important to examine the
personal and professional responses to these new challenges, the role of stigma and the personal consequences
of the practices of medical classification and the assessment of risk.

3. How Useful will Genomic Information be as Part of Individualised Medical Advice? What

Provisions are There for Ensuring that the Individual will be able to Understand and Manage

Genomic Information, Uncertainty and Risk?

Genetic testing for psychiatric disorders is becoming commercially available with venture capitalists and
scientists seeking to establish niche markets by selling “direct-to-consumer” testing. Psynomics
(www.psynomics.com) have developed a test that helps diagnose people with bipolar disorder (Couzin, 2008).
Companies such as SureGene (www.suregene.net/home.aspx), are developing tests for other psychiatric
disorders while NeuroMark (www.neuromark.com) are marketing a test for pharmacogenetic responses to
anti-depressant treatment. The success of the business model in driving these developments is likely to
encourage further biotech companies to circumvent existing psychiatric healthcare models in favour of
personalised medicine. In the UK, recent media coverage (Observer, 3 February 2008; The Daily Telegraph, 4
February 2008; The Express, 5 February 2008; The Times, 10 March 2008) has raised public awareness and
expectations of these scientific developments as well as fears and concern about the commercial availability of
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predictive and diagnostic testing. Psychiatrists and doctors have warned that the proliferation of such direct-
to-consumer testing will mislead and confuse consumers (Observer, 3 February 2008; BBC News, 11 March
2008). Providing individuals with the likely risk of developing psychiatric disorders is not straightforward, and
may not account for the complex interaction of genetic and environmental factors.

While susceptibility testing within psychiatric practice is only a theoretical possibility at present, the
identification of susceptibility genes has significant implications for individual patients and their family-
members.

New exploratory research is needed in order to assess the likely consequences of these developments for
individuals and family members, for psychiatrists, genetic specialists and mental health professionals, and the
potential demands on healthcare services. The ongoing collaboration between Cesagen, Psychological
Medicine, Medical Genetics, Social Sciences, and the Wales Gene Park at CardiV University, will provide an
evidence based assessment of the likely personal and professional consequences of new genetically-based
diagnostic criteria and risk information. It will also inform the ethical debate concerning the consequences of
risk evaluation for psychiatric conditions.
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Memorandum by the ESRC Centre for Social and Economic aspects of Genomics (CESAGEN), Cardiff
and Lancaster Universities

1. Introduction

This evidence is submitted on behalf of the ESRC Centre for Economic and Social Aspects of Genomics
(Cesagen), a collaboration between CardiV and Lancaster Universities. It is part of the ESRC-funded UK
Genomics Network which was established to provide significant research capacity to examine developments
in genetic technologies and their social implications. Cesagen was established in 2002 and has completed a
substantial programme of research on biomedical genetics. StaV are drawn from a number of disciplines and
work in interdisciplinary teams, which allows all aspects of social and scientific issues to be examined in a
collaborative manner. The views represented here are based on our shared research expertise, but do not
represent the views of the Economic and Social Research Council.
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Our submission is addressed primarily to the Committee’s interest in the use of genomic information in a
healthcare setting.

2. Summary

We summarise two key, closely related issues concerning the development of genetic testing and its implications
for primary and secondary health care. We identify the emergence of the “genetic iceberg” of anxious patients
who have moderate risk but limited access to counselling or other healthcare resources. We also note the spread
of genetic medicine into clinical specialties that have not hitherto been concerned primarily with genetic testing
and its management. We note that separately and in conjunction, these two trends are likely to create a burden
of need for genetically-based counselling, monitoring and support that will outstrip current provision. The
submission is based on fundamental and strategic research carried out by ourselves and others in the UK
research community.

3. Current Trends

The following trends form the background to this evidence.

(i) The identification of risk and susceptibility genes for an ever widening range of conditions.

(ii) The transformation of disease categories and classifications, based on genetic evidence.

(iii) The likely expansion of genetic testing, including population screening, for major disorders; cancers,
haemochromatosis, sickle-cell, thalassaemia.

(iv) The translation of genetic research into major clinical specialties—cardiology, neurology,
haematology, psychiatry.

(v) The emergence of genetically-based methods of diagnosis and risk assessment beyond the conditions,
and beyond the clinics, hitherto the preserve of specialists in genetic medicine, including genetic
counsellors.

4. The Research Evidence

Our observations are based on the following robust research findings that have been replicated across a
number of conditions:

4.1 Risk and anxiety

The identification of “risk”—especially for a medical condition that is life-threatening, or that may lead to
significant impairment—can lead to expressed anxiety on the part of those at risk. Anxiety per se is not
correlated with the level of risk in a simple fashion. Anxiety is most likely to be expressed by individuals
identified as having a “moderate” risk. Those with a low risk and those with high risk do not express the same
anxieties (for diVerent reasons). (Bharadwaj, 2006)

While those with a low risk may feel that that is suYcient cause for reassurance, those with high risk have
greater access to genetic counselling, medical or surgical intervention (eg prophylactic surgery for breast
cancer), regular screening (eg for colorectal cancer) and clinical treatment (eg haemochromatosis). In other
words, anxiety is high when scarce resources of healthcare and counselling are not available to those with
“moderate” risk.

There is, therefore, the clear likelihood of creating a widening pool of anxious pre-patients who are at risk, but
who do not qualify—on grounds of level of risk—for specialist intervention. Existing specialist services in
genetic medicine and genetic counselling do not currently have the capacity to take up this potential burden
of monitoring, advice and healthcare provision.

4.2 Translation of genetic medicine

The translation of genetically-based medicine into clinical specialisms beyond Genetic Medicine itself, raises
serious implications for the conduct of clinical medicine and intervention into family relations.

Within the specialty of medical genetics, there are highly developed professional procedures for the
management and disclosure of genetic information. The translation of genetically-based diagnosis and
prediction into other specialties, with practitioners not trained in genetic counselling or supported by
specialised counsellors or genetic nurses, may lead to interventions that do not abide by such standards of
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practice. There is, for instance, as yet unpublished evidence of clinics contacting family members directly and/
or engaging in much more directive interventions than has been the norm in medical genetics (where the
practice has been based on non-directive counselling and the avoidance of direct family contact, except
through and with the express consent of probands). (Marks, D, 2002)

4.3 Genetic information

All of the available social research indicates that the transmission of genetic information to probands, and
from them to family members, is variable and contingent (GaV, C, 2007). Information imparted in the genetics
clinic is often remembered and interpreted in ways that do not reflect the intentions of the professional
practitioners providing such information. Genetic information (such as risk values and patterns of
inheritance) is interpreted by family members in accordance with lay theories of inheritance, lay
understandings of risk values, and the dynamics of family communication (Featherstone, K, 2006, Arribas-
Ayllon, M, 2008 a,b). The transfer of genetic information between family members is heavily dependent upon
mutual perceptions of who is able to “cope” with that information, and who needs that information. Such lay
assessments and understandings cannot be assumed to be congruent with geneticists’ and other professionals’
assessments nor with biological/medical models of inheritance (Atkinson, P, 2003). There is, therefore,
considerable scope for misalignment between professionals and clients. There is evidence that such problems
of misalignment can be exacerbated when diagnoses and risk assessments are being provided by specialists who
are not familiar with genetic conditions: our own family interviews with worried parents of children with
conditions such as haemophilia (Gregory, M, 2007, Boddington, P, 2008). If genetic medicine is to be used to
inform individualised medical advice, it is clear that detailed consideration needs to be given to the
management of genetic information, not only in specialist genetics clinics, but—even more pressingly—in
primary and secondary healthcare settings where trained genetic specialists are not available.

5. Training and Guidance

As we have indicated, the expansion and translation of genetically based medicine is predicted to create a
considerable burden on healthcare professionals and services. Unless substantial resources are made available
for the continuing professional education of existing practitioners, and for the training of new genetic
counsellors, then the visions for genetic medicine (for instance as outlined in the 2004 white Paper)
(Department of Health, 2003) cannot be realised. There is the danger that genetic information—poorly
understood by lay clients—will not result in well-informed publics, and will not result in appropriate health
behaviour. At present the only advanced training for genetic counsellors in the UK is provided through
Masters courses at Manchester and CardiV Universities (for links, see references). These two courses currently
produce c.25 graduates per annum (including overseas students who do not intend to practise in the UK). It
is clear that such small numbers are insuYcient to meet the needs of the public.

There is equally clear need for codes of professional conduct and protocols of practice to be agreed between
specialists in medical genetics and other specialists, given that the latter will increasingly find themselves
transmitting genetic information in clinical settings. Translation of genetic medicine needs to be accompanied
by the translation of best practice into new fields of specialist practice.
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Memorandum from the Arts and Humanities Research Council

1. The Arts and Humanities Research Council (AHRC) welcomes this opportunity to respond to the
committee’s inquiry. This response does not include or necessarily reflect the views of the Science and
Innovation Group in the Department for Innovation, Universities and Skills.

2. The AHRC supports research within a huge subject domain from traditional humanities subjects, such as
history, modern languages and English literature, to the creative and performing arts. The AHRC funds
research and postgraduate study within the UK’s higher education institutions. In addition, on behalf of the
Higher Education Funding Council for England, it provides funding for museums, galleries and collections
that are based in, or attached to, higher education institutions in England.

3. This information in this response comes (except the Research and Scientific Development section, as
indicated below) from Professor Graeme Laurie, Director of the AHRC Research Centre for Studies in
Intellectual Property and Technology Law at the University of Edinburgh and Mr Shawn Harmon, Research
Associate with the AHRC Centre and with Innogen (sponsored by the ESRC) also at the University of
Edinburgh. The response focuses on issues from the legal, ethical and/or regulatory perspectives, being the
focus of the work of the AHRC Law Centre. Further details can be seen at http://www.law.ed.ac.uk/ahrc and
also http://www.innogen.ac.uk.

Policy Framework

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

4. We contend that the existing regulatory framework does not optimise the development and translation of
new technologies. There are three hurdles of particular significance.

5. Regulatory Joined-up-ness: There exists “innovation drag” as a result of regulatory complexities (eg:
regulatory overlap and co-regulation by a variety of bodies, from the Human Fertilisation and Embryology
Authority (HFEA) and Human Tissue Authority (HTA), to UK Stem Cell Bank (UKSCB), to the General
Medical Council, the patents regime and more. The ineYciencies created by multiple overlapping
recommendations, directions, guidances, and laws from bodies/agencies (who do not necessarily coordinate
or even communicate) with an interest in diVerent but overlapping stages of innovation, complicates and
elongates the journey from idea to socially-useful output. It also makes it diYcult for public actors to steer
innovation in socially-useful directions. In short, there needs to be regulatory “joined-upness” so as to
promote timely and valuable innovation. The Committee has the opportunity to map these regulatory
pathways and to recommend how more eVective and eYcient trajectories might be developed.

6. The role of ethics committees: A particular “pressure point” in this arena—that is, activities directed at the
translation of research into products/processes directed at humans—which deserves closer attention is the
remit and transparency of local or multi-centre ethics committees; more particularly, how to articulate the
scope of the former and ensure the latter.

7. Access to research data: There are barriers to researcher/innovator access to data and much work has been
done with a view to examining the knowledge enclosure tendencies of existing intellectual property regimes.
The Committee is, however, in a position to examine the UK intellectual property regime and its interactions
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with European and international institutions, and more particularly the application of these regimes to
genomic medicine. One fruitful avenue to monitor in depth is the initiative from the UK Stem Cell Bank to
rely more on Open Science. It is far from clear that this will serve the range of stakeholder interests.

In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

8. We would suggest that there are five core challenges facing the optimal governance of genomic medicine
and which involve the above considerations.

9. Consent: The imperative to obtain informed consent has become the dominant paradigm in biomedical
governance but we would point out that its origins lie in medical research focussed on the human body and
that its application to research involving medical or genomic data should be explored in more depth. Such an
imperative may stand in the way of valuable medical research and act as a hurdle to striking an optimal balance
of interests. Consent is not a social value in itself, but merely a means to respect individuals and their interests;
as we indicate below, it is neither necessary nor suYcient to protect the core individual interests involved in
research involving medical/genomic data, viz privacy interests. We would urge the Committee to explore the
debate about the value and limits of consent and to ask whether we “fetishise” consent as a regulatory tool at
the expense of other options.

10. Confidentiality: As a recent report from the Academy of Medical Sciences indicates,26 the current
regulatory regime that operates within the United Kingdom with respect to protection of privacy does not take
advantage of flexibilities within the law which provide for the adequate protection of privacy while also
promoting medical research when informed consent is neither practicable nor possible. We would also refer
the Committee to the recent report from the Article 29 Working Party on Data Protection which discusses e-
health records and the possibility of regulation regimes that promote a public interest mandate.27 We would
urge the Committee to consider, in particular, the role and approach of the Patient Information Advisory
Group which takes a very consent-based stance to its work. This can be contrasted with the Privacy Advisory
Committee for Scotland, of which Professor Graeme Laurie is Chair, and which seeks a balance of public and
private interests.28

11. Confidence: Public trust and confidence is crucial to eVective governance regimes and we would suggest
that particular close attention should be paid to questions of access to genomic data. Good governance
regimes should be transparent, robust, reasonable, involve clear due process for all parties, and be subject to
eVective oversight. We would point to the example of the UK Biobank Ethics and Governance Council,
chaired by Professor Graeme Laurie, which is developing considerable experience in this realm; crucial to the
success of the Council is a close working relationship with UK Biobank itself.

12. Commercialisation: Our research, and that of others, has revealed some evidence of public unease about
the role of commercialisation of genetic/genomic research.29 While we accept commercialisation as a reality,
we would nonetheless suggest that the Committee consider carefully whether and how such public attitudes
might be taken into account.

13. Collaboration: International collaboration is essential if we are to realise the full promise of genomic
medicine. The same is true in terms of governance, and in many ways the United Kingdom is leading the
international field; once again, we oVer the example of the UK Biobank Ethics and Governance Council. On
international collaboration, we would also point to the example of the Public Population Project in Genomics
(P3G) which is seeking harmonisation of eVorts, both scientific and regulatory, among biobanks across the
globe.30

Research and Scientific Development

What is the state of the science? What new developments are there? What is the rate of change?

14. The AHRC has funded “Philosophical Issues in Genomics”; a research grant award made to Professor
John Dupré and Dr Maureen O’Malley at the ESRC Centre for Genomics in Society (Egenis); the information
in this section comes from them. The award of £93,838 ran from 1 March 2006 to 29 February 2008 and
addressed two topics that have enormous potential for relevance to future medical practice; systems biology
and microbiology. Systems biology is an attempt to apply sophisticated computational methods to modelling
26 Academy of Medical Sciences on Personal Data for Public Good: Using Health Information in Medical Research (2006), report

available here: http://www.acmedsci.ac.uk/p99puid62.html
27 Article 29 Data Protection Working Party, “Working Document on the processing of personal data relating to health in electronic

health records (EHR)” 15 February 2007.
28 Privacy Advisory Committee for Scotland, more information here: http://www.isdscotland.org/isd/2466.html
29 Haddow, G, Laurie, G, Cunningham-Burley, S, & K Hunter, “Tackling Community Concerns About Commercialisation and Genetic

Research: A Modest Interdisciplinary Proposal” (2007) Social Science and Medicine, 64: 272-282.
30 Population Project in Genomics: http://www.p3gconsortium.org/
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complex biological systems. It is widely seen as a successor science to genomics, and is in part a response to
the growing realisation that the once widespread assumption that causation ran in a linear fashion from DNA
through RNA to proteins is entirely mistaken. Systems biology explores the networks of typically cyclical and
feedbacked causal interactions that constitute the functioning of biological systems. Although research in this
area has yet to reach the point where it is directly applicable to interventions in human biological systems, this
is likely to change. One area that is widely anticipated is the use, in part, of in silico models deriving from
systems biology for the testing and discovery of new drugs.

15. Metagenomics can be seen as a subarea of systems biology. The systems it explores are microbial
communities, reflecting the understanding that microbes generally function not as isolated individuals but
rather as complex communities of cooperating microbes with very complex division of labour. This field has
almost unlimited potential impact on medicine. About 90 per cent of the cells that constitute the functioning
human body are in fact microbial symbionts, and about 99 per cent of the genes in a human body reside in these
microbes. The human microbiome project is now beginning the project of cataloguing these genes. Microbial
symbionts are now understood to be essential for human functioning, in areas including most notably
digestion, immune response, and development. There is growing evidence that gene expression is mutually
modulated by human and symbiotic microbial cells. These developments present nothing less than a
reconceptualisation of what a human body is, and can therefore potentially revolutionise our understanding
of the system that medicine aims to influence.

16. Work in Egenis to date has been concerned primarily with mapping these developments and
communicating to scholars in a range of disciplines (including philosophers of biology) the importance of the
insuYcient attention that has been paid to microbes. Further research is planned by the award holders to
expand this work in the direction of its relevance to medical practice.

Data Use and Interpretation

What are the implications of the generation and storage of genome data on personal data security and privacy, and on
its potential use or abuse in employment and insurance? How should these be addressed?

17. The Committee should have reference to the quality work that has already been undertaken in the area
of data storage, data security and data use in the genomic context.31 Generally, the issues of concern in the
employment and insurance context—which turn on genetic determinism, consent, discrimination, and data
security—have not changed.

Translation

How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation of
such tests?

18. Again, there has been extensive consideration of the ethical, legal, social and practical aspects of this
issue.32

19. In addition to Genes Direct (2003),33 the Human Genetics Commission (HGC) has recently issued a new
report entitled More Genes Direct (2007),34 which identifies key issues in the genetic testing area as (1) pre-
market review of tests, (2) quality assurance of testing services, (3) advertising and promotion controls, and
(4) access to independent, impartial advice on the part of consumers. The HGC rightly identify a need for
stricter controls in this field combined with improved NHS genetics services, and recommends that certain tests
should only be oVered through qualified health professionals. We endorse this position.

20. There are also on-going concerns about international access to, and internet marketing of, genetic tests.
In 2007, the OECD adopted Guidelines aimed at quality assurance, analytic accuracy of tests, and information
provision,35 and EuroGentest is examining the possibility of requiring labs, clinical services and professionals
31 See NuYeld Council, Genetic Screening: Ethical Issues (London: NCB, 1993), chs. 6 and 7 Human Genetics Commission, Whose

Hands On Your Genes? A Discussion Document on the Storage, Protection and Use of Personal Genetic Information (London: HGC,
2001), Human Genetics Commission, Inside Information: Balancing Interests in the Use of Personal Genetic Data (London: HGC,
2002).

32 See ECG, Ethical, Legal and Social Aspects of Genetic Testing: Research, Development and Clinical Applications (Brussels: EU,
2004), and the ongoing work of EuroGentest (http://www.eurogentest.org/), an EU-funded Network of Excellence with a remit of
encouraging harmonisation of standards and practices throughout the EU and beyond.

33 HGC, Genes Direct: Ensuring the EVective Oversight of Genetic Tests Supplied Directly to the Public (London: HGC, 2003).
34 HGC, More Genes Direct: A Report on Developments in the Availability, Marketing and Regulation of Genetic Tests Supplied

Directly to the Public (London: HGC, 2007).
35 OECD, Guidelines for Quality Assurance in Molecular Genetic Testing (Paris: OECD, 2007).
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to be (ISO) accredited.36 Generally, it is recognised that there needs to be accelerated cooperation around
international standardisation of definitions, harmonisation of quality assurance standards, and controls on
advertising and administering tests. Use of the internet makes harmonisation and regulatory cooperation all
the more critical.

21. The above supports the claim that there is still much to do in the regulation of this field and in managing/
rationalising the provision of genetic testing services.

Use of Genomic Information in a Healthcare Setting

How useful will genomic information be as part of individualised medical advice? What provisions are there for ensuring
that the individual will be able to understand and manage genomic information, uncertainty and risk?

Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

22. There is already a plethora of advice and guidance in existence about the handling of medical/genetic data.
We would caution against yet another iteration unless this comes from a suYciently high-level, authoritative
body and is accompanied by a clear explanation of how this new guidance should be read with existing
provisions.

22 April 2008

36 See EuroGentest, Recommendations for Genetic Counselling Related to genetic Testing (Draft 2), 2007.
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Examination of Witnesses

Witnesses: Dr Colin Miles, (Head of Molecular & Cell Biology Branch, Biotechnology & Biological Sciences
Research Council (BBSRC)), Professor Veronica van Heyningen FRS, (Senior scientist, MRC Human
Genetics Unit, Edinburgh), Professor Joyce Tait, (Scientific Adviser to the Economic & Social Research
Council (ESRC) on Innovation in Genomics, University of Edinburgh (representing the ESRC)), Professor

John Dupré, (Director of the ESRC Centre for Genomics in Society, University of Exeter—representing the
Arts & Humanities Research Council (AHRC)) and Dr Declan Mulkeen, (Director, Research and Training,

MRC Head Office, London), examined.

Q1 Chairman: Good afternoon. Can I welcome our
witnesses and also those members of the public who
have joined us. Thank you all for coming. I am
afraid this room is not very satisfactory for such a
session. First of all, you seem to be miles away from
us and unfortunately we cannot bring your table
nearer for technological reasons, I am told. I hope
you can hear me and I will be hoping that these
microphones are eVective. Sometimes they are also
a problem. For the members of the public, you have
some information sheets at the back which give you
information about the inquiry but also about the
interests declared by Members of this inquiry. To
our witnesses, thank you for coming. We note there
has been a change of representation from the MRC
but we welcome you both, Dr Mulkeen and
Professor van Heyningen. You probably caught an
early plane this morning from Edinburgh. Welcome
to the others. There has been no change in your
names. We have known that you were coming. What
I would like to do is for you to introduce yourselves
first and who you represent and if any of you has
an opening statement to make—I do not know if
one of you is going to lead and the others join in,
but we leave it to you as to how you intend to do
that. Then if you want to make any opening
statement, please do so, otherwise we will go
straight into some questions we have for you.
Dr Mulkeen: Thank you very much. I am Declan
Mulkeen. I am the Director of Research and
Training at the Medical Research Council. We had
not decided to make an opening statement. We
thought it was better for you to question us as you
see fit.
Professor van Heyningen: I am Veronica van
Heyningen. I am a research scientist at MRC
Human Genetics Unit and I have been asked by the
MRC to come and represent them, but I work on
human genetics.
Professor Tait: I am Joyce Tait. I am Scientific
Adviser to the ESRC INNOGEN research centre
based in the University of Edinburgh.
Professor Dupré: I am John Dupré. I am a
philosopher of science, particularly biology. I am the
Director of the ESRC Centre for Genomics in
Society (EGENIS), but I am here representing the
AHRC as the grant holder.
Dr Miles: I am Colin Miles and I am Head of
Molecular & Cell Biology for the Biotechnology &
Biological Sciences Research Council.

Q2 Chairman: Thank you very much. Does any one
of you want to make an opening statement? I know
Dr Mulkeen said he did not intend to.
Professor van Heyningen: One thing we have all been
thinking about is that it would be really useful to
have some sort of definition of what is meant by
“genomic medicine”.

Q3 Chairman: Would you like to comment as to
what definition might be more appropriate?
Professor van Heyningen: I think I prefer a broader
definition than just looking at human variation in
relation to disease, because I think all that leads us
into a great deal of important biology which
underlies the disease mechanisms which we need to
explore in much more detail so that the variation
studies which we seem to be talking about in the
questions are just the beginning.

Q4 Chairman: Does anybody else want to comment
on that definition issue?
Professor Tait: I would also prefer a broad
definition.
Professor Dupré: Yes, I think we are all of the same
mind, and of course it is not only that it is very
much the beginning but I think it is very unclear
where the end will be, so we want to leave it as open
as possible.

Q5 Chairman: Thank you very much for that and
for bringing that out. I would like to go back and
start with your submissions, the RCUK submission,
which states that there are significant increasing
opportunities for the translation of genomic
information into improved therapies, and I would
like to pick up on that theme and my questioning
is related to that theme. The question I would like
to ask arising from that is, if that is the case, what
funding is allocated to such research and
particularly to the translation of such research and
are there gaps for missed opportunities in any of the
funding opportunities, and what proportion of this
funding is aimed at the translation of genomic data
into useful information for healthcare and disease
prevention and have the Research Councils done
this ad hoc or have there been calls put out to
support this kind of funding? I know that is a long
question, but I hope you got it all?
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Professor Joyce Tait, Professor John Dupré and Dr Declan Mulkeen

Dr Mulkeen: I wonder if the best thing to do is to
take that in stages. On the question of cross-council
coordination, from previous spending reviews we
have had cross-council lined up strategies on
genomics and genetics which have covered
everything from the need for increased investment
in genomics through to increased investment in
Research Councils in social sciences and legal,
regulatory and economic issues. That coordination
I think has served us well, and from where we see
it there is a good balance of eVort across all the
councils. The submission we gave you included
some figures for spend, I think from BBSRC. The
figure we think would best represent MRC’s level of
investment in genomics would be £50 million as a
narrow definition or £78 million if you include areas
such as the genetics of cell cycle, cell division
control, which you may or may not feel is relevant
to every area of human health research. Within that
£78 million per annum, MRC’s investment has been
concentrated to a fair degree in multi-faceted centres
of excellence, such as the Human Genetics Unit in
Edinburgh, such as Clinical Sciences Centre and
newer centres such as the Genomics and Global
Health Centre in Oxford, and these serve a number
of diVerent functions. They can be important linkers
for activities. The Dominic Kwiatkowski Centre in
Oxford links with infectious disease and global
health research across a wide range of developing
countries. They can be important training and
career development centres and they can provide
resources for other areas. MRC has had a
substantial increase in the last spending review in the
funds available for translational research and we
could say more about that later, but maybe the best
way to structure the answer is for other Research
Councils to say a bit about what their baseline level
of investment in genomics is and what the
activities are.
Professor Tait: Yes, I could say something from the
ESRC perspective about their baseline levels of
investment, but I think before that, picking up this
point about translation, translational medicine and
translational research is becoming a discrete funding
area and particularly the big charitable foundations
have research programmes in translational research,
translational medicine. There is a need to make a
distinction between the process of translation within
the public sector for application in the Health
Service and the process of translation, which is quite
diVerent, in commercial organisations where you are
looking to develop a profitable product at the end
of the day. In Edinburgh we have a cross-college
translational medicine master’s degree being
developed just now and RCUK has also funded
research fellows in translational medicine. So
specifically in translational medicine there has been

quite a lot of activity and it is an important and
enlarging area. I think the Economic and Social
Research Council’s funding of the genomics-related
medical research is within the three genomic centres,
INNOGEN, EGENIS and Cesagen, which averages
out at about £2.7 million per annum, so it is a major
investment for the social sciences. I think it is the
biggest investment in Europe and almost the biggest
in the world. It is very significant and it has really
raised the UK’s profile in this area. On top of that,
the ESRC has specific programmes on stem cells and
synthetic biology and various other specific
technologies which are part of this translation
process. So there is a very significant ESRC
investment.
Professor Dupré: The AHRC does not have ring-
fenced funding in this area, it is just entirely
responsive, but the major investment would be the
centre which Professor Graeme Laurie runs in
Edinburgh, but there is also a grant that I hold and
some of the work is mentioned in AHRC’s report.
These will be the main things which I think they are
currently funding in this area, but there is no ring-
fenced budget.
Dr Miles: From BBSRC’s point of view, being
responsible for the funding of basic biological
research in all types of living organisms, the figures
I have quoted in the submission refer to the gross
level of investment in genomics we have had over
the last few years and the data refers to investment
in lots of diVerent types of organisms, mostly
dedicated through model organisms (of which I have
given examples), but practically none of that
research is involved in translation to human
medicine. It is all about the basic biology of those
organisms and about the technology development
for genomics but none really about translation to
humans.

Q6 Chairman: We are told in other evidence that we
have had that the science of genomics is advancing
at a rate where soon it will be possible to translate
it into healthcare and that therefore the healthcare
delivery systems ought to be preparing for this. Is
there investment made in preparing the healthcare
delivery systems for that, or do you think it is pie
in the sky that genomics and genetics are becoming
so advanced?
Dr Mulkeen: It is certainly moving very quickly, but
we think it is important to make sure that we reap
a number of diVerent benefits from the advances in
genomics. Some of the benefits it will give us will be
about understanding disease mechanisms and
disease pathways in ways we could not understand
before, and the way in which we turn that into a
benefit for health might be a quite conventional way.
It might be another small molecule drug because we
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30 April 2008 Dr Colin Miles, Professor Veronica van Heyningen FRS,
Professor Joyce Tait, Professor John Dupré and Dr Declan Mulkeen

now understand how the network of genetic
influences turns into a disease mechanism. There
will be other areas, say, in assessing the
environmental risk. We have seen the impact of
genomics on psychiatric genetics and the ability to
understand how individual variations will influence
the risk of cannabis and psychosis being linked, and
there will be advances in drug safety science and
toxicology. Then there will be areas where we can
use what we learn in genomics to better characterise
some types of disease and decide which treatments
are appropriate. There will be areas where we can
use that to identify risk and perhaps target screening
and preventative measures of those most at risk.
Then there will probably be a smaller subset where
there will be therapies tailored from their first design
stage to address a particular genetic sub-group of
the population. There are projects which MRC
supports in the Human Genetics Unit which are
starting to move to link genomic approaches to
selective screening for colorectal cancer. The number
of lines of research which have reached this stage of
maturity is quite small still though.

Q7 Chairman: So when you said earlier on that the
investment for MRC is £50 million, is this broken
down into the diVerent categories you have just
mentioned, or is it in one key area?
Dr Mulkeen: Most of the research we are doing in
that £50 million could have benefits in all of those
areas. Once you understand the network of genes
and eVects, you can translate that. You have a lot
of opportunities to translate that.
Professor van Heyningen: At the moment, I think a
lot of disease association studies, the genome-wide
association studies, are finding associations with
single genes but many single genes and we still do
not understand how all those work together so that
things like predicting risk are still a little way oV. I
think there is still a lot of work to be done and some
of that is going to involve quite a lot of computing
power, which I understand from one of my
colleagues, Malcolm Dunlop (who is a colon cancer
specialist and has done a lot of this work), is not
available in Britain or Europe to get all those
comparisons and interactions analysed.

Q8 Chairman: So what timescale might we be
thinking about? A quick guess.
Professor van Heyningen: Ten, fifteen years.
Professor Dupré: There is some use of polygenic
genetic testing sort of at the medical coalface and
which we have done some research on. It is evident
there are some real challenges in getting medical
practitioners even to kind of understand how best
to do this. We have looked at one gene, which is the
susceptibility gene for thrombophilia and we found

that a lot of people who have had tests of this kind
did not actually know they had had a genetic test.
There was a big socioeconomic class relation to how
much people had understood what was going on.
We have also been looking at the use of family
history, which in many ways now is actually a much
more eVective way of looking at genetic
susceptibility for polygenic disease, and there again
have found there is a great deal of variation in the
kind of ways this information is processed, what
kind of questions are asked, how they are
understood, how the relevance of this has been
communicated to patients. I think there is quite a
bit that could be done before major medical
technologies come on-stream in terms of seeing what
happens at the patient-physician interface.

Q9 Lord Sutherland of Houndwood: You mentioned
looking at the family history there. Is this being
done systematically? I know about the Generation
Scotland initiative in the four centres in Scotland.
Are there other centres of that kind focusing on
family history particularly?
Professor Dupré: I am not aware of it being used in
a systematic way, but other panellists may be. We
are exploring the possibilities for its use.
Professor van Heyningen: In the colon cancer studies
which are being done in Edinburgh they certainly
get the initial entry into the system by having colon
cancer at an early age, but then the families are
investigated in some detail. So this is a sort of
progressive analysis of risk and prospective risk as
well in some cases.

Q10 Lord Sutherland of Houndwood: So that will be
done after diagnosis rather than a national type
survey?
Professor van Heyningen: Yes. They come in through
being aVected and then, partly because the family
information is so readily available in Scotland, they
follow them up.
Professor Dupré: What we are looking at is
prospective cardiovascular disease and there is a
very good indication that this is helpful as part of
a general risk assessment, but how you use it is open
to some debate.

Q11 Baroness Finlay of LlandaV: I think my
question focuses a little bit on your later answers,
because I wanted to ask you about diagnostics. The
diagnostic industry is playing an increasingly
important role in the translation of laboratory-
based research into practical and cost-eVective tests
for clinically relevant genetic variations. I wonder if
you could tell the Committee how the Research
Councils themselves are supporting research into
this area and if you can give us some examples of
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specific projects which are being funded by the
Research Councils rather than those which are being
generated through industry?
Dr Mulkeen: I will say a little bit and I think Colin
will want to say a bit as well. We have issued over
the last 24 months two calls for proposals on
biomarkers looking at academic groups, hopefully
in collaboration with industry in many areas, which
can bring forward proposals for identifying ways of
either identifying disease at an early stage or for
monitoring the progression of disease and response
to treatment. It is important to remember, though,
that very often genetic understanding will lead us to
understand the mechanisms of disease, that the right
tests or the most economical and robust tests may be
based on a bio-chemical or some other downstream
consequence of having that genetic trait. So the
number of biomarker projects which involve
collaboration with industry on genetic tests rather
than other tests is quite a small proportion of the
total. Certainly what we are hoping to do is to get
more and more industry interaction in this area, and
with the increase in money we have got for
translational research, diagnostics as well as therapy
will be a key area for us.
Dr Miles: Although BBSRC has no current
examples where we have got projects with the
express intention of developing diagnostics, in the
quite recent past we have supported a link
programme with the MRC, called Applied
Genomics Link, and the link programme, as you
may be aware, is one where the companies and the
public sector fund projects on a 50:50 basis. There
is a number of those projects which might eventually
feed through into diagnostic tests. Rather than go
into each one of those individual programmes, what
I have done is I have printed out some information
for you and I will leave this for you at the end. It
describes half a dozen projects where there might be
the development or leading to the development of a
diagnostic test with the company, and all the
companies involved in these seem to be SMEs. That
is just for your information, but I shall leave that
for you.

Q12 Baroness Finlay of LlandaV: Just thinking
ahead and trying to be predictive, given that the
biomarkers are probably much easier and more
defined to pick up and your comment, Professor van
Heyningen, of not having the computing facilities to
really do the complex genomics, do you think that
genomics are realistically going to be part of future
diagnostic research or do you think we will actually
be looking at the understanding of the gene and
then the biomarker that comes from it being a more
refined test in terms of clinical diagnosis?

Professor van Heyningen: I think probably under
diVerent circumstances for diVerent diseases both of
those scenarios will be correct, that in some cases
we are going to have to carry on looking at the level
of the gene, at DNA, but in other cases I think it
will be much better to go back to perhaps very old-
fashioned biomarkers, which can often distil the
eVect of multiple genes but actually it is the
biomarker level that is the critical one. So I think the
new knowledge is going to allow us to understand in
much more detail what it is that we should be
looking at, at relatively simple diagnostic levels in
many cases but not in every case.
Dr Mulkeen: In looking at the overall landscape of
the UK science base and its interaction with
industry, I think we would certainly agree that this
is an area where there is a lot of, as yet, unrealised
potential both in genetic technology, biomarkers
and other markers. It is an area where we would
really like to see a lot more academic industry
collaboration in the coming years.
Baroness Finlay of LlandaV: Thank you.

Q13 Lord Sutherland of Houndwood: I want to go
back really to the Chairman’s opening question
about funding, but to expand that a little bit. That
was specifically on translational research. The
RCUK have told us that they believe significant
levels of investment are required for relevant
development of our biomedical capacity in this
country, which we all recognise is very high. We have
a very good reputation for our work in biomedical
and biological sciences. The question is, RCUK
have told us the investment is needed. Apart from
asking for more money from RCUK, what are the
Research Councils doing about this?
Dr Mulkeen: It is worth highlighting a few of the
areas where we see the money going in the future.
Continuing to build multidisciplinary and
multifaceted centres of excellence and to keep the
strengths we have got will be key. The whole genome
association studies which MRC has funded and
Wellcome has funded on a larger scale have put the
UK in a very strong position. They create an
opportunity and a need to follow through with more
detailed sequencing using new generation
technologies, and then, following on from that,
more work on the biological function of disease.
From an MRC and also an NIHR point of view
there is a need to build up not just very large
population sample bases and very large cohorts but
also smaller, intensively phenotyped patient cohorts,
because only by having the balance of both will we
be able to really tease apart the networks of eVects
that we are looking for. There is a lot to be done
on informatics and on human capacity and skills in
these areas.
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Q14 Lord Sutherland of Houndwood: Can I just
push on informatics, because again Professor van
Heyningen raised this question quoting Malcolm
Dunlop? One of the things which concerns us,
obviously, is competitiveness and we look across the
Atlantic and the volume of cash being spent in the
USA far outstrips anything here, so we have got to
be quick on our feet. Is there, for example, an
informatics gap there that we need to think about
plugging?
Professor van Heyningen: I do not fully know what
funding is available for informatics. All I heard from
Malcolm Dunlop was that they have got all the data
with new single gene association—and this is a
European project—and there is not a computer even
in Europe which can cope with the volume of
association analyses which need to be done. He says
that they have to put on some data and then take
some oV in order to be able to look at the
associations. But I do not know where the money is
coming from or what plans there are to expand all
this, but I wanted to flag it up, obviously.
Dr Mulkeen: Both MRC and BBSRC had good
settlements in the last spending review and we are
very grateful for that, and we will be reviewing with
some input from BBSRC how we help our research
computer access some of the newer high-cost
technologies. On informatics, there are important
issues around coordination and cooperation as well
and the skills base. That brings us on to areas like
Connecting for Health, but it might be that, Colin,
you wanted to come in on that.
Dr Miles: I was going to start at a very broad level
and say that to me there are things which RCUK
needs to do for the Government, if you like, to
sustain the input of funding which is going on at the
moment. It seems to me that there are three essential
things which the RCUK needs to achieve. First of
all, we need to maintain our ability to identify and
exploit new areas of scientific opportunity. That
seems to be one of the main things, if you like, of
having a research-led organisation. We all have our
own strategy panels, we all have our own
committees whose job it is to do just that, and we
have long-term visions and strategies, and we have
ideas which have come out of that. In the
submission you will have read about systems
biology as an example of a new area which is coming
out and you may also have read about synthetic
biology, which at the moment is a new emerging
area, one which is just about coming to the fore
ready for research grant support for the Councils.
We also have to respond to the needs of government,
providing a strong research and training base, and
that is desirable because not only does it oVer the
opportunity to answer and address some of the
questions the Government has and to provide

advice and input to the Government, but also it is
an opportunity to attract investment from the
private sector, particularly external investment from
the private sector, if we create the UK as a good
place to do scientific research. I guess the final part
from this is encouraging the development of a
broader skills base to encourage people to think
about how they might exploit the research, the
results they are producing.
Professor Tait: Could I just add to that? The
Economic and Social Research Council has just
extended the funding of its genomics network
through to 2012, so our funding is secured and we
are actually going to continue to do very useful
parallel work on the socio- economic and ethical
aspects of these new technologies as they come
forward.

Q15 Lord Sutherland of Houndwood: Whose
responsibility is it to bring thinking together on this?
Is it RCUK, whatever, this great body maybe, is it
the director-general of Research Councils, is it the
departments, or do you just have to get together as
a good idea occurs?
Dr Mulkeen: The first responsibility is for Research
Councils to get together sort of in twos, threes, fours
or fives, as needed to address the question, and that
is how most of the job gets done. From time to time
around big spending reviews there are very big cross-
cutting issues. RCUK will facilitate that process.

Q16 Lord Sutherland of Houndwood: So if you need
a big enough computer, no one of you will
provide that?
Professor Tait: Could I just add, from the point of
the individual researchers at the academic end of the
scale it is actually proving increasingly easy to
collaborate with other kinds of researchers, so as
social scientists it is increasingly easy to collaborate
with medical and natural scientists and there are
schemes which cross the Research Councils that we
can apply to, and that is an increasingly improving
situation.
Lord Sutherland of Houndwood: Good. Thank you.

Q17 Baroness Finlay of LlandaV: I just wanted to
go slightly lateral to that but picking up on previous
responses from both Dr Mulkeen and Dr Miles.
With this investment and with partnership, how
much of that do you envisage providing financial
returns to the UK from developments in the long-
term, because one of the problems with some aspects
of industry is that actually their main basis and their
shareholder basis and profits basis is outside the
UK? So whilst we might do very high quality
research and go into partnership with them for
developing, when it actually comes to providing a
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commercial product the UK seems remarkably thin
on seeing some of the profit from that very major
investment, particularly when there needs to be
money back into the system over something like a
major IT investment.
Dr Mulkeen: On the whole the biomedical sector
seems to have a good track record in turning UK
science into high-skill and high-tech jobs in the UK
and contributing to the balance of payments and we
would hope that by investing in the way we are
doing we would keep the UK as one of the best
places in the world to engage in research in this area,
and there are certainly opportunities. There are, of
course, many major biomedical companies which
are not yet investing in the UK as much as they
could, but I think we have a good track record here
and scope to pull in even more interest over the
next decade.

Q18 Baroness Finlay of LlandaV: But does our
legislative framework work counter to that and our
regulatory framework on research?
Dr Mulkeen: I should probably hand over to
colleagues from other Research Councils there.
From where I sit, I do not have detailed involvement
in the regulatory issues. I do know that other
countries, including the USA, worry about their
regulatory framework as well, so I would not say
that the UK was the only country in the world
which had anxiety about how encouraging its
regulatory framework was in this area.
Professor Tait: I can comment a little bit on the
regulation and its impact at two diVerent stages.
There is the increasing tendency for biological
sciences to regulate the research itself and in that
kind of area there are increasing concerns about the
lack of coordination of various kinds of ethical
requirements and permissions which have to be
acquired before one can even begin to do the
research. Veronica has already mentioned that
making an even modest change in an existing
programme maybe to catch up with some new
science which has emerged requires going right back
to the beginning again, to the ethical processes. So
if we are talking about the research, then I think
there are things we can do to make it easier and
more productive to do the research. I think there is
another whole question about how one regulates the
outcomes of the research as it is developed into
products. I do not know if you want me to go into
that just now or to save that until later.
Chairman: We will at some stage go into that.

Q19 Lord Colwyn: I want to ask you what the
MRC have done to support national activities in
genomics since the closure of the Human Genome
Mapping Project in Hinxton and whether in fact it

is important that we do do something in view of the
superior spending in the States. Is it important that
we do carry on with the work?
Dr Mulkeen: The MRC’s investment, and I think
BBSRC’s investment as well, in genomics has been
increasing steadily over the last decade. The volume
of training in bioinformatics, the degree to which we
are supporting links between genomics and clinical
medicine, the investment in large population cohorts
and increasingly small, well-phenotyped cohorts and
the development of methodologies for analysing and
interpreting genetic data are all areas where we have
seen a lot of growth. The centres of excellence that
we support, such as the Human Genetics Unit, our
centres in Oxford, provide a very strong
coordinating role and they often collaborate very
actively across the UK, often brokering
international collaborations. So we see it as quite a
tightly knit community with very good cross-linkage
between the various centres and a very good
collective understanding of what is needed next to
move the research forward.
Professor van Heyningen: There are really many areas
where the MRC has very new initiatives but also
ongoing ones, but, for example, some new ones to
set up, an MRC centre in cognitive aging and
cognitive epidemiology.
Chairman: I am afraid there is a vote called, so we
will have to stop while the Members go and vote.

The Committee suspended from 4.15pm to 4.23 pm for
a division in the House

Q20 Chairman: Can I say that I think we can safely
resume again. I think I stopped you in your tracks,
Professor van Heyningen.
Professor van Heyningen: I think we were talking
about what MRC has done since the end of the
Human Genome Mapping Project. In addition to
supporting several units of relevance to the broader
genomic studies, for example the MRC Human
Genetics Unit but also the Mammalian Genetics
Unit at Harwell and Functional Genetics Unit in
Oxford and many other individual grants, and there
is an MRC Biostatistics Unit and Public Health
Sciences which also all feed into the design of
experiments and the way in which we use the
information for public health sciences. As I say, they
have just established a centre for cognitive aging and
cognitive epidemiology under Ian Dreary in
Edinburgh.

Q21 Chairman: Do you all feel that the current
investment in genomic science is at the level that is
required on the basis that science is advancing?
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Professor van Heyningen: No, I did not say that.
Lord Sutherland of Houndwood: It would surprise us
if you did.

Q22 Chairman: You were trying to convince me, I
thought, there?
Professor van Heyningen: No, I think there is a lot
more to do.

Q23 Chairman: I was trying to get you oV speaking
for MRC and get you on to speaking as a scientist.
Professor van Heyningen: As a scientist, I think there
is going to be a very great requirement for
sequencing technologies and for the use of arrays in
order to analyse patient samples now, individual
patient samples, and I do not think we have got the
capacity for that in the UK at the moment.

Q24 Chairman: Is it the capacity that we need to
address?
Professor van Heyningen: Yes. It is quite expensive at
the moment, but the price will come down. But as
the price comes down, there will be more and more
calls to use the technologies, so ultimately I think it
is going to be quite a lot of money.

Q25 Lord Colwyn: Is the cooperation such that
there is no duplication of work in diVerent centres?
Professor van Heyningen: I am not sure I am fully
conversant with that. There is a great deal of
cooperation and collaboration between diVerent
centres, especially in the clinical genetics area and
the use of patient samples. I think the UK really has
a very strong record in the collection cohorts
nationwide and that is partly because we have a very
good general health service system and we can
identify patients on a broad front, but the optimal
patients and families are collected and have been
collected for a long time, and once collected if they
are collected well they can be used again and again
and really you get much more benefit from studying
some of the same cases again as more information
comes up, so that you can go back to families. There
again, I think some of the legislative aspects might
need to be looked at because sometimes it is quite
diYcult to go back to families. Even though I think
the families themselves very much want it, we are
debarred from that by the kind of ethics permission
which we receive.

Q26 Lord Colwyn: Having been involved with
biotechnology and aware of the hundreds of
thousands of pounds, millions of pounds which are
spent on patents, can you remind me of the situation
on patenting genomic information? Is it patentable?

Professor van Heyningen: Well, yes. Malcolm Dunlop
told me that they have patented (I suppose through
Cancer Research UK because he gets quite a lot of
funding from them) all the genes which he has just
been involved in identifying. Actually, I talk about
Malcolm Dunlop because I know him, but it is a
big, big collaboration, an international
collaboration. There is certainly a European arm,
but he also interacts widely with North American
researchers and I guess they have patented these
genes which they have identified together.

Q27 Lord Colwyn: That is something you have to
accept?
Dr Mulkeen: Patenting in the context of a function
rather than patenting simply because I have
discovered this?
Professor van Heyningen: Oh, yes, the function.
Dr Mulkeen: If you are at the stage where people
are patenting it at the moment of discovery without
knowing what it was going to be used for, that
would be a huge obstruction to progress.
Professor Dupré: I just want to comment on that.
There is a real problem with patenting genes. So
much of the tendency of the scientific development
over the last few decades has been moving away
from the notion that there is a thing there which has
a linear sequence of consequences, so that when you
identify the function you finally know what that
gene is. Now we have realised that genes are just
resources which are used in sometimes thousands of
diVerent ways in the body. So there really is a very
serious problem of creating obstacles to research by
patenting, by intellectual property in bits at the
bottom of the process. So I think there are real
issues about how intellectual property should
function that we really have not got very good
answers to as yet.
Chairman: We might come to that in greater depth.

Q28 Baroness Finlay of LlandaV: I wonder if I
could ask about biobanks, because their aim is to
increase the knowledge of genetic and
environmental issues and how they interact in health
and disease and the hope is that this will underpin
discovery of new ways to treat diVerent conditions.
I just wondered for which classes of diseases you
envisage there will be new ways of prevention and
treatment revealed and under what kind of
timescale, and linked to that it would be helpful to
know whether you feel there are any gaps in the
legal and regulatory framework governing biobanks
at the moment, either to help or hinder that process?
Is there a need to unify common law and legislation
on consent, privacy and benefit sharing?
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Dr Mulkeen: Can I maybe start with the question of
the scope of biobanks? MRC along with the
Wellcome Trust and health departments is
sponsoring Biobank (with a capital B), which is the
first and largest of the world’s initiatives in the area.
It has got a target of half a million and it has passed
the 100,000 mark after a year of recruitment. There
are dozens, in fact hundreds of smaller scale
collections which are very important and focused on
individual diseases. The pooling of those, because
some of them are historical collectors, is a very
important issue. We need to invest significantly more
in helping researchers who have those collections to
pool, because the way you might curate and
annotate disease types of information and the way
you might have done the tests on your cohort or
your biobank might be diVerent to those of the
research group you want to collaborate with. It is
hard to point to an area of human medicine that will
not benefit from access to either DNA collections or
pathological specimens, or repositories of infectious
disease strains.

Q29 Baroness Finlay of LlandaV: I want to explore
the regulatory frameworks when this coming
together happens and then whether people have to
go right back to the beginning again, and consent
issues, and so on.
Dr Mulkeen: I will hand over to Joyce.
Professor Tait: I think there are several issues in
these areas, particularly in biobanks and, I think,
the challenge of getting the right balance between
protecting the privacy of the individual and enabling
the public benefit that is there to emerge, and
certainly Graeme Laurie has contributed to the
AHRC Centre’s submission, pointing out that in the
committee the chairs in Scotland is trying much
more to get that balance right with a view to
maximising the public benefit that arises from a
genetic databank, whereas the committee which has
a similar function in England is tending more
towards the protection of the privacy of the
individual. Both are equally valid aims and there is
pressure for both, and I think it is something which
needs to be considered rather than saying one is
right and one is wrong. It would be very interesting
to look at that comparison and see where the
balance of benefit arises given the two diVerent ways
of approaching it.

Q30 Chairman: I would like to move on to the
funding for translation and the new systems put in
place, for instance the OYce for Strategic
Coordination of Health Research (commonly
known as OSCHR). That is established to try and
translate health research into healthcare and health
economics. So the question therefore relates to

whether that has altered in any way the funding of
the funding councils now that there is another
stream of funding. Also, originally it was the
Department of Health and the old DTI which were
jointly responsible but now the DTI does not exist.
Has that produced a gap in the policy formulation
or in the managing of this, and are there tensions
when setting priorities for spending on genomics
and other health research areas between OSCHR,
MRC and the National Institute for Health
Research?
Dr Mulkeen: It is a complicated question. I will deal
with the last part first. The level at which we
discussed priorities with OSCHR at the time of the
last spending review and the level at which we are
discussing priorities with OSCHR does not go down
to the question of, for example, the balance between
MRC spend on clinical and population genetics
versus mass models, and so on. There are certainly
tensions. As you have heard, there are lots of things
we ought ideally to be spending more on in the UK
and there are diYcult prioritisation decisions, but
most of those are within MRC. Going back to what
OSCHR has changed, I would highlight two main
things. One is on informatics coordination, not so
much the question of raw computing power to
support bioinformatics and association and
modelling of genes in system, but at the Connecting
for Health end and radiating out from Connecting
for Health, where under UKCRC coordination and
latterly under OSCHR there is a committee which
Ian Diamond, the Chief Executive of ESRC, chairs
looking at the scope for e-health records research
and looking at what are the foreseeable uses of the
Connecting for Health initiative in research,
especially in areas like patient outcomes,
surveillance, extracts of information for
epidemiology, and then charging a second group led
by Alex Markham called the Connecting for Health
Research Capability Programme with developing
those. That is well funded by the Department for
Health. You might want to check the exact figure
with them, but I think it is in the region of £50
million available for developing those aspects of
Connecting for Health. The area we are now talking
about looking at, together with the National
Institute for Health Research, which I think will
become a major issue for all of us in medical
research over the next year or two, is the more
translational area of informatics, looking at how we
provide the support systems and expertise which will
draw together proteomic, genomic, all the other
“omic” data with the data around intensely
phenotyped subgroups of patients the richer
datasets that you would not reasonably expect to go
into Connecting for Health and making sure that
that network of information can connect well with
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Connecting for Health when appropriate and can be
exploited well in clinical trials informatics. I would
highlight that as one of the areas where we probably
will need to spend quite a lot more over the next
couple of years. The other area where OSCHR has
made a huge diVerence, of course, is in helping the
Treasury decide to put a lot more money into
translational and experimental medicine. That has
helped us fund the second of the calls for
biomarkers that I mentioned. It has helped us fund
the initiative which has just completed on
intensively phenotyped patient subgroups and it is
also helping fund the developmental pathway
scheme which will be launched tonight actually,
which will provide more milestone-based funding
for medical researchers who want to move new ideas
further into clinical application or to add value to
them to get them exploited. That scheme should be
particularly useful in helping translation in the more
complex areas or areas which are higher risk because
they are scientifically innovative and not necessarily
the most popular area for private sector investment
at this stage but which might be very important in
the future. Those will be the two main areas where,
as I say, OSCHR has made a diVerence in the first
year. There is more to come.
Chairman: Thank you very much.

Q31 Baroness Perry of Southwark: I am sure you
recognise that to the ordinary public the most
important thing is whether all this genomic medicine
will actually translate into interventions which will
help their own health. My question really is, how
will the Research Councils evaluate whether any
newly identified low penetrance susceptibility genes
will be useful in identifying these practical
interventions?
Professor van Heyningen: I think this is a very diYcult
area because we are so much at the beginning of this
adventure in a way. As I say, it is going to be some
time in most disease areas before we can use the
collected data to give any sort of risk assessment to
individual patients because there are so many genes
involved in common diseases. I myself work on
much more simple Mendelian diseases and there we
are using genomic information to tell people what
causes their disease at a much higher rate, but those
are much less frequent abnormality diseases. So I
think for common disease I am sure that the whole
synthesis of the interacting pathways will give a lot
of information. I do not know how we are going to
gauge the eYcacy of the advice which can be given
to patients. I think there will be new approaches to
disease management, therapy, but also prevention,
and of course interaction with the environment is a
major aspect of all this. So I actually think that a
lot of the eVort is going to have to be at the social

science level, because we can already tell people that
they are at increased risk if they smoke, but it has
taken about 50 years until we have abolished
smoking in public places, so the timescale is much
longer than one expects.

Q32 Baroness Perry of Southwark: Do you think
there is a danger that people will find this new
development the answer to all their problems, that
they will not have to bother with lifestyle and
environmental issues and that scientists will sort it
all out for them, so to speak? How are you going
to tackle that as Research Councils?
Professor van Heyningen: I think that is a real danger,
but it might not be a task for the Research Council.
I really think that early education and getting
information—not indoctrination but really trying to
get people to understand from an early stage how
important lifestyle is, that would be very useful.
Professor Tait: The ESRC does have some research
from the Cesagen centre which it set up indicating
that if a person is informed about their genetic
predisposition to a disease and about the lifestyle
changes they can undertake, they are much more
likely to seek medical solutions to their problem
rather than lifestyle changes. So they are more likely
to want a pill to fix this problem than to say, “I will
change my lifestyle.”

Q33 Chairman: So how do you change that
perception?
Professor Tait: I think Veronica is right. I think at
the school level, if you can get to pupils. It is not
really the Research Councils’ function to spend a lot
of time and eVort on this, although we do quite a
bit of it. I think a concerted eVort to get to the
young people early –

Q34 Chairman: But it is your function to try and
change the policy?
Professor Tait: Yes, exactly.
Professor van Heyningen: Yes.

Q35 Chairman: So what are you saying about what
changes in the policy are required, or regulatory
policies required?
Professor Tait: I do not myself know enough about
education at the school level to say how that needs
to change, but I do think there are changes which
could be made in terms of how you make the science
that people are learning relevant to their everyday
lives and teach them science in the context of their
own lives in a way in which they can then connect
with it and make changes and maybe also change
their parents’ lifestyles as well to some extent.
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Professor van Heyningen: I was going to add that I
think there is a perception around, which is
obviously not very well informed, that the drugs can
cope with everything, but most of us around here
know that there are no drugs which do not have
some side-eVects. Aspirin has been around for a
long time. It has lots of beneficial eVects, but it still
has dangerous side-eVects and you cannot just take
even aspirin on a routine basis. I think most of the
population just do not understand this, but I do not
know how the MRC is empowered really to tackle
these aspects of popular perception.

Q36 Chairman: No, the MRC might not be, but the
question is whether you feel it is important that
somebody tackles it?
Professor van Heyningen: Yes, definitely.
Professor Tait: Yes.
Professor Dupré: You should not assume that there
really is a very good solution to this problem and
partly, I suppose, we have to be careful in assuming
what people actually want to get out of this. I think
we have this situation really with statins. I think it
is pretty clear that people do take statins as an
excuse for not moderating their diet and it may not
be anything that a medical expert would
recommend, but it still may actually be something
that people are making rational decisions about in
a certain sense.

Q37 Chairman: But we did make it freely available,
did we not?
Professor Dupré: Obviously, yes. That is something
that we could consider.
Dr Mulkeen: Could I just add on the point of there
being no easy solutions to the question of behaviour
change, in 10, 15 or 20 years’ time, or whenever
large scale use of genomic-based tests becomes part
of healthcare, the costs of gathering the genetic
information will be much lower than the costs of
actually interpreting it, which in turn will be lower
than the cost of communicating that to the patient
in a useful way. What Research Councils can do is
help to build up not just the sociological side that
understands how people react to this information,
but also perhaps some of the methodologies that
will allow healthcare systems to choose where it is
worthwhile doing this. You could imagine a failure
of translation which was not about not having
information but being swamped by information
with a lot of unnecessary test being done which were
not actually at the end of the day improving people’s
lives and prioritising in the smartest way is going to
be quite a challenge over the next 20 years.

Q38 Chairman: What the Research Councils can
do, should do or will do?

Dr Mulkeen: We will certainly be building up the area
of methodology and one of the other challenges
which OSCHR has given MRC is to develop a new
methodology research programme which will not just
meet the needs of MRC science but will be able to
meet the needs of NICE, MHRA and industry, and
we expect that as we consult on what questions
people are going to need help with areas like this will
be pretty high up the priority list.

Q39 Baroness Perry of Southwark: Is there not for
the research community, and the medical research
community particularly, an ethical problem for you
in that you need to in a sense convince the public in
order to continue to get funding from Government,
which responds to public pressure, that there is a
magic pill or a magic solution, or a magic genetic
finding which is going to solve all their problems,
while at the same time you are conscious yourselves
that this is not going to be the answer to everything?
You have a kind of balance of ethical diYculties for
yourselves, do you not, here?
Professor van Heyningen: Yes.
Dr Mulkeen: We try very hard in our communications
policy to avoid what you see in some other countries
where every time a new gene is discovered researchers
are under pressure to rush out and sell this to the
public and the media as the breakthrough that will
solve all the problems. I think, looking at
comparisons around the country, we do a pretty good
job in the MRC and across the Research Councils of
moderating that expectation.
Baroness Perry of Southwark: The media still tends to
translate it into solutions only a year away!

Q40 Lord Sutherland of Houndwood: Clearly,
knowledge carries responsibility. You know you have
responsibilities, what you do with that power. I want
to move on to the electronic storage of medical
information and clearly for genomic studies that has
a very important potential. I do not want to ask you
at the moment—we will probably move on to this—
about the ethical and legal issues because these are
clearly very important, but just to start with the
technicalities. How this information is recorded and
how it is made available will clearly have a big impact
on your capacity to do the kind of research and
answer the questions you want. I just wondered
where, if at all, are discussions taking place between
the research community, whether it is RCUK, and,
say, the NHS or the Department of Health on this,
because clearly there is a common interest in getting
the interface right?
Dr Mulkeen: I was explaining the OSCHR
programme of work around e-health. Part of that,
which will move us forward quite a lot, is that we are
starting with a map. Quite a lot has been invested in
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technology, the development of skills in this area. For
example, there was a Cross-Research Council e-
Science initiative three or four years ago that EPSRC,
BBSRC and MRC have participated in. What we
need to do is map that, map other initiatives that have
happened in individual centres of excellence and start
to identify gaps, best practice and future investment
needs.

Q41 Lord Sutherland of Houndwood: But it is not
just the centres of excellence. When I see my GP
tapping away when I talk it makes me think, “What
am I saying to him?” But at that level they are all
recording information and is anything being done to
ensure that that is user-friendly?
Professor Tait: I do not know enough about this.
Dr Mulkeen: Within Connecting for Health that data
says a lot has been done but, as I mentioned earlier,
as you move down to some of the smaller scale
activities we need to think not just about the IT
system but about the time and expert input needed to
curate these well so that when you see a series of test
results in ten years’ time you know what the test was,
not just the results.
Professor Tait: There is another initiative, the UK
Clinical Research Collaboration, where the ESRC,
MRC and the Department of Health are
collaborating with, among other things, the aim of
making sure that this kind of question is addressed
across these institutions.

Q42 Lord Sutherland of Houndwood: Is it having
beneficial results, this collaboration?
Professor Tait: I am not sure if there are any beneficial
outcomes yet. It has been going for about two and a
half years.

Q43 Lord Sutherland of Houndwood: By “results” I
do not mean cures, I mean that actually people are
doing the right thing?
Professor Tait: I think people are beginning to do the
right thing. I am not sure there are any concrete
outcomes.
Dr Mulkeen: The National Cancer Research Institute
got oV the starting blocks a couple of years before the
UKCRC and in its focused area of cancer it is seeing
real benefits in the way data is curated and shared in
particular. Sharing, of course, does raise some ethical
issues as well as practical information.
Lord Sutherland of Houndwood: Indeed, yes. Thank
you.

Q44 Baroness Perry of Southwark: In the RCUK’s
submission we were told that one of their concerns is
that the rate of change in scientific areas of research
is going to far outpace the governance, legal and
ethical-related research. Can you tell us how

academic, legal and social science research feeds into
policy making? You yourselves have said how
important it is to have these areas still funded
generously. The ESRC and AHRC I am sure have a
view on this. How does it happen at the moment?
How does it feed into policy?
Professor Tait: It is feeding into policy partly because
we are very strongly encouraged and motivated by
various performance measures from ESRC to do just
that, so it is very much in our interests to do that, but
we are also a fairly pragmatic research group that
wants to see the outcomes of our research applied in
practice. So we have been contributing the outputs of
our research on the interactions between innovation
and regulation and the impact of regulation on
slowing down the innovation process and completely
structuring the commercial sector in a way which is
sometimes counter-functional. We have been feeding
that into, for example, the OECD. We have done one
or two reports for them. We are talking tomorrow to
three of the major multinational companies in the
UK about how we can get this kind of question
addressed as to how would you eVect change within
the regulatory system that might be constructive.
Professor Dupré: As Professor Tait just mentioned, it
is something we are very strongly urged and
motivated to do, and quite rightly, but there is a
problem in some of the kind of work we do in that it
is just exceedingly diYcult to measure these kinds of
impacts. It is easy enough to talk to people, just as we
are talking here, but demonstrating exactly—
particularly I am representing here the work I am
doing for AHRC, which is analysis of the
development of the science. I think there are many
ways in which that filters down and I have interaction
with colleagues at BBSRC which I hope is productive
and I hope eventually that has policy relevance and
economic impacts in terms of possibly benefiting that
work, but to trace that down and see exactly what
diVerence it makes is very diYcult. So I think there
are real problems in answering this kind of question,
but we spend a lot of time thinking about it.

Q45 Baroness Perry of Southwark: Is there a project
anywhere which is looking at the kind of regulatory
mechanisms that would work in the future or would
be desirable in the future?
Professor Tait: I think on what would work and what
would be desirable, one of our conclusions from
earlier research about six years ago was that carrots
work better than sticks, incentives work better than
disincentives, so you will get change in industry
behaviour much more quickly if you give them
incentives to do something desirable rather than a
disincentive to do something undesirable. The other
key factor in this was that if you have a blanket
regulatory approach which applied equally across all
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products regardless of the properties of those
products, that is much less beneficial than one which
discriminates among products on the basis of their
properties. You see that in drug development where
fast tracks have been developed for drugs with
particularly publicly desirable properties. The
Orphan Drug Act is another example of that
operating very eVectively, but what we would say is
that all of that makes it easier for multinational
companies to develop the kinds of products which the
public wants to see coming out of the multinational
companies. It does not yet free up the regulatory
system in a way which allow a small company to take
a product all the way through to market and would
allow the much more innovative lifestyle sector more
in comparison with information and communication
technology. If you look at the diVerence over the last
50 years in the various revolutions, the technology
revolutions which have happened in information
technology, and compare that with the initial promise
of the life sciences and the really rather modest
outcomes that have happened as a result of all this
public investment, our conclusion is that it is the very
onerous, long-term and expensive regulatory
system—which means that only a big multinational
company can aVord to develop the technology, which
means that their strategies can rule the roost and any
small company which has got an alternative way of
doing something or something that would maybe
undermine the pharmaceutical industry market has
very little chance of taking an innovative product
through to market. I think the key to changing that is
a much more fundamental revision of the regulatory
system, and that is what we would like to talk about.

Q46 Baroness Perry of Southwark: Are you quoting
from a specific study which was done?
Professor Tait: It is a whole series of studies we have
done, talking to small companies about how
innovation takes place, what their aspirations are and
what they would really like to do. We have been doing
that with agrochemical companies, then biotech
companies and now pharmaceutical companies. You
talk to small companies and their aspiration is to be
bought up by a multinational at the end of the day.
That is what they are aiming for. They are not aiming
to grow big themselves, and it is a big problem in the
life sciences.

Q47 Baroness Perry of Southwark: I think we would
find it very helpful if you could point us to some
references to that.
Professor Tait: There is in the Research Councils UK
submission a list of references, yes.

Q48 Chairman: You have several references. Can I
go to this issue: there are obviously possible beneficial
and detrimental impacts of genetic tests and yes, the
Research Councils’ business is to promote science
research and not maybe go in that direction, but
clearly when Lady Perry referred earlier on about
genetics for common diseases, particularly those with
low penetration you, Professor van Heyningen,
answered by saying that that is going to create
problems. But there are other issues—and Dr
Mulkeen mentioned this—about who explains about
the validity of these tests and who should have the
knowledge about them, and that leads on to
education and therefore those professional
organisations responsible for education, such as
colleges. So who interacts with them? Who says, “At
what stage do we need people who are trained to give
information in a way the general public may
understand about the relevance and the implications
of genetic tests”?
Professor van Heyningen: There is an NHS National
Genetics Education and Development centre in
Birmingham and they train not clinicians but people
who are involved in other aspects of medicine, and
they have a series of programmes for that. I think
there is quite a gap, or at least I do not know the
details of how clinicians these days are being
educated in aspects of modern genetics because now
it is not going to be geneticists and clinical geneticists
who are going to be giving out information in the
very near future but general physicians, and
surgeons even.
Chairman: Even, yes!

Q49 Lord Sutherland of Houndwood: Especially
even!
Professor van Heyningen: I do not know whether there
is good training for them. As you know, there is a
great deal of discussion about medical training in
general, but I think some of this could be developed.
Some of the curriculum aspects could be developed
much more centrally to make sure that they all get a
good basic education in their own medical schools or
go centrally for some courses.

Q50 Chairman: Does it need to be medical people?
Does it need to be someone who is also medically
trained?
Professor van Heyningen: As I say, there are non-
clinical people who are already getting some
education, and that should probably be expanded.

Q51 Chairman: Do you know how we compare with
other countries?
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Professor van Heyningen: No, I do not know.

Q52 Chairman: We are told in the evidence and also
in the seminar we had that genomics, and therefore its
implication on medicine, and therefore genomic
medicine (in the wider definition that you use), is
going to impact a lot upon the population, the way
we assess risks about their health, the way healthcare
is delivered and the systems of delivery of that
healthcare, and that we need to think ahead and have
the systems in place, or at least some thinking as to
what systems we require. We also need to do some
thinking about what regulatory mechanism we are
going to require to be able to test for these genetic
tests and develop treatment for these genetically-
based diseases, what ethical issues it throws up and
what legal issues it throws up, and that we need to be
ahead of this game and be leaders because that would
have a wider impact on the population and society
but also on economics?
Professor van Heyningen: Yes.

Q53 Chairman: Are we leaders, and if we are not
where are the blocks?
Professor van Heyningen: I think Britain does punch
perhaps above its population size in terms of
contribution.

Q54 Chairman: But that is not leading, though, that
is just punching above your weight!
Professor van Heyningen: Well, that is one measure of
leading, is it not? I think British science has
contributed a lot to many of the advances we have
seen so far and I think it is still at the forefront, but it
does need a lot of further support.

Q55 Chairman: All right. What about this
translation into healthcare and healthcare systems
and are there regulatory and ethical issues to be
addressed that we are not addressing, are there legal
issues to be addressed?
Professor Tait: I think we are leading in the joining up
of all these diVerent questions and not treating them
as separate entities. I think we do have a very strong
leadership role there. I am not asking for more
money. I think the big investment which has already
been made through the Economic and Social
Research Council has been a large part of enabling
that joining up to happen. I think there is still a task
to be done in the creation of intelligent customers for
the products from the science out there in the Health
Service. I am not sure that that is going to be quite as
easy as we imagine. I think there are going to be a lot
of entrenched ideas that will persist for quite a long
time in the community of applying the healthcare. We

are close to being leaders. I think there is an equally
strong leadership position developing in the
Netherlands and I think maybe some Scandinavian
countries are maybe even ahead of us in Europe. I
really do not know how we compare with America. I
think America is a rather diVuse body. Maybe
Canada. Yes, Canada is an area where I think there is
also strong leadership.
Professor Dupré: I would agree entirely with that and
I would have thought, in terms of being joined-up,
that we were still quite well ahead of North America.
This really is a very important issue and given how
rapidly the science is developing and how rapidly it is
throwing up social issues, legal issues, ethical issues
and philosophical issues the amount of connection
between the diVerent approaches—perhaps I am an
optimist, but I would say we were slightly ahead even
of the small Northern European countries you
mentioned, but really I think we are leaders in that
regard.
Professor Tait: Yes.
Professor Dupré: And obviously that would be
pointless if we did not have some excellent medical
and biological research going on too.

Q56 Chairman: Listening to you, we have now
joined up with all these issues and we are addressing
them together, so if I were to ask you what one strong
recommendation you would like to see in our report
what would that be?
Professor Tait: I would vote for a really creative look
at the regulatory system and how it could be
moderated and diverted, changed in a way which
would actually open up the whole genomic
healthcare area to more creative use of the science
that we are actually developing.

Q57 Chairman: Who would you think should be
responsible for that?
Professor Tait: I think it should be a collaboration. I
think it should involve heavily the regulators and
industry, all sizes of companies, and I think there is a
role for academics who have been studying these
problems. I think it also has to be international. You
cannot do this at the UK level, it has to be at least at
the European level, and at the moment I think
actually the food and drugs administration in
America is ahead of the EMEA in thinking creatively
about this, so it would be nice to bring them in, too.

Q58 Chairman: You are allowed to dissent from
that, so does anybody dissent from that and would
have another recommendation?
Dr Mulkeen: Can I dissent slightly, not in an opposite
direction? As well as addressing regulation, I think
the culture for innovation and the environment for
innovation in healthcare and communications about
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healthcare is important as the positive side as well as
stopping the undesirable, and as the pace of research
picks up over the next decade I think we will need to
see a more proactive and strategic approach to
innovation and prioritisation of that innovation in
health systems.
Chairman: Thank you very much. Thank you all. You
have been most helpful. This is our first session and
we have learned a lot and no doubt we will pursue

Supplementary memorandum by the Medical Research Council

I am writing to respond to the questions regarding MRC funding for research in genomic medicine in your e-
mail of 9 May, and also to follow up with some more detail on points made in the oral evidence session on
30 April.

Within the total figure of £50 million spend in the financial year 2006–07, the major scientific categories are,
Genetics of specific disease, Genetic epidemiology, Genome instability (all £9 million pa), followed by Global
Health and Gene therapy (£3 million–£4 million pa). Spend on genetic biomarkers and pharmacogenomics,
is as yet very low (£2 million pa).

The spend was split across various forms of support as follows:

Type of funding Amount spent in 2006–07

Fellowship (extramural) £2 million
Grant (extramural) £15 million
Unit (intramural) £33 million
Grand Total £50 million

Our records show, in addition to the UK Biobank project to which MRC has committed a total of £26.5
million to date:

The three major MRC Institutes (NIMR, LMB, CSC), and the MRC Human Genetics Unit, Functional
Genomics Unit; Epidemiology Unit; and Mammalian Genetics Unit all represent investments of over
£5 million every quinquennium.

There are four individual grant programmes of more than £5 million each—though in some cases the
investment covers 5–10 years, as the grant has been renewed:

Type Principal Investigator Organisation Title Amount
Awarded*

Grant Professor J Connell/ University of Glasgow/ The MRC British £5.1 million
Professor M Caulfield Queen Mary, University Genetics of Hypertension

of London Study
Grant Professor T MoYtt Institute of Psychiatry Gene—environment £5.4 million

interplay in early-onset
psychopathology

Grant Professor J Golding University of Bristol ALSPAC: A reference £8.3 million
population for genetic and
environmental
epidemiology

some of the things you have brought out when we
take other evidence. Can I say to you that if you have
further thoughts which you would like to send to us,
that will be most welcome and that will also form part
of our evidence and therefore will be published, but I
encourage you, if you have any further evidence, to
please let us have it. The document you have, Dr
Miles, we will take and also regard it as further
evidence. So thank you again, all of you, for coming.
We appreciate it very much.
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Type Principal Investigator Organisation Title Amount
Awarded*

Unit/Grant Professor T Rabbitts** MRC Laboratory of Modelling the role of £5.4 million
Molecular Biology/Leeds chromosomal

abnormalities in cancer

*For the grants, the Amount Awarded is the amount awarded over the whole life of the grant. For the unit
project, it is the amount spent over the period 2003–04 to 2006–07 (comparable Amount Awarded not
available).

**Professor Rabbits has since moved to the University of Leeds where he has a somewhat smaller MRC
funded programme.

Complete figures for spend on Genomic Medicine are only available from 2003/04 onwards. They are as
follows:

Spend Total

2003–04 £49 million
2004–05 £36 million
2005–06 £52 million
2006–07 £50 million

MRC spend on genomic research and genomic medicine over the next 3–5 years is diYcult to estimate, but it
is likely to remain at approximately the same level.

Professor Van Heyningen has provided some additional information to follow up the points made in the oral
session. She confirms that availability of suYcient computer processing power is currently a problem in
carrying out discovery phase studies to identify genetic risk. The initial genome-wide association studies with
individual markers are feasible, but it is not possible to do genome-wide haplotype analysis or imputation for
lack of computing power, even when using the Edinburgh Parallel Computing Centre. Marker interactions are
also not feasible to assess genome-wide.

Population stratification will be and is already beginning to be feasible for determining on the basis of allelic
markers who should be screened for several cancer phenotypes, for example colorectal and breast cancer.

In many later onset diseases there is a very significant genetic component as yet unaccounted for by genetic
association studies. Re-sequencing and identification of rare larger eVect variants is going to be important for
many diseases where we know there is quite a lot of familial recurrence but where common variants do not
account for a large proportion of this genetic component. The recent Science paper (Walsh et al Science. 25
April 2008; 320(5875):539–43) associating copy number variants (CNVs) with schizophrenia is a potential
landmark. Much of the familial risk will come from rare large eVect variants coming from a moderately large
pool of genes. It will be diYcult to identify which are causative pathological mutations but this area will
probably be more important clinically because the eVects are much stronger and risk predictions
correspondingly mproved. There is a need for increased re-sequencing capacity and also more research on how
best to identify causative variation.

I hope this additional information is helpful to the committee.

21 October 2008
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WEDNESDAY 7 MAY 2008

Present Colwyn, L Taverne, L
O’Neill of Bengarve, L Warner, L
Patel, L (Chairman) Winston, L
Perry of Southwark, B

Examination of Witnesses

Witnesses: Professor Sally Davies, Director-General, Research and Development and Chief Scientific
Adviser, Dr Mark Bale, Deputy Director of Scientific Development and Bioethics, and Ms Diana Paine,
Team Leader, NHS Genetics Team, Department of Health, Mr Paul Williams, Head of DIUS Research

Council Unit, and Dr Sivasegaram Manimaaran, Innovation Policy Directorate, DIUS, examined.

Q59 Chairman: Good morning. Thank you for
coming to give evidence today. May I welcome the
members of the public. You will find information,
including a declaration of interests of the members
and who the members are. I presume, Professor
Davies, you will perform the lead role. Before we
start, could I ask each of you to introduce yourself for
the record and say what your position is and which
organisation you represent.
Professor Davies: I am Professor Sally Davies. I am
the Director-General of Research for the
Department of Health and have responsibility for the
National Institute of Health Research as well.
Dr Bale: I am Mark Bale. I am Deputy Director of
Scientific Development and Bioethics in the
Department of Health with responsibility for
genetics, stem cells, and matters of ethics.
Ms Paine: I am Diana Paine. I am Team Leader in the
NHS Genetics Team, Department of Health, chiefly
responsible for the policy on NHS genetic services
and for implementing those elements of the genetics
White Paper as well.
Mr Williams: I am Paul Williams. I am head of the
Research Council Unit in DIUS, where I am
responsible for the seven Research Councils.
Dr Manimaaran: I am Sivasegaram Manimaaran. I
am a team leader working for the Technology
Strategy Board working inside the Innovation Policy
Directorate.

Q60 Chairman: Thank you very much. I see that you
have a strong team behind you, Professor Davies, to
support you. You are all welcome. Each of us will
have a question or two to address to you and you can
decide who should answer. Before we start, do you
have any statement you would like to make?
Professor Davies: I would like to say on behalf of the
departments that we do welcome this inquiry into
genomic medicine and we are looking forward to
your report—and on this occasion I mean it—
because it could be very helpful in determining the
future direction of the Government’s initiatives. As
you know the White Paper in 2003 Our inheritance,

our future set out the Government’s vision for
genetics in health care and the recent progress review
was sent to you. That highlights the challenges that
we face in the future, as well as many of the
achievements, such as the setting up of the NHS
Genetics Education and Development Centre and,
even, a week ago, the announcement of a successful
gene therapy for blindness and other gene therapy
trials. The education and development centre is
working to get appropriate levels of genetics
knowledge into the education and training of the
NHS workforce, so there is a lot of work ongoing that
your report has an opportunity to influence.

Q61 Chairman: Thank you very much. Does
anybody else have any comments? Okay. From the
evidence that we have had—and it is quite
voluminous evidence—and also evidence that was
presented to us at a learning seminar that we had, it
is quite clear that genomics and genetics and
therefore the implications for health care and to
medicine, are moving along at a pace and that the
potential for genetics in health care, therefore, in the
coming five years or maybe, at the most, ten years is
going to be quite significant. First, would you agree
with that assessment? Second, if you do, what do you
see are the key challenges, particularly in terms of
health care reorganisation that will be necessary to
deliver genomic medicine. Are the Government
anticipating these developments in genetics? How is
the Department preparing for this? What do you
think are the changes that will be required?
Professor Davies: Thank you, My Lord Chairman. We
would agree with you that the potential is absolutely
enormous. How will genetics impact on health care?
Through finding genes or their expressions; to give
profiling for people, either as patients or even as a
population, for screening that will lead to prevention
of disease/health promotion. Genetics has already
started to have a role in diagnostics. In disease
management there are genetic tests which direct
which way we should treat people. There are early
pharmacogenomic tests to look at the safety and
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eYcacy of drugs, and of course there are treatments
that are based on genetics. The one that I know most
about is chronic myeloid leukaemia and how genetics
contributed to making the oral drug that links to the
protein kinase receptor, let alone the gene therapies.
Genetics in health care will need to play into every
area of what we do. We feel that the White Paper was
a good start at that, highlighting initiatives to
develop specialist capacity; but it is clear that we need
not only clinical genetic specialists but that genetics
will become the province of all clinical professionals
over time as it moves out from the specialist area. You
only have to look at the Wellcome Trust case-
controlled consortium data to realise that no part of
medicine will remain untouched. We ourselves are
contributing with the MRC and the Wellcome to the
UK biobank study, UK Biobank, and clearly that
will engender more data that we will need to use.
What are the challenges? In summary bioinformatics
is the first challenge, both for research and the science
underpinning it but also as we want to bring genetics
into the health care arena. We are well supported in
this country, having the European Institute as well.
There will be the issues of embedding genetic
technology and knowledge into the service and into
clinical practice and that takes one back to the realm
of education as well, and the medical schools, and the
role of medical schools and the GMC in setting
curricula, let alone all the other clinical professionals
who need to be involved. No part of the NHS is likely
to be exempt from genetics over time. We will need to
manage the expectations of the public and healthcare
professionals to ensure that this is developed steadily
rather than, as the media might wish, “Oh, there’s a
cure, I want it tomorrow,” without working through
the safety and the cost-eVectiveness in taking these
things forward. We must make sure that our patients
are oVered genetics and genetic technologies in a way
that they understand and it is helpful to them in
managing their diseases. We will need to address
ethical and societal concerns about these new
technological developments. Mark will be able to
talk to you about the Human Genetics Commission.
Clearly getting the timing right will be important. I
was interested that you, with the expertise of your
advisers, suggested that this will come in five years. I
think it will be very much two steps forward, three
back, five steps forward, two back. It will be some in
five years, but it will be a decade before we see a lot
of this really paying oV for our public and patients in
improved care.

Q62 Chairman: Do you feel government policies just
now are right for this development, which could
occur at a pace? Do you think policies are in place
that can deliver advances that come?

Dr Bale: My Lord Chairman, in terms of how the
NHS will cater for patients and how it will make use
of the knowledge that is coming out from the
research, we feel the policies that have been in place
since 2001, set out in the then Secretary of State’s
speech and written in more detail in the White Paper
in 2003, are broadly right. We have recently
completed a review of the White Paper.

Q63 Chairman: We thought the review was quite
timely in relation to this inquiry.
Dr Bale: Absolutely. We mainly heard—the take-
home message—that it is too soon to say this is being
done and completed, and, in fact, we need more of the
same. We have taken that message on board through
the review, in extending some of the key initiatives
that we have put in place in the White Paper,
particularly the Education and Development Centre
in Birmingham, the two reference labs in Salisbury
and Manchester, the UK Genetic Testing Network,
and other activities in addition to those as a way of
helping to co-ordinate, evaluate, and do tests.
Policies that we have had in place since 2001 seem to
be broadly fit for purpose, and, as Sally said, we look
forward to the findings of the review as to what more
can be done.

Q64 Lord Warner: Could I pursue that response.
One of the issues which came out very clearly for me
at our seminar was the extent to which there was a
tension between the rapidity of knowledge in this
area and the need for some degree of central strategy
and direction, and a culture of management and
operations in the NHS, to devolve a lot of
responsibility down the line in terms of delivery of
care. I am just wondering how you are going to
reconcile these two. In the seminar there was quite a
lot of anxiety that they would not be reconciled
very well.
Dr Bale: I think you are absolutely right, there is a
tension between the pace at which the science is
developing and the initial associations between genes
and disease and the time it takes to properly evaluate
their use, both in the National Health Service
laboratories and also in clinical practice. Those
evaluation steps do take time and do take a lot of data
to be built up. We have acknowledged in the review
recently that there is an issue around how to ensure
that commissioners and commissioning can cater for
the new tests, which may have diVerent approaches
from the way you have managed certain sub-sets of
the population. Your point is well taken and we will
be looking at the commissioning angle.
Professor Davies: Perhaps I could add that we had a
generous CSR settlement for research. It is now ring-
fenced for the NIHR and we have increased the
amount of money available for evaluating tests and
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medical advices, so there should be much more
money available for doing those cost-eVectiveness
studies.

Q65 Lord Winston: How much of that money will be
spent on, broadly speaking, genomics and who
controls that?
Professor Davies: The budget will rise to £5 million per
year. The amount spent on genomics will depend on
the applications because we only fund good quality
applications.

Q66 Lord Winston: In response mode.
Professor Davies: Initially in response mode. We
reserve the right to do some calls if we see something
and our policy colleagues want us to on specific areas
such as genomics.

Q67 Lord Winston: One of the issues about all these
“omics” we are getting into is that there is clearly
progress being made, particularly in the field of
cancer and so on, but it is absolutely obvious that
there is going to be a need for a huge amount of
computing hardware, and we are interested to know
how that will be set up and how long it will take
roughly? How much do you think it is going to cost
to do? Who is going to evaluate what you are doing
in the genomic area? That is part of my question, but
there is another part to this. You have given a very
gung-ho view, which clearly my Chairman has led
you to give, which is the notion that genomics is the
happy future of medicine, but it is quite a determinist
view and it is possible that we may find increasingly
that epigenetic eVects are much more important than
we hitherto imagined and, therefore, issues about
gene expression and about proteins will become
increasingly important, not the printing of the DNA.
Your computing simply looking at DNA sequences is
not going to be particularly valuable, I suspect. I
wonder if you could lump all that together in some
sort of answer. I am sorry it is such a complicated
question but they are linked issues.
Professor Davies: Lord Winston, let me start from the
back. When I talk about genomics I include the
epigenetics and the profiling. I do not think you can
separate them. There is ample evidence that you can
screen for types of breast cancer by looking at the
expression profile. You can look for inherited breast
cancer from looking for the genes. Clearly we are
talking about it in its broadest sense. Let us address
the computing. I think we have to separate two
issues. First, what is the computing power needed for
the research that is being done that will tell us how we
should go forward? That is immense. From the
Department we do not have a very big contribution
to that. We are very lucky in this country, as you
know, with the Wellcome Trust and the Medical

Research Councils. At the moment, my
understanding is that we have a suYciency of
computing for the grants that the Wellcome Trust and
the MRC are putting out. The issue is hardware, but
the Wellcome Trust at Sanger have just invested
vastly in new hardware, and the issue then, when we
know that something needs to be taken through from
the research laboratory into the NHS, becomes: Will
it need such complex hardware and software?
Frankly, if it needs a massive complexity, I think it is
going to be very diYcult for the everyday NHS use.
We have to find ways to make it simple, where the
algorithm is embedded in the software, and that is a
research task. We have to look at the task and judge
what is needed for that task. Delivering health care
will be a diVerent task from researching what should
then be transferred across, I would submit.

Q68 Lord Winston: How will you evaluate your
progress? Who is going to do the evaluation?
Professor Davies: The review of the genetics White
Paper was a good start in evaluating progress. That is
not, I should say, because of this review. It was always
planned to occur at that time. Do we have any other?
Dr Bale: We have some validation programmes in
place for the stem development project that is being
evaluated by Nottingham University, but that is a
fairly small element of the White Paper spend. We are
evaluating the other projects, such as
pharmacogenetics.

Q69 Lord Winston: Is it your intention to have a
blanket programme, or do you think it might be
better to focus in specific areas; for example, diabetes,
or heart disease, or whatever it might be that you feel
is uppermost in the health care area?
Professor Davies: I have never thought personally that
one would go for such a targeted programme,
because things come through at diVerent stages. We
already know that a number of genetic tests are in
use. As a haematologist, I have used genetic tests for
many years. As a sickle cell doctor, I have used
genetics in my everyday work. If there were a cost-
eVective genetic approach, to deny it to the public
would go against the philosophy of the NHS.

Q70 Baroness O’Neill of Bengarve: Could I push you
a little bit on cost-eVective. When we come to single-
gene disorders and relatively rare, is it reasonable to
concentrate on those that will benefit rather few
people as against those that might benefit a very large
population; for example, something relevant to
diabetes? Is there not a choice here?
Ms Paine: The developments around single-gene
disorders have been significant and we already have a
large number of genetic tests available. I know that if
you spoke to, for example, Alastair Kent of the
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Genetic Interest Group, he would make the point
that, while these conditions are individually rare, the
proportion of the population that is aVected by rare
disorders as a whole is quite substantial. If we are
concerned about anything in the NHS, we should be
concerned about making sure that people receive care
on the basis of their need. It is not an either/or
situation. We do have specialist genetic services
which can meet the needs of those people and we have
a system in place to make sure that we use genetic
tests and services in a cost-eVective way. We only use
a genetic test for an individual with a rare genetic
disorder if it will inform their clinical management
and, therefore, we expect that we are using it in a cost-
eVective way. That does not mean that we cannot, as
developments pull through, extend the use of genetic
information to broader areas, be it sub-sets of
common disorders, as we currently see, for example,
in breast cancer, but also as we start to get more
information about the genetics of complex common
diseases.
Baroness O’Neill of Bengarve: If I may, my Lord
Chairman, I will park this question, because it is one
about cost-eVectiveness and, in a sense, can probably
be answered more readily when we are further into
this session.
Chairman: Thank you.

Q71 Baroness Perry of Southwark: Your two
departments have jointly set up the OYce for
Strategic Co-ordination of Health Research. In
relation to genetics, what do you expect to come out
of their work? How do you see it translating the basic
research into something which will help in the
clinical field?
Professor Davies: The OSCHR is a small joint oYce of
the two departments, hosted by the Department of
Health, that has an independent chair and three
“non-executive board” members, plus the Chief
Executive OYcer of the MRC, the Director-General
of Research of DIUS, myself, and my deputy, in lieu
of Chief Executive OYcer of the NIHR. The
objective of OSCHR is to make sure that the two
government delivery agents of health research,
Medical Research Council and NIHR, co-ordinate,
so that we can get pull-through and push-through, so
that both delivery agents are focusing on strengths.
We set up a Translation Medicine Board that looked
at how it is looking, and how one moves from
fundamental research through to targeted
development, through to the early studies in man. All
of those and experimental medicine, the MRC leads
on, and then, research moves to phase 2B studies
onwards, including, finally, the health technology
assessments, we, through the NIHR, lead on that.
The role of OSCHR is to ensure that we are

interlinking to deliver pull-through and push-
through. Does it have a specific role in genomics?
That board suggests to us areas that we do need to be
cognisant of, and so we are doing work in public
health. We both do quite a lot of work in genomics,
as you are hearing and will hear this morning. I would
be surprised, because of its pervasiveness, using the
broad description I have already accepted, if we did
anything more targeted, because it is so pervasive in
everything that people find.

Q72 Baroness Perry of Southwark: You mentioned
the membership of OSCHR. What relationship does
it have to BBSRC and to ESRC? How do you
communicate with them?
Professor Davies: There are two relationships. One is
the Director-General of Research from DIUS. The
science vote comes under him, and the oYcials work
closely with Paul and he can talk about that. Of
course, Sir Leszek Borysiewicz as Chief Executive of
the MRC is part of RCUK and therefore links into
them like that.
Mr Williams: Perhaps I can expand a little bit. One of
the issues that came up when the Cooksey Report
was received was how far the research activities of the
councils other than the MRC would be fed into the
OSCHR process. Sir David Cooksey said that he did
not favour taking away responsibilities from those
councils. We already have quite good co-ordination
of members between the seven Research Councils
under the umbrella of RCUK, so this we regard as the
main mechanism for ensuring that there is co-
ordination at the highest level between the councils.
In reality, those councils have co-operated in areas of
mutual interest with both the relevant managers of
the MRC and also with colleagues within the
Department of Health and NIHR. That might seem
a slightly untidy relationship, but the diYculty is that
we wanted to ensure that the OSCHR arrangements
did not pull the MRC away from the Research
Councils, precisely for that co-ordination. It is
something we are aware of. It was a risk that that
could happen if we were not careful. So far, however,
particularly if you take the ESRC, which has really
become very active in the OSCHR’s responsive field
of activities, I think that mechanism seems to be
delivering.

Q73 Lord Warner: Could I pursue how this relates to
the big bad world of operational delivery. There is
another universe outside research: it is the
Department of Health’s planning and budgeting
system/priority settings/operational framework
which the NHS uses to decide what it is going to do,
how it is going to spend its money, and what its
priorities will be. I am not clear how all this research
panoply of co-ordination, which is set out in your
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paper and is mentioned there, fits with that other
universe. Or it is a parallel universe which does not
meet up with the research universe?
Professor Davies: I sincerely hope it is not a parallel
universe. Clearly there is an issue of prioritisation. Is
research going to be useful and matter? Most of these
programmes that I have been talking about for
NIHR are being run out of the NIHR Evaluation,
Trials and Studies Coordinating Centre in
Southampton—which, I believe, Lord Warner, you
visited in a former incarnation. We have down there
a very big prioritisation process. It involves web
prioritisation from clinicians and patients but, also, it
involves managers on committees and patients. So
there is a prioritisation process, a priori; meanwhile,
I have committed £3 million a year to the top
priorities of NICE and we have the opportunity for
other key stakeholders in the policy arena to put in
priorities. We try to make sure that important
priorities are addressed. Before anything is
commissioned, it goes in front of a panel of lay
people, service managers from the NHS, as well as
academics. It must be methodologically good but the
issue as to relevance is also part of our expert review.

Q74 Lord Taverne: The White Paper has been
successful in establishing procedures and facilities for
single-gene disorders, but what about the more
common human diseases? How successful has the
White Paper been in widening genetics to mainstream
specialties? What progress is being made in
establishing procedures, facilities, and expertise in
that case?
Ms Paine: I think it is fair to say that the
mainstreaming agenda has inevitably been rather
more challenging. Under the genetics White Paper we
have funded a number of diVerent kinds of pilot
projects which have looked at taking genetics into
mainstream clinical specialties—in the current state
of knowledge, generally still dealing with single-gene
disorders but in things that particularly are related to
renal disease, for example, or to certain cardiac
conditions—and tried to develop a more patient-
centred service which integrates genetics knowledge,
genetic counselling, and elements of a specialist
service, with the relevant clinical specialty knowledge
about how the condition will then be managed in
patients once it has been clinically diagnosed. We
have done a number of diVerent kinds of pilot, some
in a joint programme with Macmillan around cancer
services, and a number of diVerent ones around
diVerent clinical specialities, such as renal and
ophthalmology. We have also had some pilots
looking at putting GPs with a special interest in
genetics into primary care across ten PCTs. That is
not about delivering a clinical service but about
providing a resource to primary care about

understanding genetics and the implications for the
care of patients in primary care. Another pilot looked
at familial hypercholesterolaemia, to identify people
at risk of that condition through cascade testing from
cases already known. All of those projects either have
completed or are in the process of completing their
own evaluation reports, highlighting the challenges
they faced and the barriers, the lessons learned, the
successes, and some of the things we will need to look
at in the future if we want to develop these kinds of
services further. To complement that, as my colleague
Mark has mentioned, Nottingham University is
doing an external evaluation of all service
development projects. That is looking much more at
the kinds of issues that perhaps Lord Warner touched
on, the organisational issues of how to get these
things embedded in the NHS and some of the
challenges about getting NHS organisations to
understand how to implement and commission
slightly diVerent kinds of service. They will be
reporting in the autumn of this year. Once we have all
of those lessons, we will be looking at how we can
share some of those lessons with the NHS and at
areas which may have been highlighted where further
action may need to be taken. Although that is not
quite the same thing as genetics in complex disorders,
where we do not have very much that is relevant to
clinical implementation yet, it will throw up a lot of
lessons that will be common to that, which we will be
able to use to develop services in the future and to
look at what kind of infrastructure we need in place.

Q75 Lord Taverne: How much funding is going to go
into this development?
Ms Paine: Into the pilot projects?

Q76 Lord Taverne: Into the more common diseases
as opposed to the single-gene disorders.
Ms Paine: I do not have the figures on me at the
moment about the money going into the pilot
projects. They were not complex diseases, in the sense
of the genetics of complex disease; they were single-
gene disorders relevant to these particular clinical
specialties. They are not quite the thing that you are
talking about. In fact we do not have areas of clinical
implementation where we are dealing with the
genetics of complex disease, because we do not yet
have the evidence base for how we are going to use
that in clinical practice. I am not an expert, but I
suspect that that is one of the things that is probably
more than five years hence, possibly more like ten,
although there may be individual examples before
that.
Dr Bale: It is important we understand what we are
considering here. My simplistic approach to this is
that we have common diseases where there is a rare
genetic sub-set which is caused by single-gene
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disorders. We have seen numbers of those. The
BRCA1 and 2 genes in breast cancer are a good
example. Those are the ones that we have tackled in
some of the pilot projects we have done to date. We
also have some projects targeted on the very rare
single-gene disorders that Baroness O’Neill
mentioned. What we are not yet tackling ourselves—
we are certainly looking for a way forward on this—
is where there are multi-factorial genetic mutations or
polymorphisms, which are implicit in development-
related disease. That is a much more complex area.
That is where the scientists are still developing the
answers and we do have to look very carefully at how
that knowledge will be transferred into clinical
practice. That is a very big challenge for us. We
acknowledge that.
Professor Davies: Under NIHR we have funded a
series of Biomedical Research Centres and
Biomedical Research Units. We are spending £100
million a year on the centres and £12 million a year
on the units. Most of them have genetics themes
within them specifically, as genetics themes, but, also,
genetics in all the other bits. Cardiovascular in
Oxford has a big genetics component; diabetes and
cardiovascular in Cambridge have a big genetics
component. Those centres are specifically to bring the
results of basic research, pulling them through so they
make a diVerence to patients. That funding will help
make some of the more complex multi-gene disorders
real for patients and what we need to do. But surely
a lot of this is about education as well. Education
starts in the schools and there is no doubt that
children are being educated in school in a way that
they were not before. I only have to look at my 13
year-old and 16 year-old. My 13-year old told me this
weekend that there was clearly a gene for collecting
polythene bags and storing excessive numbers that
went down the maternal line in our household. They
are learning in a way that we did not—the knowledge
was not there. Medical schools are teaching them.
Now I find that the young doctors coming through
understand much more than they ever did previously,
and so I have a hope that that will take us forwards.

Q77 Lord Colwyn: I must apologise for my late
arrival: I had to see some patients this morning and I
was over-running, hence my delay. The genetics
White Paper envisaged the NHS leading the world
and taking maximum advantage of the application of
the new genetic knowledge for the benefit of all
patients. Given the possible beneficial and
detrimental impacts of genetic tests, how are the
Government going to evaluate the eVects of genomic
tests upon diseases?
Professor Davies: We would like Britain to be at the
forefront of doing things well and right. As I
explained a little earlier, as these tests become

available we do have the capability for
commissioning evaluations either responsively or as
a commissioned project through from our centre of
the NIHR in Southampton. I envisage we will be
spending a budget of up to £5 million a year
evaluating tests and devices. We have set up a specific
programme with funding.
Dr Bale: In the UK we have the UK Genetic Testing
Network which was set up to provide a consensus-
building, co-ordinated arrangement for the NHS
genetics laboratories. It has pioneered the gene
dossier approach to looking at the evaluation of
genetic tests, both clinical validity and clinical utility.
It requests that laboratories compile a dossier for a
test before they are provided to the network, so they
are evaluated. Although it is a very simple model, it
is the envy of a number of countries in the world who
look to the UK for leadership. We are quite proud of
that. We are also very pleased that they are beginning
to look to the future. They have recently discussed a
document prepared by academics in Cambridge
around the evaluation of more complex diseases and
biomarkers. This is now being sent more widely to the
professionals for their views on how the UKGTN
model might be adapted for these more complex
diseases. When they have the results back from the
informal consultation, we will look forward to
hearing from them as to what they think the UKGTN
might do. I believe they will then be looking to apply
this new approach to one or two model diseases that
might be provided by laboratories. I think the
approach taken by the UKGTN is applicable more
broadly. I certainly know that it has been looked at
with interest by a number of international bodies like
the OECD have held workshops in the UK about
evaluation of genetic testing.
Professor Davies: Speaking as a haematologist, we
should not forget that our pathology laboratories
have undergone many changes in the way they do
things over time. They are beginning to use genetic
tests in routine pathology laboratories and have
established mechanisms for evaluating tests for use in
the NHS as well.

Q78 Lord Colwyn: How are the Government going
to ensure that healthcare professionals have training
to deliver this advice? Also, how are the needs of
professionals who are not genetic specialists going to
be met? How is this being achieved in practice? Where
is the funding going to come from?
Ms Paine: We have already referred to the work of the
National Genetics Education Development Centre.
We see this as having an absolutely key role here. It
was set up under the genetics White Paper, not to
deliver the training directly itself but to work with the
established regulatory professional and academic
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bodies that are responsible for delivering pre-
registration/post-registration training and
continuing professional development to make sure
that appropriate levels of genetic knowledge are
incorporated into the relevant curricula and training
and, also, to help them identify the needs of the
various professional groups, which obviously may
diVer from group to group, to help source resources
to support that and to develop some resources
themselves. The initial phase of establishing the way
they were going to work took a little bit of time, in
developing those networks and links to the relevant
bodies, but they have now started to do some really
valuable work in taking forward this specific agenda.
For example, they could work with the Royal College
of GPs to make sure that there was now a statement
about genetic competence within the curricula for
newly qualified GPs. They have done some work with
dieticians to identify what their needs might be and
what kind of genetic knowledge they might need to
deliver their services. They have recently—I think
only in the last few weeks—published a report about
pharmacy and the kind of knowledge that
pharmacists would need in relation to the developing
world of pharmacogenetics and the diVerent kinds of
knowledge they might need to implement those
things. They have done some generic developments
around core competencies which will help support
new kinds of roles in the NHS, where they will pick
out relevant competencies that are needed for
particular jobs in order to identify the skills
individuals will need. They have also developed a
really powerful learning tool, a resource called Telling
Stories, which is a database of patients explaining,
sometimes with video clips and sometimes with
sound clips, their experiences of using the NHS, and
then using that to highlight some of the issues that
person needed to address in relation to the genetics of
their disorder. Because of the current state of
knowledge, that tends to focus on some of the single-
gene disorders, but they are already looking at how
they can expand that to cover a wider range of
diseases, so that it is relevant to more and more
clinical specialties. We feel that in the education
centre we have established a really valuable resource
for supporting this. Professor Farndon, who heads
the centre, has already submitted evidence to the
Committee. One of the key things he would highlight
is getting the right moment when you approach
particular clinical specialities. If you go when there is
not yet anything of particular relevance to them, you
will easily get disengagement and they will say, “This
is not relevant to us.” Timing is everything. It is
getting the right moment to go into a specialty. When
they can see there is a relevance, the experience of his
team is that clinical specialties are very keen to
engage and look at how they need to incorporate
genetics into future developments.

Q79 Lord Colwyn: Tomorrow we are debating
allergy in this House, and there is no money to pay for
centres for allergy treatment. Are there going to be
problems with funding in this new work?
Ms Paine: This is about incorporating genetics into
the knowledge of the workforce. The workforce will
be being trained or will be having continuing
professional development and this will be an element
of it. I do not think there is necessarily going to be
huge additional expense involved in making sure this
is appropriately incorporated into the curricula. This
is part of the everyday job of these professional and
regulatory bodies. It is just making sure that we
support them in knowing what they need to address
and include and how they can tailor that to the needs
of their particular professional group.

Q80 Chairman: Apart from the areas that you
mention from the centre about education, we have
not had any evidence from any of the professional
organisations which said they are involved in
education and genetics. Do you not think that is a
major gap?
Professor Davies: Then their education is probably
failing, because most of them ought to be aware of
what is coming. I have not looked at who you have
had evidence from.

Q81 Chairman: Maybe it will come. I do not want to
exaggerate.
Professor Davies: We are trying to mainstream
genetics into education because it will be
fundamental, in its broadest definition, to a vast
amount of the work of the NHS in the future,
particularly as we move towards more preventive
issues.

Q82 Chairman: You mentioned pathology labs. If
some of the evidence presented to us suggested that
the current model of laboratories (pathology; what I
used to call bacteriology, or microbiology;
haematology; et cetera) and every Trust in the
country having the same model replicated is probably
out of date when it comes to dealing with genetics and
genomics, would you have a comment on that?
Professor Davies: I think that is likely to be true. If you
look at how we have developed regional genetics
services, it is because we need to aggregate them.
However, if you look back at how pathology
laboratories have developed, they were all very
separate, and then more and more they have come
together as departments of laboratory medicine
because the technologies were common, so you could
aVord the technologies and the robotics once, in the
hospital, and diVerent specialties used it for diVerent
tests. That may be one of the futures for genomics, in
part—at least in big conglomerations and big
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hospitals—but we do have, as you know, a second
phase of the pathology review going on by a noble
member of your House, so he may well have views
about this.

Q83 Lord Warner: I think this is an area which we
will need to pursue as a committee. We will need to
have our own contacts with the people responsible in
this area, but I would just like to be clear from the
research perspective. With the advancing knowledge
in the range of tests that will have to be performed to
get the greatest benefits out of discoveries in genomic
medicine, is it the view that there will have to be a
considerable consolidation of pathology department
expertise if we are to get the maximum benefit?
Professor Davies: I think that is likely to follow if you
look at how research genomics has gone. More and
more, rather than set it up in your university’s back
yard, people are getting grants and saying, “So who
can supply this many SNPs on that chip at the
cheapest price?” and, indeed, with the dollar going
down, buying in from the States. The evidence from
the research is that more and more people are doing
factory type work. If that holds true, it may well be
that we have to look at that for the NHS.

Q84 Lord Warner: Perhaps I could move us on to the
issue of regulation. The UK Genetic Testing Network
regulates the provision of genetic tests for single-gene
disorders. Given the increase in the scope of genetic
testing, both within the NHS and, indeed, in direct-
to-public tests, do you think the current regulatory
framework is suYcient? If not, what are the kinds of
changes you would expect to see?
Dr Bale: We do not consider the UK Genetic Testing
Network being able to regulate genetic testing in the
NHS. It provides a forum for consensus building and
evaluation for testing and then makes a
recommendation to the NHS commissioners as to
which tests to commission in their areas. It also
provides a network to allow particularly rare diseases
to be concentrated in one laboratory rather than
being done by a number of laboratories at a very slow
pace. The UKGTN is a model for evaluating,
primarily. When they have evaluated a test—they
base their evaluation on evidence from the Health
Technology Assessment Programme and so on—
those tests are then recommended to the NHS. They
do not have a role at all in evaluating tests provided
directly to the public by commercial providers. There
are some regulations, which stem from the EU
Directives on Medical Devices, that regulate the sale
of genetic test kits which are sold to the laboratories
and sold to the public, if there are such kits. They are
overseen by the Medicines and Healthcare Products
Regulatory Agency and they have very close liaison
with us about these aspects. The Human Genetics

Commission has established that there is a gulf
between the regulation of tests and services provided
directly to the consumer and the situation we have
with the MHRA. They have looked at this again
recently and recommended to Ministers that there
should be some thought given to a voluntary code of
practice to try to regulate the commercial providers
of these tests. It is an option that the ministers have
asked the HGC to go back and explore further with
the industry, because we find that the industry
themselves are concerned about the variation in
standards. This largely comes down to issues around
claims made for the tests: the advertising, the
marketing, the public expectation which can be built
up for some of the tests. There are also issues around
privacy, confidentiality, and consent. There is an
oVence under the Human Tissue Act of testing
someone’s DNA without their consent, which is an
important safeguard. The HGC will be talking to the
industry. They are not meeting with them until June
and then we will be seeing if there is appetite for a
code of practice and what the scope of that code of
practice might look like. We certainly have models
from other areas, such as paternity testing, which
seem to be successful, but putting this into an
authoritative document does raise standards.

Q85 Lord Warner: I agree I was slightly misleading
in what I was saying about the work of the network,
but the reality is that there is often going to be a
blurring in the area between evaluation and
regulation. At the moment there have been a
relatively containable number of tests which you are
dealing with in relation to the NHS, but, from the
evidence we were given in our seminar, with the
explosion in knowledge in this area it would be
astonishing if you did not see a huge step-like change
in the number of tests that are available in one way
or another, good, bad, or indiVerent. We are trying to
probe a bit more in relation to how, whether you call
it evaluation or whether you call it regulation, you
cope with that volume. The line between direct-to-
the-public and NHS use will get blurred in the
public’s mind. Because it is something that is
available, many of them will assume it is something
which is available in the NHS: “If it’s available in
Boots, why isn’t it available in the NHS?” I am trying
to understand what preparation the Department may
be doing or the Government may be doing to cope
with the volume increase of a probable scale.
Dr Bale: We would accept the role of the UKGTN.
We have certainly made investments since the White
Paper to increase the capacity of laboratories that are
in the genetics network. They are now able to cater
for much larger numbers of tests and turn them
around towards the times that were set out in the
White Paper. When it comes to the broader role of
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genomics in pathology services, that is another
conversation that is being had within the Carter
Review. The important aspects that we have to
recognise for some of the tests—and it is not just
evaluation, you are absolutely right—are around
quality assurance and the ability to have faith in the
results that are coming out of the tests, particularly in
the very important ones. Certainly the UK is
amongst the leaders in the science and quality
assurance and external quality controls and so on.
One of the UK scientists, who is a former Head of the
Reference Laboratory Manchester, led some work by
the Organisation for Economic Co-operation and
Development to produce international guidelines on
this, so we are aware of those aspects, as well, about
the need to have faith in laboratory tests. The funding
for the laboratories and the funding for the tests
coming through will have to be catered for in the
normal commissioning arrangements. Those are
undergoing a considerable evolution at the moment,
but, as the tests come on stream, as the evidence base
is analysed as robust, and as the profession is saying,
“This is the test that we need to be able to supply,” the
commissioning process will have to be able to
address that.

Q86 Baroness O’Neill of Bengarve: Perhaps I could
take you back to Genetics Knowledge Parks, if I may.
We have one in Cambridge which has produced a
very interesting mix of work. I have kept in quite
close touch with them. You have submitted that they
did make a significant impact in some ways. Then, of
course, the funding was discontinued. That may be
exactly the right decision, but I would be very
interested to understand more about why the decision
was made at that stage to close down one route to
embedding genetics in mainstream medicine. Was it
that it had achieved all it could achieve? Was it that
some other route to the same end seemed better? Or
was it simply a funding decision, where some things
had to go?
Professor Davies: Probably—as all these things are—
a mix of many of those bits. We too would say that
the Genetics Knowledge Parks were a success.
Having been with them—as was Mark, who will add
to this—from their inception, they were intended as
five years and then to be self-funding, and the DTI
was a co-funder at that time. We found, as they
developed, that the whole field began to take oV and
a number of other people were working in those
areas. The ESRC is now funding increasing amounts
of the ethics and social areas. The science was
interesting but, under Best Research for Best Health,
the Government strategy for the NHS’s science, we
are putting in rather more money available to
everyone rather than just the five Genetics

Knowledge Parks, so it was an opportunity then on
merit for everyone to be able to work on genetics.
Dr Bale: That is broadly an outline of where we
stand. We have already mentioned the education
aspect. They did have a role in both educating and
helping to educate clinicians, which we now see as
being primarily a role for the National Educational
Centre to lead on. The public engagement angle that
they tackled is now largely funded by Sciencewise,
which is running within DIUS. It is really a question
of recognising the pioneering role they had, and they
are now seeing that the funding is being picked up.
Many of the same individuals are operating through
the ESRC centres, the Biomedical Research Centres,
and so on. It is an idea that was mainstreamed itself
into the wider research community.
Professor Davies: I should say that we expect to set up
under the NIHR Networks for England, a study
group on genetics. They will be able to help ensure
that the genetics studies that are funded by ourselves
and our partners are eVectively undertaken through
the research networks in the NHS. They will be able
to help each other to develop a portfolio of genetics
applications to the funders, including ourselves, and
we will be able to feed in some comments about the
research arena and NIHR.

Q87 Lord Winston: You mentioned Best Research
for Best Health. One of the things that was pointed
out is that you are intending to create a health system
in which the NHS supports outstanding individuals
in world-class accommodation. How are you going
to implement that?
Professor Davies: I think we have made an awfully
good start. We not only have an increased budget
though the Comprehensive Spending Review but for
the first time ever we have a capital budget, £50
million a year. That, for last year and a significant
amount of this year, is being distributed to those who
have, through international peer review, won our
centres and units grants. Some of that, I am sure, is
funding genetics equipment for research near to
patient and with patients in our major centres. You
will know about the Biomedical Research Centres.
The Biomedical Research Units we announced about
a month ago, and they are in areas of major health
need. They are dotted around the country, building
on small teams that are very good, many of them
doing genetic work. We are giving them capital and
helping them. We are making a good start, but one
has to remember that this is a three-legged stool: the
NHS is making its contribution; academia, from
HEFCE-funding through the universities, makes its
contribution; and the Research Councils make their
contribution. They all come together to provide the
greater part, as it were. That then takes you into: Do
we have the right model? You will know that Lord
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Darzi in his London Review highlighted the role of
Academic Health Sciences Centres as a way of
driving innovation. I can only think that genomics, as
well as robotic surgery and other things, must have
been behind some of that thinking. I do not seem to
be able to go anywhere these days without being
asked: “What’s the Government’s view about
Academic Health Sciences Centres?”—for which one
has to wait until his next review is out in July—and
everyone wanting to do it, because they seem to see
this agglomeration and coming together of academia
and the Health Service as a way to really make
everything work better delivering better results for
patients.
Lord Winston: So you are going to continue to
support Imperial College!

Q88 Chairman: You do not have to answer that.
Professor Davies: I support Imperial when they win in
competition.

Q89 Lord Winston: You do not need to answer
that—and I would declare an interest if you did. I am
interested in an answer that Mark Bale gave about
Sciencewise. One of the issues with regard to world-
class research by world-class individuals in this area
is the need, particularly in the field of genetics, to
support good animal research. That is becoming
increasingly diYcult, particularly in the genetic arena
at the moment, because of increasing regulation and
demands that are made which tend to turn a lot of
young people who might do PhD projects away from
that kind of work to something which is a bit easier
and will not require such a lead time to get research
approval and a Home OYce licence. I am interested
to know in which dialogue processes with regard to
genetics and the use of animals you are involving the
public. This seems to me to be an increasingly
important area.
Dr Bale: I am afraid I am not aware of any specific
public dialogue involving genetics and animals. I do
not know if colleagues from DIUS have any
knowledge of that. Sciencewise I think tend to
operate in a response mode, so when topics like that
are suggested they can fund them. I would have to
check on the specifics of that. I certainly know the
Academy of Medical Sciences has expressed an
interest in doing work, in parallel to the work they did
on human and hybrid embryos, to look at what might
be done in animal hybrid embryos, which would
include potentially genetically modified animals,
animal models, and so on, but as far as I am aware
that has not been taken forward yet.

Q90 Lord Winston: I do know that on the
Sciencewise agenda animals was one of the possible
areas they might look at. I think it would be

extremely helpful if the Department of Health took
an active interest in that.
Professor Davies: We clearly do. There is a ministerial
group that meets about animal research and it is
presumably led by DIUS. I do not know.
Dr Bale: I think it may be Home OYce.
Professor Davies: Our policy is that we support animal
research and its essentialness. We do not fund it,
because we fund around patients, but we do
support it.
Lord Winston: It is not the funding that is the issue, it
is the information and the response to the
information, and the need, which is becoming
increasingly clear cross-government, for dialogue in
all sorts of areas. This seems to be a very important
area.
Lord Taverne: Perhaps I could follow this up. Could
you take due note of Lord Winston’s remarks and
make representation to the Home OYce because the
House of Lords Committee on Animal Procedures
and Scientific Research made several
recommendations, most of which have been followed
up very well, except for protests about the
bureaucracy involved in the rules that the Home
OYce still insists on in animal research. It is
oppressively bureaucratic and very little progress has
been made in that field.
Lord Winston: Particularly in the genetic area, which
is what I am focusing on, of course.

Q91 Lord Taverne: Would you please make
representation to DIUS?
Professor Davies: I will happily pass this on to them,
yes. The other bit which I did not pick up on earlier,
Lord Winston, is about how we make it first class.
That is of course our new training schemes to develop
clinical academics. As you know, we will be rising to
750 clinical academic fellows and 400 clinical
lecturers, many of whom will be working in the
genomic field. We also have money for an extra 25
medical PhDs—we can appoint eight a year, so that
we have a rolling programme. At the moment, nine of
the academic clinical fellows supporting 19 posts and
seven of the clinical lecturer programmes supporting
ten posts are in genetics, so there is a significant
academic cohort coming through.

Q92 Lord Winston: Are these research studentships
funded through the R&D budget or through the
Research Councils?
Professor Davies: I am talking about the NIHR
budget. The MRC funds a large number of people in
genomics and some bioinformatics. It always has
done.
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Q93 Lord Winston: We have had nothing at all so far
from the TSB about some of these issues. It would be
extraordinarily interesting and useful to know where
you interface with all these strategic issues.
Dr Manimaaran: The TSB works very closely with the
Department of Health and the Research Councils in
trying to define an agenda where it intervenes. It
works very much closer to market in terms of the near
market technologies. In an area like this, it would
look to work with industry to see what kind of
market opportunity there is for UK capability,
particularly industrial capability, and then
particularly with the Department of Health, which
own the policy agenda, and the Research Councils in
terms of translating that kind of basic science
capability to technologies in the market. They are
developing their strategy in health care and
bioscience at the moment.

Q94 Lord Taverne: Can I follow that up and ask
about the interface with this and the fact that the
DIUS and the National Innovation Centre have a
cross-government role in innovation. Do they have a
specific strategy for genomic medicine?
Professor Davies: The first is working with the
Technology Strategy Board. Each research funder
works with the Technology Strategy Board. The
Department of Health is one of two departments
piloting their new ways forward. We have not yet, I
think, decided which areas, although the first
platform we launched with them was on “Assisted
Living”, and we are looking at what the areas to do.
The MRC is also working with them and we co-
ordinate with the MRC. On genomics, there may be
things that come up, and the Technology Strategy
Board is clearly building on the link work—a lot of
which was with SMEs and in the genomics field, so I
would think they will. The National Innovation
Centre is part of the National Institute for
Innovation and Improvement and it was set up as a
result of the Healthcare Industries Taskforce—the
HIFT taskforce—to help people navigate the
innovation landscape—which is extraordinarily
complex, particularly SMEs and the Medical Devices
people. The National Innovation Centre has no
formal role relating to genomics; it is about devices,
and diagnostics. They are helping smooth the path
and they co-ordinate the NHS innovation hubs as
well.
Dr Manimaaran: In terms of DIUS, we are the policy
across government in terms of fostering innovation,
but there is not a specific role on genomic medicine.
That is clearly a Department of Health area. We do
fund the Technology Strategy Board, and we provide
the framework within which the TSB undertakes its
activities along the same lines as the Research
Councils. We provide them with strategic thrusts and

encourage them to work with the Department of
Health and work with the Research Councils in co-
ordinating healthcare research and providing
funding where they see a specific opportunity. But
DIUS itself does not have an innovation policy
relevant to genomic medicine.

Q95 Lord Taverne: Has the TSB supported
particular projects in genetic projects?
Dr Manimaaran: I believe it has funded a handful of
projects to date through what have been specific calls
for healthcare research. They have had some R&D
projects focused on biomarker discovery and
translation. It also has a couple of initiatives that are
relevant but not completely related to genomic
medicine, such as Stem Cells for Safer Medicine, of
which it is a partner, and a pilot Healthcare
Technology Co-operative, but it has not done a great
deal of work on genomic medicine to date.

Q96 Lord Taverne: Are there any special plans for
the long-term future, beyond the next three years?
Dr Manimaaran: Early this year it got its
comprehensive review settlement and it is developing
a strategy. It has developed its overarching strategy,
which is being published on 8 May, tomorrow, and in
the case of specific technology areas it will be
publishing strategies as well. But this is clearly an
area where it will work very closely with the
Department of Health and the Research Councils.

Q97 Baroness Perry of Southwark: We are still trying
to wrestle with these various bodies and how they
relate to each other and exactly what they do. As I
understand it, TSB is very much emphasising the link
between research and implementation. Does it talk to
OSCHR? Given that OSCHR has distanced itself
from the application into clinical practice, is there an
area in genomics where these two are talking to each
other? Should they be talking to each other?
Professor Davies: I can tell you that they have met,
although I do not know what they have discussed,
but, as OSCHR does not have a budget (the budget
belongs to the MRC having come through DIUS or
to NIHR having come through the Department of
Health), their role is not to set the strategy. There are
separate governance mechanisms for the MRC and
NIHR. They ensure we co-ordinate and push
through and pull through the full spectrum of work,
and perhaps to highlight an area like public health if
it is considered the nation has not focused enough
on it.

Q98 Baroness Perry of Southwark: Surely, if
OSCHR is there to do a strategic co-ordination, you
have said it has met once, should it not also be
interested strategically in what the TSB is doing?
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Professor Davies: I am sure it is, but the Department
and NIHR are interacting with TSB—the interaction
needs money and we have the budget—and the MRC
is working with TSB, and we work together and we
tell OSCHR what we are doing.

Q99 Lord Warner: Talking of budgets, in paragraph
23 there is an interesting paragraph about the
Innovative Medicines Initiative, which is, as I
understand it, a private/public partnership with quite
juicy sums of money available over the next ten years:
ƒ1 billion from the European fund and a matching
ƒ1 billion from the private sector and industry. Could
you tell us a little bit about how genomics and
pharmacogenomics will be included in this initiative?
To what extent are the Government involved in the
decision-making process and how will they be
extracting benefit for UK plc from this initiative?
Mr Williams: IMI is a EU Commission initiative, so
the UK Government is not formally involved in the
decision-making process within the IMI framework,
although we have general oversight in relation to the
framework of seven funds. The IMI has just issued its
first call, at the last end of last month, which covers
about 18 themes. A number of those give very clear
opportunities for those interested in genomics to
come forward with proposals for consideration by
IMI and the Committee. There are big opportunities
there for people in the UK to seek that funding and
to deploy it.
Professor Davies: The Medical Research Council did
help groups, before the call came out, to get together
to think about what sort of thing they could put in
and everything, so I can tell you from my academic
links that there is quite a buzz out there of people
starting to network.

Q100 Lord Warner: Is there a Government
enthusiasm for targeting a big UK benefit from this?
Could you tell us a bit more, not so much from Sally’s
academic position, but about what the Government
are doing to drive a little bit the UK take up in this
call for initiatives.
Mr Williams: We have a number of mechanisms. As
Sally said, the MRC has taken the lead in trying to
bring together consortia which may be able to
benefit, because the consortia that it would deal with
if it was on a national basis are precisely the type of
organisations that would potentially benefit from
IMI. They have led that key role. There is also the
UK Research OYce in Brussels that provides an
information source for people seeking funds from
Brussels. This is a joint Research Council initiative,
managed for them by the ESRC, which provides
access directly to the Commission and subsidiary
bodies who advise on how to do that. The way the
UK system works in terms of basic research gives this

role much more to the Research Councils than DIUS
centrally. The money is devolved out to Research
Councils every two or three years. We asked the
Research Councils to operate in parallel in relation to
the European fund and opportunities of their own.
Professor Davies: Perhaps, Lord Warner, it would be
helpful for you to know our past history as a nation:
we get out vastly more than we put in from the
framework.

Q101 Lord Taverne: I am not pursuing a Euro-
sceptic agenda here. I understand what the
Department of Health is doing but I am trying to
understand, when there is this initiative, given that it
is a private/public partnership with industry
involved, what the non Department of Health parts
of government may be doing to generate a bit of
umph in this area for industry; for example, SMEs
and so forth.
Professor Davies: BERR have done quite a bit of work
with Pharma—who are very keen on this area, as are
we—in order to make sure that everyone was aware.

Q102 Chairman: You might also answer how the
IMI will publicise the call to industry and academia.
Professor Davies: They do publish through CORDIS
and open calls in the European Journal. Of course the
minute something like this comes out—and everyone
was waiting for it: the MRC and ABPI did a joint
conference about the fact that it was coming—the
emails go spinning around everyone. We were all
waiting for it. We all knew it had come. It had all gone
around the academic network. If it has not reached
someone, then they are not well networked, so they
are unlikely to get the funds. Speaking from
experience of watching people, you need to write—

Q103 Chairman: They only get to know through the
network?
Professor Davies: No, if they consult the EU website
or CORDIS or the European Journal it is all laid out,
but, in addition, the MRC has been doing work and
the academic network is passing it around.
Dr Manimaaran: To expand on Sally’s point, the
Medical Research Council provides a national
contact point service for this particular initiative.
You have particularly bodies who are tasked with
raising awareness and getting groups together to
respond to particular initiatives that come through
the Framework Programme, and in this case the
Medical Research Council are leading on the
provision of the knowledge and awareness.

Q104 Lord Warner: I am still a bit puzzled by this. I
do not want to pursue this now but I think it would
be helpful to have a fuller response in writing for what
the Government has done in promoting this initiative
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and to have a little bit more about the results of the
British applications are in this area.
Professor Davies: We will not know the applications.
First of all, the closing date has not happened, and,
second, we do not know as a government—even the
Medical Research Council will not know—but we
will send you a note from DIUS and BERR.

Q105 Chairman: Thank you. In due course, if you
get more information too.
Professor Davies: Yes. We might hear some success.

Q106 Baroness O’Neill of Bengarve: The HGC
produced a report, More Genes Direct, which I am
sure you are familiar with, on direct-to-public genetic
tests, and there has been a lot of other discussion and
concern by other bodies about direct-to-public tests.
How are recommendations from the HGC report
being taken forward? Do you think this is an area
where we are going to need regulation or self-
regulation work? Are you concerned about members
of the public who buy these tests and find the results
incomprehensible to them, or about the implications
of the results then making demands on the NHS for
repeat tests with interpretation?
Dr Bale: The HGC has recommended that there
should be some work done on a voluntary code of
practice. They have also recommended that the issue
should be looked at again when the In Vitro
Diagnostic Medical Devices Directive is reviewed,
and that is something the Government have agreed
they will take into the discussions with the European
Commission. In the meantime, and given the pace of
change in this area and the fact that you may be
required to have a flexible response to any services
that are provided, the self-regulatory pathway is one
that the Commission has been asked to explore
further. As I mentioned, they have started to discuss
a number of the issues with the various regulators,
such as the Advertising Standards Authority, Ofcom,
the Human Tissue Authority and the Information
Commissioner, and they will be trying to see if there
is an appetite there for the setting of standards for the
industry themselves. One of the key questions, as
ever, with a code of practice, is compliance, NHS
compliance. Our experiences with paternity testing
have been that once the industry sign up to this they
are very good at self-policing. We find that if a
company starts to advertise a service in a particularly
aggressive way or in a rather underhand way, they are
pretty soon shopped by their competitors, who have
a very close interest in the market. Whether that will
happen with genetic testing services is unknown as
yet because, so far, there have been so few of them.
We have only had one or two fleeting services
provided in the UK, although of course it is quite
widespread in our Internet and particularly coming

from the US. This is what we need to explore with the
industry, and the Commission will report back to
Government later in the year. Our expectation is that
a voluntary code of practice is the right approach at
this time.

Q107 Baroness O’Neill of Bengarve: There is an
asymmetry with paternity testing, if I may say so, in
that paternity testing essentially is going to give you
the information that the source of one sample is or is
not very likely to be the father of the source of the
other sample, but this is not quite like a test that is
taken for health purposes.
Dr Bale: I agree. That issue around the claims made
and the information given is at the heart of the
genetic testing debate. Many of the companies that
provide over-the-counter services or direct-to-the-
public services steer very well clear of the single-gene,
highly penetrative disorders, those that may have a
dramatic impact on a person’s health. They look to
provide a service which focuses on the weaker
associations that might help people to adopt a better
diet or maybe to consider the most eVective way of
stopping smoking or losing weight. Those are the
sorts of lifestyle tests that we have seen provided.
There have been services provided in the past for
carrier testing, if you were considering carrier testing
before pregnancy. Again, whether these things are
provided privately or publicly is an issue that has not
been linked to genetics. Many people go for private
testing through the medical profession and other
health professions in a way that does not really
concern the NHS too much. We need to explore—the
Commission has certainly begun a very active
discussion on this—what is acceptable and
unacceptable to market direct to the public without
proper health care support and without proper
support.

Q108 Lord Winston: Certainly these are becoming
quite big business in places like California. Is there
any evidence at all that whilst they might make a
diVerence to health—to “lifestyle” as it is called—
they are really eVective in what they predict and
recommend?
Dr Bale: The jury is still out on that one. This is one
of the criticisms of these services: they do not have the
sort of in-depth evidence that you require to put this
into an NHS service, which is where you will find a lot
of the early association studies being picked up very
quickly by companies and marketed as a test for
propensity to x or y. As for whether they have any
long-term eVect, I know some studies done for
smoking cessation, which were done out of Oxford,
were commercialised by a company to try to indicate
which might be the most eVective way of stopping
smoking, and whether to use drugs like Zyban or not.
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They were backed up by good evidence, but I do not
think, unfortunately, the commercial service was a
success because people did not want to pay £300 to be
told how to stop smoking.

Q109 Lord Winston: Is there a place for better public
information, do you think, in this area? Again it
comes back to this notion of information and
dialogue. Is there something which the Department is
looking to think about? Presumably, in time, as Lady
O’Neill has implied, there is going to be an increasing
demand. Lifestyle change may well be a very good
thing, but it may not be relevant to what is found on
these rather focused and rather selective tests.
Dr Bale: There is certainly a role for public dialogue
here. At the moment, we see the Human Genetics
Commission taking a lead there. They have been very
active in over-the-counter testing. Since 2002 they
have been discussing this from time to time, working
with some of the regulatory bodies like the
Advertising Standards Authority to clamp down on
misleading claims that are being made for some
services that have been marketed. They are also, I am
aware—I am sure they will have touched on this in
their evidence—been increasingly interested in the
markets that seem to be opening for personalised
genomes, of people wanting to have their whole
genome sequence scanned. Again, that is a
developing area of interest and one that raises a
number of issues.

Q110 Lord Winston: That is £1 million at the
moment.
Dr Bale: I gather it is coming down.
Professor Davies: It is £300 at the moment.
Dr Bale: The projections are, from studies in things
like silicon chips, that it will be a $10 genome, which
is quite staggering.

Q111 Lord Winston: Is anyone doing any
monitoring of the Internet? How do we know what
should be causes for concern?
Dr Bale: There certainly have been some. A
researcher on the Internet tends to go to a well-
known search engine and tap in key words. You find
a number of services, both coming up on search
engines and also being advertised. There is a big
diVerence between those that are being actively
marketed in the UK by UK based companies or their
agents. The last time the survey was done was by
some academics based at Cambridge and there were
very few companies—I think around about half a
dozen—marketed actively in the UK. But people can
access tests by going over to the States.

Q112 Chairman: The answer to whether there is any
systematic monitoring is no.

Dr Bale: No. That is right.

Q113 Baroness Perry of Southwark: I would like to
turn to the question of advice on the ethical issues
involved. How are the Patient Information Advisory
Group and the other advisory groups interacting
with the National Research Ethics Service in giving
advice to researchers and ethics committees on
genetic studies, particularly on issues of consent and
confidentiality? This is where I advise you of my
interest, in that I chair the research governance group
for Addenbrooke’s and Cambridge University’s
clinical school.
Professor Davies: Thank you. Then you will know that
we have a National Research Ethics Service, which
supports a number of ethics committees who are
appointed by the Strategic Health Authorities,
including some multi-centre research ethics
committees. The National Research Ethics Service
and the Patient Information Advisory Group
(PIAG) work together quite closely with other
partners of the UK Clinical Research Collaboration.
They have developed joint guidance for applicants on
issues reviewed by both bodies, such as consent and
confidentiality, and they are looking at working on
further procedural guidance together. One of the
things they have done recently, which is going to be
launched before the summer, is the Integrated
Research Application System. It is part of the Best
Research for Best Health bureaucracy busting, where
seven review bodies’ applications are brought
together and the researcher will put the data into one
database. It will do for seven of them, including the
National Research Ethics Service, PIAG, the Gene
Therapy Advisory Committee and MHRA, so that
we are trying to get everyone working together. A lot
of the advice is brought together under the umbrella
of the UK Clinical Research Collaboration
(UKCRC) regulatory governance advice service
which we run funded by NIHR with MRC input and
advice and support as well, so there is advice there. Of
course, under the Health Act going through at the
moment, PIAG will be dissolved and its role will
move to the National Information and Governance
Board (NIGB). The secondary legislation will be laid
this autumn.

Q114 Baroness Perry of Southwark: That is very
much welcomed and I think is a big step forward in
what you call “bureaucracy busting” but the co-
ordination of advice on consent and confidentiality
does not seem, at least in the experience of the
researchers I have worked with, to have gelled yet.
There are a lot of sources of diVerent advice.
Professor Davies: They are supposed to have shared
views. Many academics have said to me that they find
some ethics committees understand the
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application—Addenbrooke’s being one—rather
better than some others, so there is work to be done
to educate people.

Q115 Lord Taverne: How many people are
employed by this National Research Ethics Service?
Professor Davies: Its budget is £12 million a year. It
has a handful of staV in the National Patients Safety
Agency centrally and then it supports all the ethics
committees around the country, of which there are
many. If you would like the detail, I would need to get
a note.

Q116 Lord Taverne: I am slightly worried about the
huge industry in ethics field which does not always
represent good value for money.
Professor Davies: Since I have been in post, we have
gone for a single form across all ethics committees, to
lighten the load on researchers and be able to move
things around. We have an Internet application form
that is now going to be integrated with the other
regulatory people and we have appointed advisers to
all the committees to help the chairs move work
forwards. We have reduced the bureaucracy and we
have also speeded up dramatically the times taken for
turnaround from all committees. There are always
some that are good, but from all of them. It is a much
more smooth service for the recipients of it or the
users of it, and I have taken out some costs savings.
Lord Taverne: Good.

Q117 Baroness O’Neill of Bengarve: That is all very
welcome news but, in a sense, what drives the
complexity is a set of standards, some of them
embodied in international documents, which have
fanciful notions of the possibility of informed
consent. It may not be the notions of consent that are
fanciful; it is the notion of the amount of information
that can be absorbed by persons, be they patients or
research scientists. Is there any way in which you
think it is possible to bear down on essentially
gestural conceptions of the consent in favour of the
bits that matter?
Professor Davies: I find this diYcult to answer because
I suspect that, as a person, I am exactly where you
are: I wonder how often patients do give true
informed consent. As a department, I would have to
say that we are trying to make sure things are done
properly, recognising a pragmatic reality.

Q118 Baroness O’Neill of Bengarve: In which case it
is very important not to read the sociological
literature that reveals how seldom it is informed.

Professor Davies: I am aware.

Q119 Chairman: So far, the written evidence we have
had and the seminar we heard would suggest that, in
scientific terms, genomics research is moving at quite
a pace. Not only is it moving at quite a pace, but there
are implications—Lord Winston referred to the
epigenetic aspect, which is crucially important—that
this could well transfer into health care, either
because of the public getting more knowledgeable in
demanding the test once they hear about it or because
there are genuine benefits for the population of the
test. We then obviously will have some information
about the Biobank and other genetic banks. Then
there is a gap between that advance and the
implication it has on the Health Service and the
Health Service organisations to change and be able to
deliver and be able to explain, including education. I
made the comment that nobody else has given us the
evidence about education and genetics being
important in what they are doing. Would you agree
that there is a gap? Second, I wonder how you felt,
when you were writing the evidence to us, about all
these diVerent organisations. They may have been
necessary at the time when they were set up but are
they performing a co-ordinated function? Will they
deliver what is required to be delivered in terms of
research, translation and health care? Would you
have a comment about that, considering you wish to
see Britain in the forefront of genomic medicine?
Professor Davies: Let me start with the research and
the multiple funders who are being co-ordinated and
co-ordinating with each other. I think that works. It
looks messy and it is messy, but to have multiple
funders, as long as we co-ordinate a certain amount,
allows diVerent approaches. Many of us know people
who applied to one place and did not like the
approach and yet they got the funding from
somewhere else who did like that approach. DiVerent
bents and approaches are useful. I think the research
field, now that we are co-ordinating yet better on
things, is fine. You asked about how we will get more
pull-through. Of course we have a structure in the
NHS now where there has been more and more
devolution: a budget goes out to the commissioners,
to the primary care trusts, and to some general
practices, to commission the services they want. It is
not held centrally and able to be dished out for
national programmes in the way that it used to be,
and so education and patient demand become more
and more important as to how you get things to
change. There are two things that need to happen:
you need clinicians and a system that is innovative—
hence the discussion about Academic Health
Sciences Centres. There is not any evidence but we all
have a prior belief—and it might turn out to be a
Bayesian belief, actually—that they will increase the
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innovation. Having got innovation and shown that it
can work, how do we then roll it out? That is now the
role of commissioners. The policy team work with
commissioners on selected areas to try to give them
some guidance as to what to pick up on.
Dr Bale: That is all I can really say on that. There is
a pipeline here and it is at the commissioning end that
we need to see professionals demanding this type of
service or advocating this type of service with the
evidence that has been provided by the scientists and
the commissioners. We have not mentioned a group
we operate to try to find a forum for this. The
Genetics Commissioning Advisory Group is a
platform for the laboratories, the professions and the
commissioners for the main Strategic Health
Authorities to come together to discuss
developments in genetics, new service pathways and
so on, to try to find a coherence there about how they
commission these activities. You also asked about the
question around public expectations of genetics and
how fast that is moving. Really, from the very earliest
days, since we have been actively involved in the
Human Genome Project, there has been a huge
expectation as to what the completion of the Human
Genome Project would give us in terms of
information for a health care. Every stage has shown
that it is much more complex. For a long time there
was no clarity about the number of genes and now we
are seeing a completely diVerent way of analysing the
other “omics” and epigenetics, as has been
mentioned. It is about being quite clear to the public
that this is not going to be an overnight fix; this is a
very long-term pathway and programme of
investment support and capacity building in the
NHS.

Q120 Lord Warner: That answer and everything we
have heard today and in our seminar all point to
genomic medicine being an additional cost, if not a
significant additional cost for the NHS to absorb.
That is what it feels like, from the evidence we are
hearing. Is there any work going on to identify what
genomic medicine might displace, so that we free up
some resources to pay for this innovation? At the
moment, all we are getting is messages that that is, to
put it crudely, “shed loads more money”.

Supplementary memorandum by the Department for Business, Enterprise & Regulatory Reform
(BERR) and the Department for Innovation, University & Skills (DIUS)

BERR co-ordinated the UK’s response to the original concept IMI and retains a strong interest eg providing
an alternate member for the MS representative group. BERR has worked closely throughout the development
phase of IMI with ABPI and BIA to ensure a programme (and policy) that matches industry needs.

Professor Davies: It depends on the tests you are
talking about, does it not? In my field, sickle cell
disease, we used to do the genetic tests by looking at
the protein, haemoglobin, and it cost five pence per
test. As yet, doing it by sequencing, that gene is not
cheaper. It will only come in when it becomes
cheaper. The added cost is: Is it supplementary or is
it alternate? This is an area where the costs of the
technology are coming down all the time, and the
speed of it, so some of it is likely to add cost but I
think you have to look at it case by case and what the
advantage is. If you take, as I would in a broad
definition of genomics, the treatment of chronic
myeloid leukaemia with imatinib, it is a very
expensive drug, but it keeps people out of hospital so
that they only go in in their terminal phase. You have
to think about each example and then look at the cost
of putting it in or what it does to the patient journey
thereafter and the impact on the service then.
Dr Bale: We have funded, through the White Paper
money, the first NHS chair in pharmacogenetics in
Liverpool, who has already been doing some work on
the pharmacogenetics of certain adverse drug
reactions for some of the commonly prescribed
drugs. The figures for warfarin and for other drugs
prescribed for epilepsy are quite compelling. A very
simple test given to a patient before they go on the
drug can stabilise the dose much more quickly and
with fewer side-eVects and hospital admissions. In
some cases, it can even prevent extremely severe side-
eVects which will be apparent in some populations, in
some of the oriental populations, if they have a
particular marker they should not have this drug for
epilepsy because of the risk of severe side-eVects.
There is a quite clear cost-benefit there which can be
very easily applied at the time as part of the
evaluation process.

Q121 Chairman: Thank you very much. If you have
any further comments about any of the issues, please
could I encourage you to send in more evidence. I do
not know if you have any last comments to make.
Professor Davies: I think you have given us a very fair
hearing. Thank you.
Chairman: Thank you again for coming here. We
appreciate it very much.
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BERR requested the MRC to represent the UK on the Member States Representative Group and to provide
the National Contact Point (NCP) for academics. The Technology Strategy Board provides a NCP for
business.

The Academy of Medical Sciences (AMS) “badged” the first UK IMI event in November 2007. Subsequent
to this the MRC have taken the lead in promoting awareness of IMI in the UK and organised a major event
in February 2008 with over 200 attendees. The event was co-sponsored (and actively promoted) by AMS,
ABPI, BIA, DIUS, BERR, MHRA, AMRC and DH.

In addition the MRC:

— provides information on its website and in its Network magazine; and

— has funded networking activities to allow academics to prepare their Expressions of Interest. Support
covers activities such as travel, accommodation and meeting-room hire. To date, 10 groups have been
supported

BERR has worked closely with the BIA to ensure its member companies have been made aware of IMI
opportunities. In addition, BERR has promoted IMI with our network of Bioscience and Healthcare contacts
in the Regional Development Agencies and gave a presentation on IMI at a BERR/RDA meeting in April.

The first IMI call for proposals was launched on the 30 April 2008 under the broad themes of safety (six
projects), eYcacy (seven projects) and education and training (five projects). The Commission will invest ƒ123
million matched by ƒ173 million from EFPIA member companies. The closing date for expressions of interest
was 15 July 2008 and we cannot predict likely UK involvement until the end of the year when a single
consortium will be invited to submit a full proposal (for each of the 18 projects) for second stage consideration.

September 2008
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WEDNESDAY 21 MAY 2008

Present Colwyn, L Perry of Southwark, B
Finlay of Llandaff, B Taverne, L
Northesk, E Warner, L
Patel, L (Chairman) Winston, L

Memorandum by the Wellcome Trust

Summary

Genetics and genomics research is advancing at a rapid rate—leading to major breakthroughs in our
understanding of the role of genes in a wide range of diseases. We believe that this research oVers enormous
potential for the development of new healthcare innovations over the coming decades.

The UK is a world leader in genetics research, and is ideally positioned to play a key role in delivering the vision
of genomic medicine. In order to fully realise the resulting health and economic benefits, it will be vital that the
Government develops the mechanisms and resources required to support this research and ensure its eVective
translation via the health service.

The key messages contained in our response are summarised below.

Key Messages

It is essential that UK funders (including Government, charities and industry) sustain investment in genetics
and genomics research, and that their eVorts are coordinated eVectively. Continued international
collaboration will also be vital to deliver genomics research and develop and sustain the underpinning data
resources that it requires.

We are deeply concerned that the long term sustainability of the European infrastructure that makes freely
available the sequence and variation of the human genome and the genomes of many other species should be
so heavily dependent on private philanthropic funding.

In order to unravel the role of genetic, environmental and lifestyle factors in multi-factorial diseases, studies
of large patient cohorts will be essential. The NHS provides a unique research resource—oVering potential to
link large-scale genomic data with information on health outcomes and responses to treatments captured in
electronic patient records.

Genomics research and its health applications raise significant ethical, legal and social issues, including key
concerns relating to confidentiality and consent. The regulatory framework must achieve a suitable balance—
ensuring a supportive environment for research and its translation for health benefit, whilst providing robust
safeguards to address these issues.

The Government must plan eVectively for the implementation of genomic medicine in the health service. In
particular, there is a need to establish mechanisms for evaluating the clinical eVectiveness of genetic and
genomic tests, and to significantly expand eVorts to educate medical professionals throughout the health
service on these technologies.

Continued support for public engagement activities will be crucial in order to ensure that patients are equipped
to understand genetic risk information, and to foster a supportive public environment that allows the
healthcare benefits of genomic medicine to be realised.

Introduction

1. The Wellcome Trust1 is pleased to have the opportunity to contribute to the Select Committee’s inquiry on
genomic medicine.

2. The Wellcome Trust is the largest charity in the UK. It funds innovative biomedical research, in the UK
and internationally, spending around £650 million each year to support the brightest scientists with the best
ideas. The Wellcome Trust supports public debate about biomedical research and its impact on health and
wellbeing.
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3. We are a major funder of genetics and genomics research—providing support through our grant funding
programmes for outstanding scientists in the UK and overseas to take forward cutting edge genetics research
and related technology development activities. For example, we fund the Wellcome Trust Centre for Human
Genetics in Oxford, which undertakes a broad research programme to investigate genetic susceptibility to
disease and to translate this knowledge into advances in healthcare.

4. We also support the Wellcome Trust Sanger Institute2 in Hinxton, Cambridgeshire—one of the world’s
leading genomics research centres. The Sanger Institute played a key role in the international Human Genome
Project, taking responsibility for producing one third of the genome sequence. Its current research programme
focuses on large-scale studies of genetic variation to advance our understanding of gene function in health and
disease. The Sanger Institute has submitted its own response to the Committee’s inquiry.

5. Over recent years, we have supported several major initiatives—both at the Sanger Institute and
elsewhere—that are developing key genomics research resources for the international research community.
Several of these initiatives have been developed in partnership with other funders—including public sector,
charitable and commercial sector organisations. Examples include the International HapMap Project, the
Structural Genomics Consortium and the UK Biobank.

6. Through our Biomedical Ethics programme, we fund research to examine the ethical dimensions of
biomedical science and healthcare—this has included several projects exploring issues arising from genetics
and its healthcare application.3 We also support a broad range of activity to engage the public in biomedical
science and its implications for society. In 2008, we launched a special call for proposals for public engagement
projects addressing the theme of genes and health.4 In addition, we fund the NuYeld Council on Bioethics and
the Genetic Interest Group.

7. Our detailed comments in response to the specific questions raised by the Committee follow below. This
response was informed by expert inputs from several grant holders and members of our advisory committees.
We would be pleased to provide further details on the issues highlighted in this response or on any of the
Wellcome Trust’s activities in this area on request.

Responses to Consultation Questions

Policy framework

Questions

— Who is in charge of setting and reviewing policy in this area?

— Who provides scientific advice on policy development? Who monitors and anticipates potential
scientific developments and their relevance to future policy? How eVective are these mechanisms?

— Does the existing regulatory and advisory framework provide for optimal development and
translation of new technologies? Are there any regulatory gaps?

— In what way is science and clinical policy decision-making informed by social, ethical and legal
considerations?

— How does the framework compare internationally?

8. We consider that the Department of Health has the primary responsibility for setting policy in relation to
the uptake of genomic medicine into the health service in England. Via the National Institute of Health
Research (NIHR), it is also responsible for funding and coordinating research undertaken in the NHS, and
for translating this research into improvements in health services. The health departments of the devolved
administrations likewise have the primary role for most aspects of policy development in Scotland, Wales and
Northern Ireland.

9. The Government’s 2003 White Paper on Genetics (Our inheritance, our future) announced a series of
initiatives to develop genetic services in the NHS. We consider that the White Paper provides a useful
foundation, but that further investment in, and expansion of these initiatives will be needed in order to ensure
the NHS will be equipped to maximise the potential of advances in genomics for health benefit.

10. The Department for Innovation, Universities and Skills (DIUS) and UK Research Councils—primarily
through the Medical Research Council (MRC)—also have a key policy roles in terms of allocating public
funding for basic and applied genetics and genomics research. The new OYce for Strategic Coordination of
Health Research (OSCHR) will assist in enhancing the coordination of MRC and NIHR research activities,
and ensuring their optimal translation into health policy and practice—both in the context of genetics and
genomics, and more broadly.
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11. Since 1999, the Human Genetics Commission (HGC) has served as the Government’s dedicated advisory
body on human genetics—with a remit to analyse current and potential future developments and to advise
ministers on their healthcare impacts and ethical, legal and social implications. Over its lifetime to date, the
HGC has delivered a large amount of valuable work in this regard. We believe that there remains a need for
an advisory body of this type, and that the HGC should continue to fulfil this role. There may, however, be
scope for the HGC to refine its terms of reference to provide greater focus for its work moving forwards.

12. A key function of the HGC is to gather and coordinate information from the diverse range of stakeholders
that contribute to policy development on issues related to genetics and its healthcare application. It will be
crucial that the HGC retains the capacity to consult widely and to balance the diverse range of opinions it
receives. The key stakeholder groups include:

— other statutory and non-statutory advisory bodies—including the Gene Therapy Advisory
Committee, the Genetics and Insurance Committee and Human Fertilisation and Embryology
Authority;

— the National Institute for Health and Clinical Excellence (NICE) and the Medicines and Healthcare
Products Regulatory Agency (MHRA);

— the research community (academic and commercial sector)—including research funders, institutions
and individual researchers;

— public interest and advocacy groups;

— professional societies—such as the Royal Society and Academy of Medical Sciences;

— the NuYeld Council on Bioethics; and

— the medical and associated professions.

13. We recognise that advances in genetics are raising important ethical, legal and social implications which
will need to be considered by regulators. We discuss many of these issues in our responses to the questions that
follow, but the key concerns include:

— providing robust safeguards to protect confidentiality of individuals, whilst maximising secure
sharing of data for research—as rapid technological advances make identifiability of individuals
from genomic information an increasingly significant risk;

— determining the criteria through which genetic tests are licensed for use in the health service and
establishing eVective processes and guidance for the communication of genetic risk information to
patients;

— ensuring equitable access to the health benefits of genomics—including managing risks that “orphan
populations” will emerge and ensuring the benefits reach the world’s poor;

— safeguarding against risks of discrimination and stigmatisation on the basis of genetic
information; and

— addressing concerns relating to genetics, race and ethnicity.

14. It is our view that the current regulatory framework in relation to genetics is satisfactory. We believe that
it should be possible to respond to these issues through the use of existing structures, and that there is no clear
need for additional regulatory or advisory bodies at this stage. We consider that the overarching goal of the
regulatory framework must be to maintain an appropriate balance—providing a conducive environment for
genomics research and its translation to health benefits, whilst ensuring that appropriate safeguards are
established.

15. In order to anticipate and examine these issues, there will be a continued need to support high quality
research into the ethical, social and legal implications of genetics and genomics, and to ensure that the
outcomes of this research are considered in policy development. It is also vital that work is progressed to
engage the public in discussions on genomic medicine and the issues it raises for society, as an informed and
supportive public will be essential if the health benefits are to be realised. The Wellcome Trust will continue
to support such work through its biomedical ethics and public engagement funding schemes and other direct
activities, furthering opportunities to work in partnership with others where appropriate.

16. It is also important to note that policy developments relating to genetics and genomics are necessarily
taking place in a broader international context—with discussions at European Union, OECD and United
Nations (UNESCO and WHO) level. The UK should continue to contribute actively to these international
processes—ensuring the development of conducive frameworks for international collaboration; facilitating
regulatory harmonisation; and creating global frameworks to maximise benefits of genomics for global health.
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Research and scientific development

Questions

— What is the state of the science? What new developments are there? What is the rate of change?

— Who is taking the lead in the consideration and co-ordination of research and the development of
new technologies?

— How eVective is the policy and investment framework in supporting research in this area?

— How does research in the UK compare internationally? How much collaboration is there?

— What are the current research priorities?

— What is the role of industry? How much cross-sector collaboration takes place?

17. The fields of genetics and genomics are advancing at a rapid rate, and have revolutionised basic biological
research. Following the culmination of the Human Genome Project (HGP), there have been profound
advances in our understanding of the structure of the human genome and the connection between genes and
diseases.

18. Through the Wellcome Trust Sanger Institute, the UK was able to play a leading role in the HGP. The
Sanger Institute has continued to contribute to major international collaborative initiatives to further our
fundamental knowledge of the genome and to characterise human genetic variation—key examples include:

— International HapMap Project—a partnership involving research centres in six countries to
characterise markers of variation across the human genome (building on the work of the earlier SNP
Consortium which identified sites of single nucleotide variation in the genome);

— Genome Structural Variation Consortium—a project to characterise copy-number variations across
the human genome, a previously underestimated source of genome variation;

— ENCODE (Encyclopaedia of DNA elements)—an international initiative funded by the US
National Institutes of Health to characterise functional elements in the human genome;

— 1,000 Genomes Project—a new international initiative to characterise the genomes of 1,000
individuals from around the world in order to produce the most accurate map yet of human genetic
variation.

19. Scientists from all over the world are utilising the information generated by the Human Genome Project
and these subsequent initiatives to gain new insights into how genetic factors underpin disease processes. The
Cancer Genome Project at the Sanger Institute (see Box 1) is an example of a major initiative of this type, which
is systematically scanning the genome to identify genes that contribute to the development of human cancers.

20. Recent years have also seen dramatic advances through genome-wide association studies in large patient
cohorts—these are utilising our knowledge of the genome together with rapid advances in genotyping
technologies to begin to identify genetic factors that contribute to the development of complex multi-factorial
diseases. The Wellcome Trust Case Control Consortium (see Box 2) has been the largest such study to date.

21. The results of the first phase of the Case Control Consortium illustrate the immense power of genome-
wide association studies—providing vital new insights into the biological processes underpinning major
diseases that would not have been possible using traditional approaches. It is crucial to emphasise, however,
that our knowledge of the role of genetic factors in these diseases is still at a relatively early stage. Given that
the total genetic contribution by most genetic factors is small, much more research is needed to characterise
the ways in which particular factors influence risk or protection. Additional and larger studies are needed to
understand how genetic factors interact with other genes and with the environment to underpin the
development of these diseases.

22. The UK Biobank5 will collect samples and medical information for 500,000 UK citizens between the ages
of 40 and 69, will be an invaluable resource to investigate the interplay between genetic, environmental and
lifestyle factors in common multi-factorial diseases, as well as the relationship between intervention and health
outcomes. UK Biobank is funded in partnership between the Wellcome Trust, the MRC, the Department of
Health, the Scottish Executive and the Northwest Regional Development Agency.

23. It is vital not to overlook the contribution that advances in genomics could make in the area of infectious
disease. The availability of pathogen genome data, combined with the genomes of their human and animal
hosts and vector organisms, is enabling researchers to make significant advances in understanding how
infectious agents interact with their host organisms to cause disease. This knowledge will enable the
development of improved diagnostics, vaccines and therapeutics to combat these global killers, and the
academic, clinical and commercial sectors will need to work together to develop and evaluate these tools.
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24. Overall, we consider that the UK is a world leader in genetics and genomics research. Continued
investment in basic, clinical and applied research from governmental, charitable and commercial sector
funders will be vital to build on these foundations, and ensure that the UK is able to realise the health and
economic benefits of innovation in this area.

25. As many of the initiatives described illustrate, extensive collaboration amongst research teams, both at a
UK and international level, is already a key feature of research in this field. The challenges faced in
understanding the genome mean that large-scale approaches are required, with coordination at a global level
to maximise the eVective use of research funds. These partnerships are being driven forward by the research
community, with the support of funding agencies. The UK’s involvement in such partnerships to date has been
backed to a considerable extent through funding from the Wellcome Trust and other non-governmental
sources. There might be scope for the MRC and other public funders to take a more proactive role in
supporting these international initiatives.

Box 1—The Cancer Genome Project6

The Cancer Genome Project was launched by the Wellcome Trust Sanger Institute in 2000 under the
leadership of Mike Stratton. Its aim was to identify somatic mutations implicated in human cancer, by
systematically comparing the genomes of cancer patients with the reference genome generated via the
Human Genome Project.

In 2002, the project had an early success with the identification of the signalling molecule BRAF as an
oncogene in human cancer. Mutations in the BRAF gene were found in 60 per cent of malignant
melanomas, 10 per cent of colorectal cancers and 40 per cent of borderline ovarian cancers screened in
the study. The group has subsequently identified a number of other genes—including ERB2, activating
mutations for which were found in a proportion of lung cancers. These gene products form novel targets
for cancer drug development, and programmes to identify small molecule inhibitors for both BRAF and
ERB2 are being taken forward in partnership with academic and industry partners.

The group subsequently focused their search for cancer genes on the protein kinase family of cell
signalling molecules. In a paper published in Nature7 in March 2007, the project announced the
identification of 1,000 somatic mutations in 518 protein kinase genes in 210 diverse human cancers. The
paper described significant variation in both the numbers and patterns of mutations across diVerent
cancers and suggested that a larger repertoire of genes are implicated in cancer than previously
anticipated.

In taking forward its work, the group has developed key resources for the cancer research community—
including the COSMIC database, which collates data on somatic mutation from the Cancer Genome
Project and scientific literature. The project is also now being extended in the context of the
International Cancer Genome Consortium—an international confederation, which includes the
Wellcome Trust and the Sanger Institute, to identify the causative mutations underlying 50 cancers.
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Box 2—The Wellcome Trust Case Control Consortium8

The Wellcome Trust Case Control Consortium (WTCCC) bought together 50 leading research groups
and 200 scientists from a range of UK institutions, supported by £9 million funding from the Wellcome
Trust. It analysed DNA samples from 17,000 individuals across the UK to study seven common diseases
(bipolar disorder, Crohn’s disease, coronary heart disease, hypertension, rheumatoid arthritis and type I
and type II diabetes)—in each case, comparing DNA samples from 2,000 patients for common genetic
variations against a set of 3,000 control samples. The study analysed 500,000 markers of single base-pair
variation (single nucleotide polymorphisms) across the human genome.

A series of major scientific publications were produced during 2007 from the first phase of the initiative.
As well as confirming the involvement of some genes for which disease association had already been
reported, the study also identified novel genes that aVect susceptibility to these complex diseases. The
major advances made by the WTCCC and other genome association studies was illustrated by its
selection as Science magazine’s “breakthrough of the year” for 2007.

In 2007, the Wellcome Trust committed a follow-on award of £7.7 million to WTCCC to further
investigate the genes it had identified and to characterise copy number variations. In April 2008, we
announced a further £30 million in follow-up funding for a series of genome-wide association studies.
Together these studies will analyse DNA samples from 120,000 people, enabling researchers to
investigate 25 diseases, as well as supporting studies into the genetics of learning in children and
individuals’ response to statins.

26. The commercial sector has pivotal role to play in genomics research, and maximising collaboration
between academia and industry will be vital to ensure the eVective translation of research advances into new
healthcare products and technologies. Furthermore, there are already strong examples of collaborative
initiatives which have bought together public sector, charitable and industry funders to build key research
resources for the benefit of both academic and commercial sector researchers. Examples include:

— the SNP Consortium—a partnership established in 1999 between the Wellcome Trust, 13
pharmaceutical and technological companies and sequencing centres in the UK and US to
characterise sites of single base pair variation across the human genome;

— the Structural Genomics Consortium—an international collaboration supported by the Wellcome
Trust, public sector funders in Canada and Sweden, and three pharmaceutical companies
(GlaxoSmithKline, Merck and Novartis) for large-scale characterisation of protein structures;

— the Severe Adverse Events Consortium—a consortium with support and involvement from Novartis,
Abbot Laboratories, Johnson and Johnson, GSK, Wyeth, Roche, Pfizer, Sanofi Aventis, Takeda,
Daiichi-Sankyo and the Wellcome Trust, which is aiming to identify DNA-variants useful in the
prediction of drug-induced serious adverse events—with the translational goal to improve patient
safety and reduce morbidity related to adverse events.

Data use and interpretation

Questions

— Is genomic information published, annotated and presented in a useful way? Should there be a
common, public database? If so, who should fund, and have responsibility for, such an initiative?

— Who should provide the framework for optimal evaluation of data and translational opportunities?
What policy and funding mechanisms are in place for recognising and utilising potential
opportunities?

— Is other medical information recorded in a suitable format to allow optimal interpretation of
genomic data? How should genomic data be brought together with other health information?

— What are the implications of the generation and storage of genome data on personal data security
and privacy, and on its potential use or abuse in employment and insurance? How should these be
addressed?

27. The Human Genome Project set a new paradigm for sharing of research data in the life sciences—with the
sequence information being placed in the public domain immediately, so that it was freely available to all
without restriction. We believe as fundamental principle that genomic research data should be shared as widely
as feasible in order to maximise their use for ultimate health benefit, subject to issues of consent and
confidentiality of research participants (as explained further below). We have actively promoted the
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development of data sharing policies in line with this principle for the major genomics research initiatives that
we have supported.

28. There are established database resources and software tools in place to store and annotate genome
sequence data in a form suitable for use by the research community. One key resource is the Ensembl genome
browser, which has been developed in partnership between the European Molecular Biology Laboratory
(EMBL)—European Bioinformatics Institute (EBI) and the Sanger Institute and is funded by the Wellcome
Trust. It is vital that public funding agencies also provide long-term funding commitments to ensure that key
research resources of this type are sustained. We are deeply concerned that the long term sustainability of the
European infrastructure that makes freely available the sequence and variation of the human genome and the
genomes of many other species should be so heavily dependent on private philanthropic funding.

29. The huge volumes of divergent data that are being generated by life sciences research in the genomic era
continue to create demands for new, more powerful informatics resources and platforms to enable researchers
to share, analyse and interpret this information. Coordination at EU and international levels will be vital to
build and sustain the data resources required to underpin this research, and to ensure the establishment of data
standards that allow the comparison and integration of divergent datasets to maximise their use. It is crucial
that the UK continues to contribute actively to these initiatives.

30. We support the EBI, which will has a vital role in this regard. The EBI is participating in the development
of several major European-level initiatives to develop the data infrastructure needed to underpin life science
research—including, for example, the ELIXIR (European Life Sciences Infrastructure for Biological
Information) project. It is vital that the UK continues to advocate for long-term sustainable European Union
funding for this key resource provider.

31. Whilst established resources exist for researchers, the provision of genomic data in a format suitable for
use by clinicians is less well advanced. As genomics research advances and more clinically-relevant findings
result, there will be a need for resources that collate and present information in a way that can support
clinicians in their decision making. One example of an existing project is the DECIPHER (Database of
Chromosomal Imbalance and Phenotype in Humans using Ensembl Resources) initiative at the Sanger
Institute, which uses genomic array technologies to identify chromosome abnormalities in children with
developmental defects and presents this alongside clinical information about chromosomal abnormality.
Further support for the development of these types of tools, alongside the provision of education and guidance
for clinicians (as highlighted below) will be crucial.

32. As highlighted above, unravelling the genetic, environmental and lifestyle factors that contribute to the
development of complex multi-factorial diseases will require studies of large cohorts, which bring together
genomic data with medical and lifestyle information. The UK Biobank will provide an invaluable resource to
undertake this work. A current limitation in such studies is the lack of suitably robust systems to measure and
record phenotypic information in a consistent format, and the development of new standards and formats for
such data is required.

33. Building on this point, we believe that the medical information held by the NHS has enormous value as
a research resource. There is considerable potential to utilise the information collected on electronic patient
records in the context of these large-scale studies, and to develop systems for capturing phenotypic and lifestyle
information in consistent and accurate formats. The Research Capacity Programme within the Connecting for
Health initiative holds considerable promise in this regard. The Trust is funding a joint initiative in partnership
with the MRC, EPSRC and ESRC to support the use of electronic patient records in research, and there will
be considerable scope in the future to integrate genetic information with medical record information in these
types of studies.

34. We suggest that Generation Scotland provides a good model of how NHS patient records can be harnessed
in the context of translational medicine, and how large-scale genetics studies could be integrated alongside
clinical genetics and associated public engagement activities. There might be strong potential for the system
in England to adopt this more joined-up approach.

35. Whilst we believe that the opportunities to share genomic data should be maximised, it is vital that
appropriate technical and regulatory safeguards exist to protect the confidentiality and security of personal
information collected and used in research and healthcare practice. In the context of research, there are well-
established mechanisms to de-identify data which can provide appropriate protections to safeguard the
confidentiality of participants. We recognise that, as genotyping technologies advance and whole-genome
sequencing becomes technologically feasible, it may become possible to identify individuals from genomic
data. Although this is a hypothetical concern at this stage, it will be vital that the regulatory framework keeps
pace with rapid technological developments in this area. There are also legitimate concerns regarding the use



Processed: 29-06-2009 20:38:59 Page Layout: LOENEW [O] PPSysB Job: 411133 Unit: PAG2

75genomic medicine: evidence

of genetic information in non-medical contexts—including insurance and employment, and appropriate
regulatory provisions will likewise be required to address these concerns.

36. Another key issue in the context of research is that of informed consent. Individuals must be provided with
suYcient information on how their data will be used in order to enable them to make an informed choice as
to whether to participate in a particular research project. For the purposes of research, however, it is often
desirable to attain broad consent so as to maximise the potential uses to which the data can be put and the
resulting benefit that can potentially be gained. Balancing these requirements is a significant challenge in large-
scale cohort studies.

37. The UK Biobank initiative has an Ethics and Governance Framework in place. This sets out the ethical
standards guiding the project, and is widely seen as a “gold standard” for population cohort studies. There is
considerable potential to develop enhanced collaboration between the major cohort studies that are taking
place in diVerent countries in order to maximise the value of the data collected, and ensure the development
of common best practice frameworks. The Public Population Project in Genomics (P3G) consortium9 aims to
promote scientific interoperability and harmonization of regulatory frameworks between major cohort
studies.

Translation

— What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

— Who is responsible for translation to clinical practice?

— Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

— How does the UK compare to other countries and what lessons can be learnt?

— How meaningful are genetic tests which use genome variation data? What progress has been made
in the regulation of such tests?

38. We consider that genomics research oVers huge potential for the development of new and improved
diagnostics, therapeutics and preventive approaches over the coming decades. The Department of Health has
ultimate responsibility for ensuring that these innovations are taken up into health service, but the
pharmaceutical and biotechnology sector will also have a key role in progressing the commercial development
of new healthcare products and technologies.

39. It is our view that the translation of advances in genetics into clinical application will proceed gradually,
and that new innovations will emerge incrementally in the majority of areas. Nonetheless, it is vital that the
health service plans eVectively and sets in place the systems required to ensure the eVective uptake of clinically-
useful technologies as they develop.

40. The impact of genomics on drug development pipelines has not as yet been as profound as many had
predicted. The use of genomic technologies is, however, resulting in the identification of new potential targets,
with potential to enable the development of new, more eVective drug treatments in some therapeutic areas. One
such area is cancer, and the identification of the BRAF target in the Cancer Genome Project (Box 1) provides
an example of how genomics research can feed rapidly through into new drug development projects.

41. It is also likely that there will be a gradual emergence of new treatments that aim to combat disease through
the alteration of gene function. Over the coming decade, some treatments based upon gene therapy approaches
should enter clinical practice—most likely for either monogenic diseases or cancer. We are also likely to see the
further development of more sophisticated gene silencing approaches, utilising the techniques of RNA
interference (RNAi).

42. In terms of genetic testing, the main focus in the short term is likely to remain on tests for monogenic
disorders, and rarer subsets of common diseases where a single gene has a major impact. Although much
research remains to be done to identify the genetic factors that underpin multi-factorial diseases, it is likely
that some clinically-useful tests to predict risk of diseases of this type will start to emerge over the coming years.
In addition, ongoing rapid technological developments are likely to bring the cost of individual genotyping,
and even whole genome sequencing, down to more cost-eVective levels over the next decade.

43. The introduction of new genetic and genomic tests into healthcare practice will need to be based on a
rigorous consideration of their power and the clinical utility, together with careful assessment of their cost-
eVectiveness; consideration of how the information generated will be communicated to, and used by, patients;
and examination of wider ethical issues they raise. Because our understanding of genetic risk factors of
common diseases is at a relatively early stage, further research is needed before information on genetic risk
factors for these diseases will have value in a clinical setting.
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44. Recent reports by the Human Genetic Commission10 and PHG Foundation11 have highlighted the absence
of a clear process for the clinical evaluation and regulatory approval of new genetic tests. We agree with their
conclusions that this is an area which needs further attention. Significant concerns are also being raised about
direct-to-consumer marketing of genetic tests. Regulation of companies oVering such services constitutes a
significant challenge, and will create a need to ensure that accurate and trusted sources of information are
available to the public on the tests they provide.

45. Over the coming years, it is also likely that there will be a gradual emergence of pharmacogenetic tests,
which aim to ensure prescription of the most eYcient drug, or combination of drugs, based on a patient’s
genotype. These technologies could result in significant benefits both for patients and the health service—
reducing unnecessary prescribing and the risk of adverse events. Advances in pharmacogenetics do, however,
raise a series of ethical concerns—including the risk that sub-populations will develop for which no eVective
drug treatment exists for a particular disease. There are also important questions as to how new tests should
be approved in the context of drug licensing and over the implications of possible market segmentation on drug
development. The scientific and ethical issues associated with pharmacogenetics have been considered in detail
in reports by the Royal Society12 and NuYeld Council on Bioethics.13

Biomarkers and epidemiology

— In what way do genome-wide association studies contribute to the identification of biomarkers? How
is the study of genetic factors and biomarkers integrated for translational purposes?

— What impact will genomic data have on data emerging from projects such as UK Biobank,
Generation Scotland and other biobanks?

46. The potential identification and use of biomarkers is an area that is receiving considerable attention, and
is likely to be accelerated by genome-wide association studies. However, a lot more basic research is needed to
develop these studies and translate the knowledge generated into new biomarkers. As with genetic tests,
eVective systems will also need to be established for the clinical evaluation of tests based on biomarkers.

47. The availability of genomic data and that emerging from biobanks will provide a very powerful tool for
researchers studying the various environmental and genetic factors at play in complex diseases. As indicated
above, the UK is uniquely positioned to exploit the data emerging from the UK Biobank and in its ability to
access patient data from the NHS to inform such studies.

48. Many of these issues are considered in more depth in the report of a joint European Union-Wellcome Trust
meeting held in September 2005.14 This meeting highlighted the importance of developing bio-resources and
nation wide-registers to correlate genotype, phenotype and environmental information, and for closer
coordination of biobank resources across Europe. The latter is being developed in the context of the EU
Biobanks project, as part of the European Strategy Forum for Research Infrastructures (ESFRI).

Use of genomic information in a healthcare setting

— What impact will genomic information have on the classification of disease? How will it aVect disease
aetiology and diagnostic labels?

— How useful will genomic information be as part of individualised medical advice? What provisions
are there for ensuring that the individual will be able to understand and manage genomic
information, uncertainty and risk?

— Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

— What are the implications of developments in genomic technologies for the training of medical
specialists and other health professionals? Are there any gaps that need addressing? What is the
assessment and planning for future needs in capacity?

49. It is likely that as our knowledge of the role of genes in diseases processes increases there will be new
classifications of disease, as well as greater sub-classification of diseases, based on underlying genetic profiles.
The hope is that this will ultimately enable preventive strategies and treatment options to be targeted more
eVectively based on the underlying genetic characteristics of the disease.

50. As our understanding of how genetic factors underpin complex diseases is still at a relatively early stage,
it is likely to be some time before this vision is fully realised. As noted above, appropriate processes will need
to be developed to evaluate genetic tests before they are provided on the health service in terms of their power,
clinical value, cost implications and any broader ethical implications. There will be particular concerns in
situations where no eVective clinical intervention exists based on the outcomes of the genetic test.
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51. It is likely that the provision of genomic and pharmacogenetic tests will in the future be provided at the
point of primary care, rather than through specialist genetic services. There will also be an increasing number
of patients who will seek advice from physicians based on results of direct-to-consumer genetic tests. There is,
therefore, an urgent need to ensure that professionals across the health service are educated on genetics and
the ethical and social issues it raises. They must also have access to accurate information on what genetic tests
are available and the clinical implications of the results; and be able to accurately convey genetic risk
information to patients. Access to specialist genetic counselling services will need to be provided where
appropriate.

52. The 2003 Genetics White Paper and the Progress Review published in April 2008 recognise the importance
of educating medical professionals in genetics. It is vital that initiatives in this area are expanded significantly.
We also agree that there will be a need for development of clear clinical guidelines for the communication of
genetic and genomic risk information.

53. It is expected that the availability of genomic information will ultimately provide the potential to target
preventive public health interventions within the population—with the goal of encouraging those at particular
risk of developing diseases to reduce lifestyle risk factors. Large questions remain, however, on the extent to
which patients will act on risk information and adopt appropriate lifestyle interventions. We suggest that there
is a pressing need for further research studies to examine how behavioural interventions can be successfully
implemented, if genomic information is to be utilised eVectively in a public health context.

54. As highlighted above, underpinning all of this is a need to ensure the public is appropriately informed and
engaged on advances in genetics and genomics and the ethical and social questions they raise. The media and
research community have vital roles to play in ensuring that this information is communicated in a balanced
way in terms of the benefits and risks, and that the public have realistic expectations of genomics and its
healthcare potential. As noted above, continued focus by Government and other funders on public
engagement work should remain a core component of eVorts to ensure the vision of genomic medicine is
realised.
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Memorandum by the Wellcome Trust Centre for Human Genetics

Below, I will address only some of the questions on which the enquiry seeks evidence. I have also seen the
submission which will be sent by the Wellcome Trust.

Research and Scientific Development

What is the state of the science? What new developments are there? What is the rate of change?

In the area of basic research into the genomic causes of common diseases, immense progress has been made
within the last two years, and the rate of discoveries is increasing. The key reasons for this are: (i) technologies
have been developed to allow determination of common genetic variants across the whole genome, both
quickly and cheaply, in many individuals; (ii) large cohorts of people with disease have been brought together
for comparison with similar numbers of healthy people; (iii) methods have been developed to get the most
information from the resulting massive datasets.

Where 18 months ago there were only a handful of genetic variants reliably associated with common disease,
there are now well over 100 (see http://www.genome.gov/GWAstudies/ for a comprehensive list of published
studies).

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

Many research initiatives are international in scope. I chaired the WTCCC (Wellcome Trust Case Control
Consortium), a collaboration of 200 UK scientists responsible for the largest study to date of the genetics of
common diseases, and will also chair WTCCC2, a new consortium studying 15 diseases in x60,000 samples.

How does research in the UK compare internationally? How much collaboration is there?

The UK is a major international player in this field, in each of (i) technology development and access to new
technologies (ii) development of statistical methods to fully utilize the information in modern genomics data
sets, and (iii) performing successful disease association studies. As noted above, the single largest study of the
genetic basis of common diseases completed to date, the (WTCCC) was a UK-based collaboration. This study,
with follow-ups and collaborations, has been responsible for over 50 of the currently known associations. The
Wellcome Trust has recently announced £30 million in follow-up funding for association studies, including
WTCCC2, in 25 diseases, analyzing 120,000 DNA samples. It is evident that the UK leads the way in
collaborative studies that have revolutionized large-scale genetics.

What are the current research priorities?

Current priorities, both in the UK and elsewhere, include extending the now proven success of genome-wide
association studies, following up the existing findings to understand disease mechanisms and develop new
interventions, and applying next-generation sequencing technologies to large-scale studies of the genomics of
common diseases.

What is the role of industry? How much cross-sector collaboration takes place?

Broadly, private enterprise is involved in two aspects of current research: development and supply of advanced
technologies (especially novel genotyping and sequencing technologies), and service provision—high-
throughput sample processing and analysis. Most technology companies are US-based, although UK and
European companies have been responsible for key developments (eg Solexa next generation DNA
sequencing, developed in the UK but bought out by Illumina, a major US player in genomic technology).
Numerous companies oVer services to genomics research, in areas such as sample processing, genome-wide
genotyping and high throughput sequencing, and the market is essentially global.



Processed: 29-06-2009 20:38:59 Page Layout: LOENEW [O] PPSysB Job: 411133 Unit: PAG2

79genomic medicine: evidence

Data Use and Interpretation

Is genomic information published, annotated and presented in a useful way? Should there be a common, public database?
If so, who should fund, and have responsibility for, such an initiative?

Completed genomic association studies will provide immensely useful information for future data-mining and
meta-analysis. The (US) Database of Genotype and Phenotype (dbGAP) and the European Genotype Archive
(EGA, based at the European Bioinformatics Institute, Hinxton, Cambridge) have been established to meet
a growing need for the curation and storage of such genomic variation data, together with clinical and
phenotypic information. Data sharing between studies is not straightforward, partly because diVerent
platforms may be used, that result in data on diVerent sets of markers. It is clear that significant support will
be required to achieve a UK-European database that can extract the full value from resource-intensive
genomic studies.

Who should provide the framework for optimal evaluation of data and translational opportunities? What policy and
funding mechanisms are in place for recognising and utilising potential opportunities?

While individual scientists have incentives for recognizing the commercial and translational value of their
discoveries, these are not always pursued in their pressured work environment. However, a recent injection of
funding via OSCHR (OYce for Strategic Co-ordination of Health Research) for translational research had an
extremely positive impact.

Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How should
genomic data be brought together with other health information?

There are significant challenges in eYciently bringing together medical and genomic information, partly
logistically and partly because of the overarching need to maintain individual patient confidentiality. But there
are huge potential benefits, for (i) basic research, (ii) translational research, and (iii) NHS R&D. So it is vital
to tackle and overcome these obstacles.

What are the implications of the generation and storage of genome data on personal data security and privacy, and on
its potential use or abuse in employment and insurance? How should these be addressed?

Like any personal data, genome data must be kept securely, not least because the success of research eVorts
depends on the confidence of potential study participants that the detailed genetic data obtained will not be
used illegitimately to stigmatize, or to discriminate against, them. The spirit of data protection legislation
seems suited to this aim, although whether it is appropriately focused may need to be examined. In insurance,
the current (temporary) concordat between industry and government to govern the use of genetic test
information in setting premiums seems to be working well. For some comments on the likely distribution of
risks and broad utility of genome-wide profiling see section the subsequent answer to “How meaningful are
genetic tests . . .?”

Translation

How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation of
such tests?

The term “genetic test” has a range of accepted meanings. Traditionally, it has been used to describe tests to
confirm carrier or aVected status for rare genetic diseases, or for paternity tests. More recently, the idea of using
genome-wide data for risk assessment for a range of common diseases has become popular.

Much of the language and some of the discussion of “genetic tests” simply does not fit these new developments,
and does not apply to applications of results from genetic association studies. These latter are not genetic tests
in the sense of providing a definitive answer as to whether an individual has a particular genetic condition, or
will go on to develop a particular disease (like the current genetic test for Huntington’s disease). Instead, they
allow a refinement of estimates of individual’s risk of developing a particular disease. For common human
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diseases, the disease outcome is due partly to genetics and partly to environmental and lifestyle factors, and
we have not yet learnt all of these risk factors nor how they interact. What is possible now, and potentially
interesting as we discuss below, is that knowledge of genetic risk factors can be used to update risk assessments
for particular individuals, and potentially to identify sets of individuals at significantly increased risk.

Another important distinction relates to the consumer of the information. In the case of traditional genetic
tests, these were usually ordered by health-care professionals and the results returned to them, for passing on,
in a careful way, to their patient. My view is that current knowledge of genetic variants associated with
common diseases is not yet suited for routine medical use. However, as we discuss below, individuals
themselves may be interested and motivated enough to pay for these analyses.

Regarding this use of genomic data, I believe there is a crucial point which is not yet widely appreciated.

For a particular disease, and a typical individual, their genetics is unlikely to have a major impact on their
disease risk. Put another way, these genetic markers are not yet good predictors of disease outcome, as has
been widely noted. But there is another perspective.

Across the population as a whole there will be some individuals at greatly increased risk of disease, based on
their genetics. For example, based on our recent research using known genetic risk factors for Crohn’s
Disease,1 the top 5 per cent of the population have a disease risk which is 5–8 times greater than the average,
while the top 1 per cent have 9–15 times increased risk, and the top 0.1 per cent have 17–29 times the average
risk of disease. The analogous findings for Type 2 Diabetes are a 2–3 increase fold for the top 5 per cent, x4
times increase for the top 1 per cent and x6 times greater risk than the average for the unluckiest 0.1 per cent
of the population. In each case these elevations in risk will increase as our understanding of the genetic basis
of disease improves. Crohn’s Disease and Type 2 Diabetes are currently amongst the diseases with the most
advanced knowledge.

Here genetics has the potential to identify individuals at greatly increased risk. It is not yet known how best
to intervene to improve outcomes, and more research is urgently needed, but it seems wrong to ignore a method
for identifying such high risk groups—many of the risk factors of current focus in medicine identify subgroups
with much less increased risk.

From an individual’s point of view, for most diseases the genetic risk is about average, but over 50 or more
diseases the chance of being in the top 5 per cent for one or more is 95 per cent. So a potentially helpful
perspective on “consumer genomics” is that for the individual it can identify the small subset of diseases for
which their genetics puts them at much increased risk.

There is currently no regulation of the sale of genetic tests to consumers, and no distinction between the various
kinds of test and analysis available, whether for rare disease alleles or risk modifiers for common diseases. The
Council for Europe has taken the lead in this area, introducing draft regulations for consideration and
adoption by member nations that would, amongst other things, broaden the definition of a genetic test,
mandate medical supervision of the testing process, and require that tests meet standards of utility and
reliability. These seem to be wholly sensible aims, so long as they are framed in terms that recognize the massive
potential for technological and analytical development.

Biomarkers and Epidemiology

In what way do genome-wide association studies contribute to the identification of biomarkers? How is the study of
genetic factors and biomarkers integrated for translational purposes?

This is an area of active research, via large collaborative projects such as MolPAGE (Molecular Phenotyping
to Accelerate Genetic Epidemiology) a Europe-wide consortium coordinated from Oxford University that
aims to bring together large-scale data resources including genomics and genomic variation, transcriptomics
(RNA), metabonomics (small molecules) and proteomics (proteins) in tackling diabetes and related disorders.
Even where there is no formal integration of genomic data and biomarker searches, successful genome-wide
association studies inevitably lead to biomarker leads. Thus, a potentially important outcome of genomic
studies may be the identification of a key biomarker that is more predictive and hence clinically useful than
any single genetic variant.
1 Under plausible assumptions about disease model and actual eVect size, and allowing for error in estimating these eVect sizes.
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Use of Genomic Information in a Healthcare Setting

What impact will genomic information have on the classification of disease? How will it affect disease aetiology and
diagnostic labels?

Currently, disease heterogeneity is a potential problem in successfully identifying genetic bases for common
diseases (this is where multiple clinical entities are mistakenly lumped together). Conversely, successful
identification of genetic risk factors may allow more accurate designations to be developed, and may also lead
to a better understanding of common pathways. This has emerged in the results of the WTCCC and other
recent studies, where some genes are implicated in multiple diseases, and particular variants are associated with
both increased and decreased risk, in diVerent diseases. Currently, the main application of genetic association
information is in understanding aetiologies by identifying genes associated with disease that may then become
the targets for translational research.

How useful will genomic information be as part of individualised medical advice? What provisions are there for ensuring
that the individual will be able to understand and manage genomic information, uncertainty and risk?

Genomic information is already used in clinical management and personal medical advice, for rare genetic
diseases, where risk information is relatively straightforward to convey, but it may still prove challenging to
many patients. Its usefulness in formulating individualized advice concerning common diseases like heart
disease and type 2 diabetes is not yet clear, for several reasons. (i) we have only just begun to obtain reliable
information about genetic associations, so the total proportion of genetic risk that can be accounted for is still
low; (ii) the usefulness and eVectiveness of advice is unproven—does the genetic information change the advice
we give to a particular individuals, and will it be more likely to lead to a change in behaviour than non-genetic
information? (iii) Challenges remain in conveying complex probabilistic information to ordinary people.

We remain at an early stage in understanding risk for common diseases; we can identify risk factors, but we
don’t yet know how combine them with environmental eVects and with each other. We also don’t yet know
how to use this kind of information to make decisions—that is something that will change but needs urgent
research.

The number of potentially serious, relatively common diseases for which useful genomic information exists
will increase rapidly over the next few years, and the proportion of risk accounted for and the accuracy of
predictions for individuals will improve. In the face of many competing dangers, perhaps the most useful way
of thinking about personal genomic information may be in identifying the one or two diseases that comprise
the main threats to health for each person. Spread over up to 50 diseases, the cost would be modest and
comparable to other investigations, and genomic profiling could well become economical for general use.
Currently, family history tells us more than genomic information about the genetic component of risk for most
diseases; eventually genomic information will be more informative. For people with limited knowledge of
family medical history, genomic data will be particularly useful.

In summary, we can view data from genome-wide scans as potentially interesting for individuals, but not yet
appropriate for the NHS. No doubt this will change with time.

Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

There are issues about both test availability and advice. In the absence of reliable associations between genetic
variants and common diseases before the last year or so, it must be assumed that many established tests do
not provide useful information. Advice about genetic risk for common diseases will always be probabilistic,
and never absolute. Many people will need assistance in interpreting results of genomic scans or single gene/
disease tests, and this will require re-training of personnel. Together, these observations support the
introduction of minimum standards for conveying the results of new kinds of genetic tests that might include
one-to-one consultation with an appropriately trained genetic consultant.

What are the implications of developments in genomic technologies for the training of medical specialists and other health
professionals? Are there any gaps that need addressing? What is the assessment and planning for future needs in
capacity?

The most obvious need for training is in providing advice to individuals, either by medically qualified persons,
or by genetic counsellors. There will be a need, both for larger numbers of qualified professionals and for
changes and updates in knowledge, because of the changing nature of the information. Currently, most tests
confirm carrier or aVected status for a single disease, with clear implications for treatment, outcome and
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having children. Probabilistic information about competing risks and the uncertainty of predictions will
require careful handling and specialized training. More generally there is a major need to educate the
healthcare professionals themselves about the new findings in genomic medicine.

20 April 2008

Memorandum by the Cancer Research UK

1. Summary of Key Points

1.1 Cancer Research UK recognises the significant potential genomic medicine presents, and welcomes the
interest of the House of Lords in this area. However it is vitally important that the committee is clear in its
definition of genomic medicine. Cancer Research UK defines genomic medicine as “the use of genetic
information to determine disease risk and predisposition, diagnosis, prognosis, and the selection and
prioritisation of therapeutic options”. We strongly recommend that the Committee use a similar definition.

1.2 It is anticipated that genomic medicine will have a particularly significant impact in cancer. To expedite
the introduction of genomic medicine Cancer Research UK recommends that:

— through education and public debate, society is prepared for the introduction of genomic medicine
in the NHS.

— The Government must work with the National Health Services and education systems across
the UK to ensure that the UK is prepared for a future that embraces genomic medicine.

— appropriate planning and training ensures that advances in genomic medicine are supported by an
adequate medical workforce.

— The Higher Education sector together with professional groups, including the Royal Colleges,
should lead the development of a genomic medicine-ready workforce.

— regulation is in place to ensure that the public are able to benefit from the potential of genetic tests.

— The Government must develop and implement a regulatory framework with the support of the
National Institute for Health and Clinical Excellence (NICE) and the Medicines and Healthcare
products Regulatory Agency (MHRA).

— researchers are able to use NHS resources, such as electronic health records, to advance our
knowledge in this area.

— The Government must ensure that the regulatory framework governing research using patient
data is supportive and incentivises research.

2. Introduction

2.1 Cancer Research UK2 is the world’s largest independent organisation dedicated to cancer research. We
funded £315 million of research last year, supporting the work of more than 4,250 scientists, doctors and nurses
in over 35 towns and cities across the UK. Cancer Research UK recognises the value and importance of
genomic research and we fund a significant portfolio in this area. This has included major financial
commitments over the last three years for genome wide-association studies, which aim to identify new risk
factors for a number of common cancers including breast, prostate and colorectal.

2.2 Cancer Research UK welcomes the opportunity to respond to this consultation. The consultation is very
broad, and the Committee may wish to revisit the scope to give more clarity and direction to the review.

3. General Comments

3.1 The term “genomic medicine” is broad and can be ambiguous. It is often used as a catch-all term to cover
industrialised methods of data acquisition and analysis to improve medical care, including prognostics,
diagnostics, preventive intervention, therapeutic selection, and individualised treatment based on the complex
interaction between inherited and acquired elements of human variation. Further to this, in the case of cancer,
it is often helpful and necessary to distinguish between genomic medicine in relation to inherited susceptibility
to disease, and genomic medicine in relation to non-inherited, acquired (somatic) changes. It would be useful
if the Committee could clarify how they are defining this term.
2 Registered charity no 1089464
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3.2 We would also like to take this opportunity to highlight the importance of the NHS to genomic medicine.
The unique nature of the NHS should provide an enviable resource of well-annotated clinical material. We
recognise that much has and is being done to ensure the availability of this type of material though the
Research Capability Board (RCB), National Cancer Research Institute (NCRI), National Institute for Health
Research (NIHR) and NHS R&D. However the Government must commit the necessary long-term resource
if we are to gain the full potential from this type of research.

4. Policy Framework

4.1 There is no clear policy framework structure for genomic medicine. The Research Ethics Committees
(RECs) and the Patient Information Advisory Group (PIAG) provide aspects of social, ethical and legal
consideration for research in this area. However the role of these bodies is for prospective research applications
and not with ethical issues involved in implementing the results of research.

4.2 It is often diYcult to engage government in considering the how we can translate the results of research
into practical clinical application. We would welcome a process to review research findings and consider how
they might be implemented in conjunction with bodies such as the National Institute for Health and Clinical
Excellence (NICE) and the Medicines and Healthcare products Regulatory Agency (MHRA). Any review
body assigned this role should have representation from the laboratory and clinical staV from the NHS genetic
diagnostic services as well as representatives from academic medicine, patients, and the public.

4.3 In addition, there is a need for a defined regulatory framework for the development, licensing and
marketing of genetic tests to ensure that the public are not taken-advantage-of by unscrupulous companies.

5. Research and Scientific Development

Partnerships

5.1 This is an area with a significant amount of research and substantial collaboration both within academia
and between academia and the pharmaceutical and biotech industries. An example of this is a collaboration
between the Medical Research Council (MRC) and GlaxoSmithKline (GSK) to identify new therapeutic
targets from genetic association studies. More information can be found at http://www.mrc.ac.uk/
NewsViewsAndEvents/News/MRC004343.

5.2 Collaboration between academic groups within and out with the UK is driving forward the development
of new technologies and methodologies. One way this is achieved is through the sharing of reagents. However,
the incorporation of these technological developments into academic science is often dependant on the
availability of funding. International collaboration is often vital to the success of large studies where tissue
samples from across the globe are required.

5.3 The NCRI plays a role in identifying areas that require research investment and in the strategic
coordination of research activities of its member organisations. In parallel to this it is important for funding
organisations to place value on research that could provide benefit in the longer term. We have some concerns
that at times the Department of Health’s (DH) calls for proposals place too much weight on studies aimed at
short-term benefit, and that expectations of pharmacogenetics are somewhat overoptimistic.

Personalising healthcare

5.4 Given the interest in genomic medicine and the current rate of advancement in research it is likely that the
determinants of susceptibility in inherited predisposition will be uncovered over the next decade. It will then
be possible to give increasingly precise estimates of risk of diVerent diseases to individuals. In recognition of
this Cancer Research UK’s Population and Behavioural Sciences Committee is funding work in this area
exploring how preventive action can be tailored to individual genotype, the eVect of genetic risk information
on behaviour, and the psychosocial impact of detection of increased risk.

5.5 It may also be possible to predict the outcomes of disease, to the extent that these are determined by genetic
factors. With regards to somatic genetics in cancer, it will be increasingly possible to distinguish between
diVerent molecular sub-types of cancer. In addition, genome-based determinants will play an increasing role
in early diagnosis. In conjunction with the development of targeted treatments genetic information will
facilitate the prediction of those therapies that are most likely to be eVective in individual patients.
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5.6 While pharmacogenetics may occasionally have applications where an identifiable genetic determinant
confers a substantial risk of toxicity, insuYcient attention has been paid to the constraints on the likely
predictive value of common pharmacogenetic variation and whether it will be suYcient for practical clinical
use. To this end more coordinated evaluation of research findings and of the potential use of new technologies
by the NHS is needed.

Workforce

5.7 To ensure continued development in this area the Government must ensure that there is an adequate
workforce, such as clinical pharmacogeneticists, trained to undertake and translate genomic medicine
research.

6. Data Use and Interpretation

Annotation

6.1 Genomic medicine researchers generally make their research findings, including genomic data, publicly
available in a quick and timely manner. It is important that any genomic data is well annotated and we
encourage our researchers to use the Human Genome Variation Society (HGVS) nomenclature (http://
www.hgvs.org).

Databases

6.2 Compiling the genomic data generated by researchers into a common public database would have
significant potential benefit. In order for databases to be useful there must be confidence that the data held is
accurate and well annotated. With the advent of new high-throughput techniques there is a risk of large
amounts of data being generated and included that due to technical errors is incorrect. Consequently there
must be careful curation of any such database. This will also need significant resource and infrastructure
support.

Data linkage

6.3 Genomic data is of greatest use when the information can be linked to the medical records. This has
implications for confidentiality and access restrictions. The development of the new RECs Integrated
Research Application System (IRAS) for research databases holds increasing potential of easier access and
greater use of databases that contain additional patient information.

6.4 Linking genomic medicine data to health records requires the standardisation of clinical information such
as in the electronic health record that all PCTs should be developing. We welcome the progress that Connecting
for Health (CfH) and the Research Capability Board (RCB) have made in this area. However in order for us
to realise the full potential of genomic medicine the Government must put the development of a national
electronic health record at the top of its agenda. In addition to medical records, the disease registries, such as
the national cancer registries, and the National Cancer Information Network (NCIN), play vital roles in
collating such data.

6.5 The public anxiety around the use of “personal information” must also be addressed if we are to be able
to realise the full benefit of genomic medicine.

Clinical research opportunities

6.6 The opportunity that clinical trials present to genomic medicine should also be maximised. Cancer
Research UK’s Translational Research in Clinical Trials Committee (TRICC) funds translational research
embedded in clinical studies such as the development of biomarkers.

Regulation

6.7 We also need balanced legislation to ensure that people do not suVer genetic discrimination based on the
results of genetic tests. Examples of this is how genomic data is used when applying for life insurance,
mortgages or jobs. Every individual should have the right to choose to take genetic tests free from the fear of
future genetic discrimination. We welcome the current concordat and moratorium on Genetics and Insurance
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protecting patients against the use of genetic information by insurance companies but are concerned that a
more permanent solution needs to be found.

6.8 Regulations or a mandatory code of practice should also be in place to ensure that the delivery of genetic
information or test results is appropriate and takes into consideration the potential sensitivity of such
information.

7. Translation

7.1 The potential that genomic medicine has for healthcare is vast. Although it is impossible to outline what
all future opportunities will be, it is clear that genomics will revolutionise cancer medicine.

Developing genetic tests

7.2 Genetic tests that use genome variation data are in principle likely to provide a mechanism to discriminate
between groups at substantially increased, or substantially lowered, risk of cancer. This discriminatory power
will improve as more genome variation is discovered. However, it must be made clear that the power and utility
of tests based on genome variation are likely to be dependant on risk estimates produced by combining the
eVect of all the known genome variants for a particular disease. Rarely will individual common variants have
predictive utility. Regardless of this an increasing number of companies are developing and marketing
predictive tests based on single genome variants. At times these are variants whose validity as risk markers is
still unproven. The potential harm that these companies and tests can do is clear. The Government must ensure
that these are appropriately regulated to protect the public from discrimination. Any regulatory framework
must be sensitive to the behavioural and psychosocial impact that genetic information can have on an
individual. Cancer Research UK is currently funding research in this area.

Supporting translation

7.3 Researchers, research organisations, the Government and industry must play their part in realising the
promise of genomics. Individual researchers are responsible for developing and carrying out the proposals that
will demonstrate the validity of translational applications. A successful example of how funders can work
together to support such research is the Experimental Cancer Medicine Centres (ECMCs). The ECMCs are a
joint initiative between Cancer Research UK and the Departments of Health for Scotland, England, Wales
and Northern Ireland that provide the infrastructure and resource for translating research to develop clinical
applications. The research community, industry and the Government must also consider how developments
in genomic medicine should be validated, subjected to appropriate quality assurance and quality control
testing and standardised. This should be supported by the development of clearer routes to incorporate
research findings into clinical practice.

Workforce

7.4 The Government must also commit to addressing the workforce issues associated with translating this
research and a future healthcare system that embraces genomic medicine. There is a requirement for more
clinical academics, such as clinical pathologists, that are qualified to translate research findings. There is also
a lack of clinicians across the specialities and professions allied to medicine who are equipped to deal with
genomic applications. The detrimental potential of this should not be underestimated.

8. Biomarkers and Epidemiology

8.1 Biomarkers are key to translational research bridging basic and clinical cancer research. Biomarker
methodologies allow hypotheses developed in the basic research environment to be tested in the clinical setting.
Conversely, analyses of well-collected and annotated collections of clinical samples, particularly using large
series and high-throughput technologies, allow hypothesis-generating research that can reveal new insights
into cancer biology.

8.2 In addition to exploiting and informing basic cancer research, biomarkers are critical to decreasing cancer
incidence and improving the lives of people who have cancer. The final stage of biomarker research is
qualification, after which a biomarker or test can be used routinely in the general population or clinical setting.
The development of qualified biomarkers are therefore central to many of Cancer Research UK’s
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organisational objectives, specifically those that aim to reduce the risk of cancer, diagnose cancer earlier,
develop better treatments and improve survival.

8.3 Although cancer research has for many years recognised the importance of developing new and more
eVective cancer treatments, the importance of biomarkers has not been fully appreciated or yet adequately
supported. As cancer medicine moves towards the use of targeted therapies, biomarkers will become
increasingly important because they:

— can help identify the best drugs faster;

— help to ensure that the right patients receive the right drug;

— provide “proof of mechanism” for drugs in development;

— reduce late stage attrition and thus unnecessary cost by enabling those drugs that are likely to be
suitable for final stage development to be identified earlier;

— support studies of optimal drug combinations;

— are key to proving whether existing agents could be used more eVectively; and

— accelerate drug approval by identifying robust correlates of outcome.

8.4 Consequently, biomarker discovery is complementary to drug discovery in the development of
personalised medicine. However, there is currently no well defined structure for the biomarker development
process to match that for the development of a new drug. Thus despite increasing investment in basic research
to identify potential biomarkers and a demonstrable enthusiasm from clinicians for access to new biomarkers,
the number of biomarkers that have been delivered into clinical practice is very small. There is therefore a
pressing need in the UK and worldwide to develop paradigms for the discovery and development of biomarker
assays and their translation into clinical practice.

Genome-wide association studies

8.5 Research activities such as genome-wide association studies have the potential to identify markers of
individual risk of disease, of disease natural history, and of potential therapeutic or toxic response to therapy.
Although findings from genome-wide association studies may impact on future clinical practice, this is still
some years away and significant investment will be required to realise this potential. In particular investment
is needed for:

— Large numbers (tens of thousands) of case and control samples to identify and validate risk factors
with suYcient statistical power. For many diseases, suYciently large sample sets can only be obtained
through collaborative pooling of national and international resources. This is particularly an issue
for rarer diseases where researchers will struggle to collect a suYciently large number of samples.

— Sustainable infrastructure for collection, storage and maintenance of clinical samples and data.

— Research to Identify whether the benefits of these genomic tests will be cost eVective in comparison
with current strategies for screening, diagnosis, prognosis etc. This is particularly important because
studies looking at most of the genome variations identified confer only small diVerences in individual
risk, so many future clinical applications are likely to rely on combinations of markers.

8.6 Outcomes from genome-wide association studies will also help in the new identification of genes and
pathways associated with disease risk, leading to greater mechanistic understanding and, eventually, new drug
targets for prevention and treatment.

Biobanks

8.7 Biobanks have the potential to provide significant information on the link between genomic variation and
the impact of lifestyle factors on health outcomes. However, it is unclear whether current biobanks are
including suYcient numbers of people, such as the 100, 000 participants in UK Biobank, to enable researchers
to discern statistically valid information for a given specific disease indication.

9. Use of Genetic Information in a Healthcare Setting

9.1 Ultimately genomic medicine, through the acquisition of germline genomic and somatic genetic
information, should allow the provision of individualised medical advice and treatment. Within the field of
cancer this information should also enable the development of disease classification that is more biologically
meaningful.
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9.2 The NHS will need to have appropriate infrastructure in place to support the recording and cataloguing
of somatic tumour genotype information collected by the cellular pathology diagnostic services.

9.3 This will also require understanding and acceptance of genomic medicine, and its implications by the
public, politicians and the medical profession. One tool for addressing this would be through appropriate
education of schoolchildren. The Government must also begin to consider the implications for workforce
planning in the medical professions—such as the need for increased numbers of pathologists who can interpret
and translate this information and genetics counsellors to provide support to patients. The Government
should take immediate steps to address this.

9.4 Furthermore, given the potential implications of individualised medical advice, we believe that there is
need for a regulatory code of practice for delivering genetic information or the results of genetic tests to
patients, as discussed previously. This could stem from the national training scheme currently in place for
genetic counselling. The mandatory code should be complementary to the rigorous processes determining the
value and introduction of genetic tests from which the information to produce this medical advice will be
determined.

May 2008

Memorandum by the British Society for Haematology (BSH)

1.1 Here are comments submitted on behalf of the BSH with respect to the speciality of haematology and
related oncology.

1.2 Genomic medicine has been part of haematology oncology for many years and is very much the standard
of care. The majority of these applications are based on DNA or RNA alterations that act as a marker of
disease, and can thus be used define the subtype of disease, stratifying treatment or to monitor disease response
to treatment.

— Genomic studies are essential for bone marrow transplantation, Philadelphia chromosome levels are
measured to determine the use of Glievec a treatment specifically against the chromosome causing
chronic myeloid leukaemia.

— The levels of the lymphoma specific t(14;18) translocation determine the usefulness of therapy and
the need for bone transplantation.

— The levels of leukaemia as determined by a patient specific DNA fingerprint is standard of care to
decide whether or not to increase or decrease treatment for the cure of children’s leukaemias.

These are but a few examples of how we currently use tumour genetics to provide modern treatment. However,
this is very diVerent from Genetics as all of these markers come from the tumour as opposed to being an
inherited disposition. However, the technology used is virtually the same being based on methods to detect
DNA/RNA alterations. Unlike the Genetics networks, there has been no central infrastructure funding, but
there has been a European network through EU framework funding directly leading to some common
practices and consensus. In addition quality assurance schemes are part of this development. Laboratories
performing these tests are regulated by CPA accreditation and as such have developed as part of the
Haematology pathology delivery. It is also worth noting that microbiology and virology have been
revolutionised by DNA technology as each virus/bacteria has its own distinctive DNA fingerprint. Again this
is standard of care. These areas of genomic medicine, unrelated to clinical genetics are largely unnoticed but
are essential for today’s patient management. However, as the technology moves on with the advent of
technologies such as the RNA expression microarray “chips”, providing an exponential improvement in
patient management, the cost of infrastructure increases and there is duplication of costs as Genetics, Cancer
and other fields in medicine develop their DNA testing in parallel. Newer equipment platforms can be very
high throughput, with greatly reduced costs per test if fully utilised. There is an impelling need to combine these
technologies in DNA/RNA technology units. This is occurring in a few places under the umbrella of
“Molecular Pathology” but these are not national initiatives. Barts and the London NHS Trust is one example
and this was brought about by the building of a regional pathology building permitting a rethink of DNA
testing being performed at a greater cost in a number of pathology disciplines. Their value in managing the
patient is to reduce greatly the uncertainty in making the right management decision and this has a major
cost benefit.

1.3 For non malignant haematology, in the clotting arena’ hereditary mutations have been determined for
over a decade predicting those susceptible to the development of DVTs and miscarriages, assisting in
preventative medicine. A number of new developments in the genetics of warfarin treatment are changing
patient management for anticoagulants and is indicative of the advent of pharmacogenomics.
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1.4 Looking forward to new developments in cancer therapy many new agents are very costly although
eVective in the right patient. Genomic medicine has a big potential to deliver this form of selection if research
is provided to look for predictive “biomarkers” of response and this should be a mandate for the development
of novel agents in the post genomic era. This should be an important area of research and is becoming a high
priority for pharmaceutical companies.

1.5 What is lacking is a proper regulatory framework that is found in the Clinical Genetics arena. However,
there has been a degree of CPA accreditation regulation and self regulation from the good places via EU
framework initiatives, but, this does still leave room for unregulated and potentially poor quality delivery of
this form of pathology. In addition the use and application of new tests needs proper evaluation and use. No
means for this is properly developed leaving room for abuse of DNA cancer testing.

1.6 With regards genomic medicines, these have been around in cancer medicine for at least 16 years. The first
gene silencing trials with Bcl-2 antisense oligonucleotides took place in 1992. Other genes have been similarly
targeted and drugs such as Glievec, FLT3 inhibitors, Velcade are all targeted at the genetic defect in the
tumour. These drugs have significantly improved cancer therapy and this area of cancer treatment is expanding
exponentially. With regards regulation, interestingly the Gene Therapy Advisory Committee has largely taken
over the regulatory role and this is sensible and works well.

1.7 Below I will give you a few broad brush responses but it is diYcult to fully convey the overall sense of the
use and development of Genomic Medicine in the Haematology/Pathology arena by answering the questions
alone so I hope the above gives a more composed view of the current state. What is clear is that there will be
an exponential growth in Molecular Pathology. In five years I have seen my own molecular pathology unit at
Barts and the London increase it workload five times over. I also did some predictive modelling for clinical
genetics testing for the Genetics Framework bid following the 2004 Genetics White Paper for the years
between 2005 and 2010 and this suggested a three times increase. It is very nearly there already. A more
coordinated approach to the whole picture makes sense in both delivery and regulation.

Policy Framework

— Who is in charge of setting and reviewing policy in this area? Local demand and national trails.

— Who provides scientific advice on policy development? Who monitors and anticipates potential
scientific developments and their relevance to future policy? How eVective are these mechanisms?
National trial design and outcomes. This is not an eVective way of bringing this into the NHS.

— Does the existing regulatory and advisory framework provide for optimal development and
translation of new technologies? Are there any regulatory gaps? Major gaps and no real
regulatory body.

— In what way is science and clinical policy decision-making informed by social, ethical and legal
considerations? Poorly. Ethics for trials only.

— How does the framework compare internationally? What we currently do in good centres and with
national trials stands well internationally and leads in some areas such as childhood leukaemia.

Research and Scientific Development

— What is the state of the science? What new developments are there? What is the rate of change? New
developments are rapid but are reliant on research group interests without a coordinated approach.
The arena of rapid diagnostic platforms and array technology have huge potential as new
developments but organisation of delivery and lack of good regulation is a hindrance to these
developments.

— Who is taking the lead in the consideration and co-ordination of research and the development of
new technologies? No clear answer.

— How eVective is the policy and investment framework in supporting research in this area? Currently
not great as I do not feel that this is understood as a developing area.

— How does research in the UK compare internationally? How much collaboration is there? Some
good areas of research (eg Childhood leukaemia and EU initiatives) but patchy.

— What are the current research priorities? Standardisation, assessment and regulation of new
developments, infrastructure including merging of all DNA technologies, ie simplification.
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— What is the role of industry? How much cross-sector collaboration takes place? Pharmacogenomics
but not delivery as this would tend to pick on the most lucrative rather that the broad delivery of all
required.

Data Use and Interpretation

There is no good data repository and this is a very haphazard area. It would be a major move to bring this
together.

— Is genomic information published, annotated and presented in a useful way? Should there be a
common, public database? If so, who should fund, and have responsibility for, such an initiative?

— Who should provide the framework for optimal evaluation of data and translational opportunities?
What policy and funding mechanisms are in place for recognising and utilising potential
opportunities?

— Is other medical information recorded in a suitable format to allow optimal interpretation of
genomic data? How should genomic data be brought together with other health information?

— What are the implications of the generation and storage of genome data on personal data security
and privacy, and on its potential use or abuse in employment and insurance? How should these be
addressed? In the cancer field this is not a major issue.

Translation

There is huge potential to translate genomic medicine, but it needs coordinated organisation and a national
approach. Genetics have provided some pointers and recent white paper initiatives have been very beneficial.
Regulation and standardisation is essential in the non clinical genetic.

— What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?
Huge, it is THE major advance in medicine and essential to get right.

— Who is responsible for translation to clinical practice? Very haphazzard.

— Given the pace of technological advance, how ‘future-proof’ is healthcare investment in this area?
This is robust as we can see in the cancer medicine arena where we have been using this technology
for over a decade. DNA alterations do not change.

— How does the UK compare to other countries and what lessons can be learnt? Not much worse but
not much better. Germany is better organised in some areas.

— How meaningful are genetic tests which use genome variation data? What progress has been made
in the regulation of such tests? Very Little.

Biomarkers and Epidemiology

— In what way do genome-wide association studies contribute to the identification of biomarkers? How
is the study of genetic factors and biomarkers integrated for translational purposes? Genome wide
studies are very important but the integration is not good for translational purposes. There is a
disconnect between research and clinical application. NHS research funding could assist in breaking
this down.

— What impact will genomic data have on data emerging from projects such as UK Biobank,
Generation Scotland and other biobanks? Not sure much use currently for haematology.

Use of Genomic Information in a Healthcare Setting

— What impact will genomic information have on the classification of disease? How will it aVect disease
aetiology and diagnostic labels? This is the way of the future. Already very important in blood
cancers.

— How useful will genomic information be as part of individualised medical advice? What provisions
are there for ensuring that the individual will be able to understand and manage genomic
information, uncertainty and risk? This will take much longer to develop.

— Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?
Yes.
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— What are the implications of developments in genomic technologies for the training of medical
specialists and other health professionals? Are there any gaps that need addressing? What is the
assessment and planning for future needs in capacity? Very poor and haphazard except in the
genetics arena.

22 April 2008
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Examination of Witnesses

Witnesses: Dr Mark Walport, Director of the Wellcome Trust, Professor Peter Donnelly, Director of
the Wellcome Trust Centre for Human Genetics and Chair of the Wellcome Trust Case Control Consortium,
Professor Herbie Newell, Director of Clinical and Translational Research and Research Strategy, Cancer
Research UK, Professor Peter Parker, Cancer Research UK London Research Institute Laboratory Head
and Head of the Division of Cancer Studies at Kings College London and Professor Finbarr Cotter, Professor
of Experimental Haematology, Barts and the London School of Medicine (representing the Leukaemia Research

Fund), examined.

Q122 Chairman: Good morning, gentlemen. Thank
you first of all for coming today to give evidence.
We regard this as a very important session because
we are hoping you will be very informative in all
aspects of our inquiry. Can I also welcome the
members of the public? For the public there are
information sheets, particularly about any interests
the Members have declared. Before we start, I
presume Dr Walport you are going to act as a
coordinator.
Dr Walport: We had not agreed that but I am happy
to act in that way.

Q123 Chairman: I look at you as the obvious
person. If any of you have an opening statement to
make please do so. Can I ask that when you answer
for the first time you might introduce yourself and
say who you are for the record? If any of you have
any statement to make before we go into questions
please do so.
Dr Walport: I am Mark Walport; I am the Director
of the Wellcome Trust. I had not prepared an
extensive opening statement but I think what I
would say is that this is an enormously important
area and we are delighted that you are doing this
inquiry. It is a fantastically exciting time for genetic
medicine. You have a very expert advisor in Tim
Aitman so I am sure you will have already learned
that. The quantity of new genetic information that
is emerging is, frankly, mind boggling at the moment
and it is possible to do genetic studies to discover
the basis of genetic variation in health and disease
in a way that was never possible before. To give you
a very recent example, the Wellcome Trust has just
agreed £30 million of funding and that will be used
to measure a million diVerent genetic variations in
120,000 people with a huge variety of variation in
both health and disease, so everything from glioma
to children’s reading and writing ability through
childhood. There is an enormous amount of
knowledge that is coming out of this. I think this
report is timely because of course the NHS is going
to have to work out how to use this information;
we are going to have to work out how to use this
information to develop new treatments; we are
going to have to work out how to advise people
about health risks in a much more nuanced genetic
environment. There are all sorts of extremely
important societal and medical research issues, so it
is very timely.

Q124 Chairman: Thank you very much for that
comment. In fact that feeds into my question
extremely well because I was going to start by saying
to you that the scientific outcomes of recent genomic
studies, your own Wellcome Trust Cast Control
Consortium and the Cancer Genome Project have
suggested that there are impressive findings in new
genes and mutations underlying common diseases.
There are other technological advances such as
microarrays in cancer and other diseases. My
question is exactly what you pose and I now hope
you will give the answers. How might this
knowledge gained be translated into clinical practice
in the NHS? What is the timescale of that
happening? Will the NHS have to re-organise itself
to be able to deliver this? What should the
Government do to facilitate this in public policy
issues?
Professor Newell: I am Herbie Newell; I am the
Director of Translational Research at Cancer
Research UK. There are a number of extremely
important components to that question. First of all,
the understanding clearly opens the way to new
treatments and cancer, as the genetic disease par
excellence, has already demonstrated that we do
now have the direct exploitation of genetic
information in identifying targets, developing drugs
against those targets and then using genomic
information to focus those treatments on the patient
populations who are likely to benefit. The concept
has undoubtedly been proven. The issue, as you
correctly raise in the question, is how is that
translated into patient benefit across the entire
National Health Service. From a Cancer Research
UK perspective the critical issues there are first of
all having a public that will be able to understand
that information, to engage as equal partners in
decisions about how they are managed, to have a
National Health Service that has the workforce that
is able to implement genomic medicines as they
come forward (clearly they are going to come
forward, the concept has been proved) and then
looking to the future using the exceptional capacity
of the NHS to link patients in large numbers to
information both on clinical outcomes and
increasingly as we move forward genetics of
individuals gives us the opportunity to do something
in the United Kingdom that may not be possible to
achieve in many other countries. What we need to
make sure is that the NHS is provided with the
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resource and the infrastructure to make that
possible.

Q125 Chairman: Do we have an organisation in the
UK that is likely to be able to bring all these things
together and then give the correct advice?
Professor Newell: Potentially ultimately in clinical
practice in the NHS yes, but what we, as research
funders, need to do is to provide the evidence base
to inform the NHS as to exactly which tests and
which treatments should be made available and
focus in this particular way. In cancer, specifically
through the National Cancer Research Institute, we
have a collective of all of the funders and indeed
many of the people in healthcare provision both
governmental and in the charity sector working
together, so there is a mechanism there. One
particular example of that that will be launched in
June is the National Cancer Intelligence Network
being spearheaded by Mike Richards, the cancer
tsar. This initiative is specifically addressing the issue
of how we link information on (all of the diVerent)
basic science through to clinical practice.
Dr Walport: I think it is worth thinking about how
genetics is already having an impact; I think specific
examples are quite helpful. The ability to make
diagnosis in itself is important and I will give you
two examples. There was a child whose photograph
was plastered all over the front of one of the tabloid
newspapers about a year ago who was enormously
obese. The parents were being lambasted for child
abuse but it actually turned out that that child had
a genetic mutation in, I think, one of the leptin
genes, one of the genes that causes gross, massive
obesity. If everyone had had that piece of
information, particularly the parents and the family,
it would have avoided that quite intolerable piece of
persecution. Another example is from Stephen
Scherer’s work at the Hospital for Sick Children in
Toronto who recently discovered a gene which is
present in a number of families with autism. The
fact is that this is an enormously powerful tool in
telling people that this has nothing to do with
vaccines or anything else; it is nothing to do with
anything you have done. Just being able to provide
a diagnosis can be enormously comforting even if it
does not immediately associate with treatment. I
think the ability to diagnose is itself very important
and that raises some important issues for the health
service because the question is whether the health
service is in a position now to provide the advice
that people need, given the complexity of modern
genetics. I think the NHS is clearly where the
responsibility lies for this but I think that more work
will need to be done to modernise the NHS’s ability
to provide the right advice and that will involve both
clinical genetics but also a widespread education of

the medical profession as a whole because this is
quite complicated information. In that context I
think that there are new tools in terms of informatics
that could potentially be hugely helpful because it
is diYcult for anyone to carry all of this in their
brains. To give an example, the Sanger Institute has
developed a database which is called DECIPHER
and that is intended to provide information around
developmental genetic abnormalities. It is the sort
of database where clinical information can be
aggregated with genetic information. It is a very
powerful tool both for research but also for
providing information. Part of the solution in the
NHS has to be informatics. I think a second area
is obviously therapy. Again there are some concrete
examples. In cancer, cancer genetics has led to new
drugs and Gleevec is an example of that. This is a
drug that is targeted specifically to the genetic
mutation in a cancer and the use of herceptin in
breast cancer is also something that can be targeted.
A recent example outside cancer is the discovery by
Andrew Hattersley Penninsula Medical School and
Fran Ashcroft in Oxford. There was a group of
children who developed very early severe diabetes—
they essentially have monogenic diabetes—and
those children had been given large doses of insulin.
However, it turned out in a small group of those that
the children had a mutation in a potassium channel
gene. From this knowledge, it was possible to
recognise that they might respond to a tablet rather
than to insulin. For that small group of children life
has been transformed. I think we are beginning to
see examples both in terms of diagnosis and in terms
of treatment, but I think we are at the very, very
beginning of a flood new knowledge.
Professor Cotter: I am Professor Cotter; I work at
Barts in London where I am the Lead for Molecular
Pathology. We have taken an integrated approach in
both genetics and all other forms of molecular
therapy within part of a new build; the new build
allowed us to do that. This actually brings together
a very important point and that is that we do have
the ability to deliver genetic testing; it is done within
the Genetic Network which was partly assisted by
funding from the Department of Health to allow the
Genetic Network go forward following the White
Paper on genetics. They are indeed currently
delivering some of the research findings and they go
through the Genetic Testing Network to look at the
quality and the usefulness of particular tests that
may then go into clinical practice. I think the major
issue between the research and the NHS taking these
things on is that there are diVerent needs. Research
has diVerent goals to those of the NHS delivery of
good care to patients. One of the issues when
translating something from a research laboratory
into an NHS laboratory is that we have to have
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robust tests and good clinical utility. In addition, we
do need to be able to have educated clinicians who
know how to use the tests, what is appropriate to
order and how to apply these things. I think we are
lacking in that area. When it comes to the direct
translation of the research into the NHS there is an
appropriate means of taking that forward. The real
issue comes to the genetic testing that lies outside
of the straightforward clinical genetics because there
there has not been any funding infrastructure; it has
actually been happening over very many years. For
example, Factor V Leiden mutations have been
performed in haematology laboratories for nearly
ten years. In addition we look at the Gleevac; we
need to know that the Philadelphia chromosome is
present. That again has been performed by NHS
laboratories that are CPA approved and there is QA
that goes round for all of these things to ensure that
there is reliability of these measurements. However,
these are rather ad hoc arrangements that have
taken place and the same technology is being used
by the clinical geneticist as is being used by a whole
variety of other people. Microbiology is a perfect
example where we use DNA technology—or PCR—
in order to detect diVerent strains of disease rapidly
and at a much cheaper cost. I think that the issues
we have in translating are quality and also that we
only have part of the picture currently within a
network that works very nicely. Everything that lies
outside of that clinical genetic network is more
diYcult. Having said all that, the Leukaemia
Research Fund has actually very successfully
translated the latest study for childhood leukaemias
where they are doing genetic testing at day 28 of the
treatment. A clone fingerprint is made of each
child’s tumour. Within 28 days they are able to look
at the rate of fall of disease, and from that they
stratify the treatment to less, to more or to the
average amount. That it is very successfully
identifying the outcome of the patient at day 28
after they have been diagnosed. That has been done
by good dialogue with the commissioners, alerting
people far enough ahead and, in fact, having an
understanding of how the NHS works so that you
can engage with the research field early enough so
that these studies can be incorporated with good
quality control. I think that quality is the main issue
that we have when looking after patients. In
research it is the novelty of the findings and the
striving for the new knowledge that has a slightly
diVerent priority and we have to mix those to or
move from one area to the quality area in order to
deliver it robustly.

Q126 Lord Warner: Cancer has been mentioned
quite a lot so far already. Is cancer unique in already
having useful genetic tests to stratify disease and

guide patient management? If cancer does have
some unique advantages for genetic testing, could
you help us identify what these are and how their
absence might be overcome in some of the other
diseases?
Professor Parker: I am Peter Parker, I am Principle
Scientist at Cancer Research UK London Research
Institute Laboratory. I am Head of the Division of
Cancer Studies at Kings College London. The
question is about whether cancer is unique and I
would suggest that in terms of pre-disposition it is
certainly not unique. I think there is a great deal of
insight that has allowed us to drive interpretation
from a lot of information that has come through
that puts on a fairly firm foundation our insight into
some predisposition. However, I think essentially as
more information comes through it is fairly clear
that all diseases are associated with genetic changes
or at least polymorphisms that give a clear
indication that there is a spectrum of pre-
disposition. Cancer has a unique component in as
much as the disease itself is intrinsically associated
with somatic change and therefore there are genetic
alterations associated with particular cancers. In a
sense we know that very precisely because we have
wonderful controls, normal tissues and such to look
at, to say that these are the specific changes that
have taken place. There is a unique component that
is associated with a somatic element of cancer but
I think in terms of the predisposition I would
suggest this is probably common to most diseases.
I think it has a greater complexity because of course
cancer is many diseases.
Dr Walport: I would agree with that. There is an
enormous amount more research to do into cancer.
Peter has raised the key issue of cancer which is that
the final pathway is somatic mutations and they of
course bring the particular benefit that they oVer
potential targets for treatment. An example of one
which is in the pipeline at the moment is that Mike
Stratton at the Sanger Institute discovered, through
sequencing melanomas, that a mutation in a growth
molecule called BRAF is associated with melanoma
and some other cancers. That then immediately
gives the target for a drug discovery programme
which is happening at the moment. In the last
couple of weeks a global collaboration has been
announced which is the International Cancer
Genome Consortium where scientists from around
the world have agreed to collaborate to sequence the
50 commonest cancers in great depth in diVerent
populations of the world. This is an enormous
opportunity and it will also, I think, start explaining
theheterogeneity of cancers in diVerent parts of
the world.

Q127 Lord Warner: Could I pick up a point relating
to this which came out of the remarks made by
Professor Cotter about the issue of reliability and
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the extent to which, as you translate it, so to speak,
from the research laboratory into clinical practice,
some areas were well understood and regulated and
were in a kind of circle of knowledge in their
application; others seemed to be slightly outside that
circle of knowledge and confidence and there were
potentially reliability issues. What has come across
to us is the extent to which some of the developing
knowledge here has huge implications for the
pathology services across the NHS. Could you give
us some sort of feel about your sense of what may
need to happen in these areas if we are to deal with
the issues of reliability that you mentioned and drew
attention to?
Professor Cotter: If we take the field of cancer I think
that we have to incorporate as part of our trials and
as part of the NCRI approach the molecular
markers in order to evaluate them properly to see
how they really impact upon the management of the
patient. We do have to show the benefit to the
patient and we have to show that we can reliably do
it in the timelines and in a manner that I can
translate results from my laboratory to any other
laboratory which is delivering the same tests. I think
there has been an issue quite often where we all talk
about a particular marker that we are looking at
that is done in various diVerent ways to arrive at a
result. Those results may diVer because sensitivities
may diVer, because the reliability of the machinery
or otherwise varies considerably and within the
NHS as a patient service we really have to ensure
that those things are done well. We have good
experience with the childhood leukaemias, going
back to that again, where a number of research
laboratories are involved. We thought we were
good; it took a three year run-in before the trial
went live and most of us who thought we were good
laboratories delivering it were not reliable. It took
three years to get that sorted out. Having done that
we now have a common currency of results. We have
a means of saying that my results I can discuss with
you and they will mean the same as the results that
occur in a diVerent laboratory because it is good
quality control. That is done within a clinical trial
setting and I think we really have to evaluate these
things properly. We do have the ability in the UK—
we have the cancer centres, we have good networks
now and there is the work that is being done by
various charities—to allow us to run these trials and
by incorporating it into the studies it allows us to
evaluate and then translate it into the NHS in a
timely, good quality manner.

Q128 Lord Warner: Does that not have some very
serious implications for all those laboratories which
are not operating in the way that you have suggested
and the history of pathology laboratories in the

NHS has been to be very protectionist about some
of the services you have at individual hospitals. The
implication of what you are saying is that there
needs to be quite a lot of change in the approaches
of many pathology laboratories.
Professor Cotter: If you were to take one single step
that I think would be very useful, that would be to
establish a network that allows proper quality
assessment and evaluation. You probably do not
need vast numbers of laboratories doing this work,
but you need to have an interactive network which
is very similar to what the genetic networks now do.
I think marrying that onto the genetic network
would be a very useful approach, but you need a
body that evaluates the quality so that the places
that are delivering the molecular work are quality
assured.

Q129 Chairman: Does that not suggest, Professor
Cotter, that we need a central molecular laboratory?
Professor Cotter: The beauty of the technology that
we have is that it can be quite high through-put and
have good quality assurance within that. Certainly,
there is an argument that not every laboratory
everywhere should be doing it. I think there is a big
argument for a more centralised approach.
Professor Newell: To extend the discussion a little bit,
this is an extremely important point and at Cancer
Research UK we have just completed a
comprehensive review of biomarkers (which is the
phrase we tend to use for tests which of course
includes all manner of genetic tests). The single most
important conclusion from that is that we do need
very clear road maps for the discovery and
development of all types of biomarkers, including
genetic tests. If we use as an analogy the discovery
and development of new drugs we have now a
pathway there that both the academic and the
commercial and the health services community all
recognise that you have to go through to get a drug
from an idea through to a treatment that patients
can receive in general practice. We are not there yet
with biomarkers or genetic tests and what we need
to do urgently is to develop that framework.
Chairman: Thank you; that is a good point. Lady
Finlay?

Q130 Baroness Finlay of LlandaV: I wanted to ask
a bit about pharmacogenetics. This is a key example
of a way in which genomic discoveries can lead to
more personalised healthcare. We have already
heard some specific examples from Professor Cotter.
There are some clinically relevant tests already but
we would like to get a feel from you how this trend
will continue and how rapidly the NHS should be
planning for routine biomarker testing to lead
pharmacology prescribing in clinical practice. I
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think I would like to link in with that the previous
answer which is to ask you quite bluntly whether
you feel that for a designated cancer centre they
should be linked with a designated laboratory which
does the genetic testing and looks for biomarkers
rather than it being something which is rolled out
more widely.
Professor Newell: In terms of pharmacogenetics, as
you correctly point out, there are some extremely
important genetic predispositions to poor tolerance
of certain drugs. They will be with us for a while
but in general during the drug discovery process
now one tries to build out that propensity because
clearly it is an unwanted complication. For the short
to medium term there will need to be that capacity,
but moving forward hopefully drugs will not have
that Achilles heel to them. Returning to your final
point on how we provide access to this type of
resource, it really does come down to a volume
through-put issue depending on how many tests you
need to have. If it is a test that you are going to
require an extremely large number of people and
you need the answer quickly, then you will need
more localised capacity. However, for some tests—
as Professor Cotter indicates, and leukaemia would
be a good example here—thankfully the number of
patients actually in the UK is relatively modest so
for every cancer centre to be doing a
pharmacogenetic analysis on purine metabolism, for
example, to pick out which patients are likely to get
inappropriate myelosupression just would not make
sense. The conclusion that we reached in our
biomarkers review is that we should not go for a
single centralised national solution to this, but a
number of centres of excellence based around the
country would be the approach to take.
Dr Walport: I think this is going to be a very fast
moving field. One of the studies that we funded
recently was a study looking at whether there was
genetic influence on the side eVects to statins, which
of course are extremely commonly used for the
treatment of high blood lipids. A small proportion
of people get damage to muscle called
rhabdomyolysis associated with the taking of them;
a much large number of people actually get a raise
in muscle enzymes and muscle aches. It is quite
possible that that will turn out to have a genetic
basis and that could lead to a test which could
influence the doses of statin you take and whether
you take it. Looking to the future I think there are
going to be quite a lot of potential examples like
that; it is a fast moving field. A consortium has been
set up between the private and the public sector
called the Serious Adverse Events Consortium and
that brings together a whole group of drug
companies who are collaborating basically to collect
side eVects in relation to drug therapy in the hope

that you might be able to avoid drug side eVects
through, for example, abnormal metabolism or
diVerence in metabolism in drugs. I think this is to
be greatly encouraged. It points to something which
will probably come up later, which is the importance
of data. What we need to be able to do is to
systematically in the UK—and indeed globally—
collect side eVect data in relation to prescriptions
and that is something where the NHS IT systems,
if they ever develop to the right point, could be
enormously powerful.

Q131 Baroness Finlay of LlandaV: You have just
cited statins and we have spoken a lot about
cancers, but are there other areas of medicine where
you foresee that the NHS should be preparing itself
for because personalised genomic medicine will
become important in the near future?
Dr Walport: I think it is diYcult to think that in any
area of medicine where drug therapy is important
that there is not going to be the potential for major
pharmacogenetic eVects.
Professor Cotter: I agree with that entirely. I will give
you one example, warfarin resistance. Warfarin is
used for DVT and there is the cost implication of
being able to do pharmacogenetics which may be
very important and make savings for the health
service. Things are coming through individually at
the moment but we need a good database, we need
to be able to collect the information and, where
appropriate, apply it. As to the point about
designated laboratory access for designated centres,
I think that very much addresses part of the QA and
I think it is a very sensible approach.
Professor Donnelly: I am Peter Donnelly from the
Wellcome Trust Centre for Human Genetics in
Oxford. I completely agree with the comments of all
my colleagues and the speed over which this will
happen. I just have two things to add. There is
actually less research being done than one might
hope because these studies need big trials and I
think it would be helpful if funders have a role,
Government has a role and regulatory authorities
have a role in prompting and encouraging that kind
of research. The other point I wanted to make is that
most of the discussion on pharmacogenetics that we
have just had has been about using genetics to
screen out people who might be at risk of adverse
events from drugs. That is clearly a very important
part of the field. There is a complementary aspect
which is due to the fact that there is huge variation
between individuals and the way they respond to
drugs, and it is very likely that some part of that
variation is also genetic. So as well as the safety
aspects, which are the ones where we have most
examples currently, there are real issues to do with
eYcacy: can we use genetics to say that this person
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will react better to this drug or this person will react
better to that one, or to adjust doses and so on.
Again that is something on which there is less
research currently but it is very hard to imagine that
in five years or ten years that will not be a major
part of routine medical practice.

Q132 Lord Winston: One of the things you said
which is clearly very interesting is that the idea of
screening a database on side eVects which would be
picked up by NHS prescribing would lead you to
clearer genetic information. Given the amount of
noise there is and given the amount of idiosyncrasy
which Peter Donnelly refers to as well, is that not a
fairly ambitious thing to do, or do you really think
that is genuinely feasible, that it is really going to
make a significant impact?
Dr Walport: I think it is ambitious, certainly, and I
think you will not be able to predict accurately
where you will find results, but in fact it has been
possible to find genetic causes for rare diseases
without too much diYculty and it may well be
possible to find genetic causes for rare side eVects,
but you will not be able to do it unless you can find
hundreds of them. So it is a question of how you do
the databases. Where I agree with you very much is
that it is important for us not to over-hype this in
temporal terms, if I can put it that way.

Q133 Lord Winston: I am concerned about that.
Dr Walport: I think that is a perfectly legitimate
concern. The research is being done now and it may
take some time for that to translate into health
benefits. I think that is always the challenge when
you are advocating research, to recognise that it will
be a long time to translate discoveries into health
benefits. I think I would disagree with you; I think
it will be very important to get very good databases
of drug side eVects and wherever possible then do
the genetic studies associated with that.

Q134 Lord Taverne: I want to turn to Professor
Donnelly and the paper which he submitted. You
state that knowledge of genetic risk factors can be
used to update risk assessments for particular
individuals, potentially to identify sets of individuals
at significantly increased risk. You give the example
of Crohn’s disease and type 2 diabetes. How can this
knowledge be used in practice? Is this another
example of the useful diagnosis which Mark
Walport gave that can transform individual lives?
What additional resources may be needed if it is
going to be such a potentially important
development?
Professor Donnelly: I think this will happen in
diVerent ways over diVerent timescales. At the
moment I see many of the findings that we have

learned in the last year or two in terms of the
genetics of common diseases as much more akin to
identifying risk factors for diseases rather than the
traditional genetic tests which allow one to say
whether this person will get Huntingdon’s disease or
not. In the short term I think the main way in which
that information will get to individuals is through
the commercial organisations who are oVering direct
to consumer testing. It will be a question of
individuals deciding that they are interested enough
to send oV their DNA and pay for results. That
process, I think, has a number of challenges for
Government and the NHS, one of them involves
issues about the extent to which that can or should
be regulated to ensure that anything that is done like
that is done in a way where the information given
back to people is fair and everything is done that is
possible to help them to understand that. It also has
consequences for the NHS in that before too long,
assuming there is non-trivial take-up of these
services, people will be arriving at the door of their
GPs or their health professionals saying, “I’ve had
this test and I’ve got these SNPs; I’ve learned that
my risk of prostate cancer is increased by 30 per
cent; what should I do?” I think there is a live
question for healthcare professionals in the short
term in them being able to cope with enquiries of
that kind. I expect this is something we will come
back to, but I think there are real challenges and
really important issues for a whole range of
healthcare professionals in terms of training and
bringing them up to date with what we can and
cannot learn from modern genetics, how to help
patients. Even those people within the healthcare
system who have traditionally been involved in
genetic counselling have done so from the
perspective of Mendelian disorders where genetic
eVects are large. This is a diVerent world and I think
it requires diVerent thinking. That is the short term.
Over the long term the picture is clear. It is hard to
predict the timescale of this but I think we would
all guess that at some time in the future—which
might be ten years or more—genetic information
will be a routine part of many aspects of medical
care. We will probably move away from the stage
where it is natural if a patient has this condition you
want to get this piece of genetic information and
then to see whether they react to some other drug
you get another piece of genetic information. We
will move from the stage where we do that in a kind
of ad hoc condition by condition way to just
thinking that it is much more eYcient with current
technology to type their genome at, say, a million
SNPs and through that with future technology their
DNA sequence. I think in the long term that will
be part of routine practice. It is hard and probably
dangerous to predict exactly when that will be. Then
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there will be a transition—which I think is a
challenge for the NHS—to work out when is the
right time and which are the right aspects of this
technology to take from what I think will be oVered
initially commercially into routine practice.

Q135 Lord Taverne: Is there also a risk that people
will tend to feel that genetic information is more
important than, say, lifestyle choices or
environmental factors?
Professor Donnelly: I think that is a real risk. I think
there are important roles for education. I think there
are diVerent possible reactions and I suspect that
given how diVerent people are some will react some
ways and some will react others. Many people, I am
sure, in the short term, were this kind of information
available commercially, will not want to know.
Others will be curious and they might be interested.
Some, when they find they are at increased risk
because of their genetics might take the attitude that
there is no point in worrying about anything else
and that “I have had bad luck in terms of my genes”
which would be unhelpful. For others it might be
exactly the spur to try to get them to focus more on
the lifestyle or behavioural changes that can reduce
the other risks, so a view which says, “I cannot
aVect the genetic risk factors I have but there are
other risk factors that I can aVect”. I think the Trust
make this point in their submission, there are key
issues in our understanding which needs extra
research to work out how we can aVect people’s
behaviour in that way. The upside is that if people
do know about genetic risk factors they are able to
target them. It is the same as the situation we have
now which is that every week we have a paper and
it says that scientists have shown that if you drink
more coVee or less coVee, more red wine or
something else it will make a diVerence. Certain
people are feeling bamboozled by that. There is a
possibility, I think, through these kinds of genetic
testing for people to be able to say, “There’s a whole
range of diseases; I know from my genetics that here
are two or three of which I am particular high risk,
let me focus on the lifestyle changes which will make
a diVerence to those”. That is the upside and it could
have non-trivial consequences in terms of
prevention.
Professor Cotter: I think the whole question of
looking at genetic risk, there is no doubt that we can
do it and therefore people will want it done.
Therefore it is better done within a health service
setting. The other reason for this is that we spend a
lot of resources currently screening in a very
expensive way for various diseases which may have
a genetic basis to them. We can start targeting
resources more to those who are at risk because we
know they have the risk and not wasting it on

people who do not need to have it done. Secondly,
within that, we could advise people what is the best
choice for their lifestyles. We currently all do it from
the fact that some people are smaller than others,
others are taller; you do not go and become a very
good rugby player if you are only about four foot.
If we look at size, we know size is important. I think
those are issues that we could get out of this and we
should look at it from a cost basis as well, and that
is that we can probably change the way the health
service is delivering health; rather than treating the
problem once it has occurred we can look more
towards preventative measures and that would be
cheaper.

Q136 Lord Winston: Cancer Research UK has
already submitted that it is diYcult to engage the
Government sometimes in considering how we
translate the research results into practical clinical
care. Do you think the current structures involving
translation of genomic medicine are not eVective?
What would you like to see done? What would you
envisage being done about that?
Professor Newell: Historically I think it is very clear
that the structures were not fit for purpose but with
the establishment of the National Institute for
Health Research and in particular OSCHR and the
Translational Medicine Board we have great hopes
that moving forward this will be far less problematic
than it has been historically. As I indicated
previously, a key component of that will be getting
everyone talking the same language and, as we
indicated in our submission to you, there is a lot of
fuzziness still that people often end up at cross-wires
because they do not know exactly what is being
discussed. Therefore we think we need improved
definition and again we need these road maps so
that we can all see where we are for each diVerent
type of genomic test, where it is ultimately going to
be applied, what are the key questions and whose
responsibility it is to address and fund the areas of
research and development needed.

Q137 Lord Winston: One of the things that seems
to be coming out is the idea of centralising resources
and so on. Do you want to tease that out a bit more,
because that seems to be something that is worth
exploring and might be something for this
Committee to consider?
Professor Newell: I think it comes back to a point
that Professor Cotter made, that we have to look at
the quality of the assays that have been used and at
a stage where those assays have not been what we
would term as validated. Then at that point it would
be inappropriate for them to spill out into the
community and particularly inappropriate for them
to spill out into the commercial community where
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incorrect data would be generated of dubious
impact which may end up worrying individuals as
well as wearing a substantial hole in their pocket.
Again there needs to be regulation at a national level
about access to those tests. Some equipment is very
expensive and you would not wish to see it in every
centre; other equipment is more modest. I do not
think it will be a case of one size fits all and we need
to look at each clinical setting and each test.
Professor Cotter: Going back to genetics, there is a
Genetic Testing Network that approves various tests
and the way they are done and then it is wheeled
out. I think we just need to extend that approach
which is a centralised approach to evaluate and then
a small number of centres around the regions so that
there is access to everybody. I think that would help
smooth the translation. It is all right for genetics but
once it moves out into cancer and other areas it
becomes much more diYcult because there is not
that central approach.

Q138 Lord Winston: Do you think we have a role
in pushing harder at NIHR and OSCHR from this
Committee’s perspective?
Professor Newell: I personally think it would not do
any harm to push. I would sincerely hope that with
Alex Markham chairing the Translational Medicine
Board you would find a very open door.

Q139 Lord Warner: You are putting quite a lot of
emphasis on national coordinating bodies in
answering Lord Winston. If you take the experience
of NICE where you have national evaluations, in
that area the NHS locally simply has not taken up
and followed the evaluations of NICE. That is all
about local decisions, not about national
coordination. Can you give us a bit more comfort
about what you think is going to happen in reality in
Little Clumpton or Penzance or Tyneside as distinct
from at the national coordinating level?
Dr Walport: Is it not about training the next
generation of the clinical genetics community? The
clinical genetics community up to now has largely
been trained in the universe of monogenic disorders,
single gene abnormalities, but actually we are
moving into a whole new area. A moment ago Peter
Donnelly was talking about much more complex
risks and I think it is actually about training the next
generation of clinical geneticists who will then
populate the local health service as you set out. You
are absolutely right; this has got to work regionally
and locally.

Q140 Baroness Finlay of LlandaV: How many
trainees are there in clinical genetics around the
country?

Dr Walport: It is a very small speciality.

Q141 Baroness Finlay of LlandaV: Is that not the
problem? You talk about educating the next
generation but they are not there at the moment to be
educated.
Dr Walport: They are not all going to be clinical
geneticists though, are they? I think it is also about
training people who are gastroenterologists with a
genetic interest or training respiratory physicians
who have an interest in genetics. You can use that
argument with immunology as well. The clinical
immunology community is very small. The vast
quantity of immunology services are actually
provided by specialists in other domains.
Baroness Finlay of LlandaV: How much is in the
curricula at the moment for these diVerent
specialities?

Q142 Chairman: We will get the opportunity to
explore that with them, but you are making an
important point about the education side of it.
Professor Cotter, do you have a quick response?
Professor Cotter: I think there is a real danger of
saying it is clinical geneticists; this is not just clinical
geneticists, it is all of medicine. The reason we have
problems at the moment is because the geneticists
have got it right but the rest of genomics in medicine
has been ignored. We need laboratories around the
place of good quality that deliver DNA technologies.
Professor Donnelly: There will still be the need there
currently is for clinical geneticists to deal with. There
will still be people with monogenic disorders. I think
it is actually a mistake to think that they are the right
people to be taking this forward. They have some
training in one part of genetics and I completely agree
with the comments of my colleagues that this should
be much more routine and much more widespread. I
think it is wrong to think necessarily that the clinical
geneticists are the right environment and the clinical
genetics testing framework also comes from
monogenic disorders background and there is a huge
paradigm shift here. It is not obvious that they are the
right people to take that forward; they have some
with a helpful ground who have other skills. I think it
is a much wider issue in terms of training and
medicine.

Q143 Chairman: It is a diYcult issue to answer, but
currently clinical gastroenterologists train
gastroenterologists but if they do not already have a
knowledge about genetics as relating to
gastroenterology they are not able to train them.
Dr Walport: Some of those trainees will be able to do
research in a genetics environment and indeed
already are. I think that inflammatory bowel disease
is actually quite a good example. The advances in



Processed: 29-06-2009 20:38:59 Page Layout: LOENEW [O] PPSysB Job: 411133 Unit: PAG2

99genomic medicine: evidence

21 May 2008 Dr Mark Walport, Professor Peter Donnelly, Professor Herbie Newell,
Professor Peter Parker and Professor Finbarr Cotter

genetics of inflammatory bowel disease have actually
come from the gastroenterology community.

Q144 Lord Colwyn: The Wellcome Trust has had a
policy of making genomic data public and it has been
successful at making genome resources globally
available. In fact, the European Bioinformatics
Institute tell us that they have the potential to
coordinate activity inside the UK among European
Member States and internationally. Should
individuals be concerned about being identified from
their genomic data? Are there any risks of whole-
genome sequencing?
Dr Walport: I think the answer is that it is a legitimate
concern. If your sequence was put out on the internet
it would be possible in the fullness of time to identify
you as an individual, so there do need to be
safeguards. To give you a specific example, when Alec
JeVreys developed his forensic test DNA was
essentially an anonymous barcode but actually from
a piece of DNA at the crime scene you can now work
out the sex very easily, you can work out whether they
have red hair or not and, if they are men, there is a
reasonable probability you might be able to identify
their surname from their Y chromosome sequence.
That is actually a realistic possibility. There was an
example in the United States of a young man whose
father had been an anonymous sperm donor who
sent his DNA oV to one of these testing services and
it came up with a surname for him and on the basis
of that he was able to find his real father. The answer
is that it is a legitimate concern. It is a matter of low
risk at the moment I think, but there do need to be
safeguards. It is a crime to take someone’s DNA for
the purpose of analysing it so if I pinched one of your
hairs and analysed it that would be a criminal oVence,
but it is not actually a criminal oVence to take a DNA
sequence and maliciously identify someone from
that. I think that this is something that is going to be
looked at carefully in the future. The regulatory
framework is going to need to keep pace, but I would
emphasise that research governance in this area is
good so confidentiality is maintained; research
communities are well aware about not putting out
information on the internet that could allow people
to be identified. As an example of the sort of trouble
that the community goes to, Biobank has its own
independent ethics and governance committee. In a
nutshell, yes there is a risk; the research community is
well aware of this but regulation needs to keep pace
with it.

Q145 Lord Colwyn: Do you think there is a specific
risk that arises from collaboration between academia
and industry?
Dr Walport: No, I do not think there are any
additional risks.

Q146 Lord Colwyn: Do we need any special
safeguards?
Dr Walport: No, and I think if you look at the track
record of both academia and industry in this respect
they have been extremely good at maintaining
confidentiality.

Q147 Lord Colwyn: How do we reassure the public
that this is not going to be a problem?
Dr Walport: By firstly explaining the level of
regulation and protection that already exists. I think
it is actually about communicating the fact that the
risks are low—not that they do not exist—and
keeping an oversight of the regulatory environment
to see that the framework is fit for purpose.

Q148 Lord Colwyn: Also that there is no problem
participating in genomic research.
Dr Walport: As long as it is properly conducted the
risks are extremely small. You can never say there is a
zero risk of anything, but actually research is ethically
carefully scrutinised, proper consent is given in
genomic research and it is explained to people what
will happen if we do not do it.

Q149 Earl of Northesk: Do you think there is a need
for an international common public database of
genomic data generated by researchers? I am
assuming your answer is going to be yes, and on that
basis how on earth would it be funded and resourced?
Dr Walport: I am glad you asked that question. The
feature of the Human Genome Project was that the
data was put into the public domain and widely
available. We are seeing the value of that. There is an
enormous amount of genomic data; it is extremely
well curated. In the United Kingdom the holder of
much of that information is the European
Bioinformatics Institute. Much of the funding of the
EBI is in fact charitable and the European Union
does not provide adequate support from the
European Bioinformatics Institute. I have seen the
submission from them which I think is very
important. It is extremely important that there is
national funding for this enormously important
database. However, I do not think it is a single public
database of all genomic information; it holds the
reference information, so it holds the reference
genome and it will hold the reference data on genetic
variation, but it cannot hold all genetic information,
that would be impossible. I think one of the major
things that this Committee could actually be helpful
on is to point out the need for there to be proper and
sustained funding for databases such as the
European Bioinformatics Institute which will
otherwise become unsustainable and would put
Europe in a weak competitive position.
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Q150 Earl of Northesk: Are there any other specific
challenges in terms of delivering the sort of database
you have in mind?
Dr Walport: I think the challenge is increasingly one
of scale. Maybe Peter Donnelly would like to
comment on the issue of the scale of data that is now
being generated.
Professor Donnelly: I think there is an important
distinction in principle and in practice between the
kind of reference data that Mark was talking about—
genome sequences, adaptations and so on—and then
the huge volumes of data that are being generated
from research projects which is about genetic
information on specific individuals. I think
practically it is much harder to contemplate some
kind of uniform database. For historical reasons
diVerent studies have diVerent consents from
patients; they will involve diVerent conditions under
which the data can be released to certain categories of
people. I think it is practically extremely challenging
to put that data together. There are attempts to do
that both at the EBI, the European Genotype
Database (I cannot quite remember what it is called)
and also in the US. The idea there is that you could
have the data in one place but for a researcher to
access this part of it they need permission from this
access committee and to access that part they need
permission from someone else. That will continue I
think to be practically a big issue, and rightly so
because of the consents under which the data has
been given to the researchers.

Q151 Earl of Northesk: It seems to me that even the
core data of the genome would be a vast database in
any event. It would probably be utterly unwieldy.
Dr Walport: The human genome is 3 billion base
pairs roughly; in fact we have a print out of it in
Wellcome Collection and you can see what it looks
like. The data sets are absolutely huge. It is a really
important point that the UK Government and
indeed European governments recognise the
importance of providing systemic funding to the
European Bioinformatics Institute.
Professor Parker: Implicit in the question is the notion
that one might put all the data in one place and that
is a good way of curating and looking after it and
interrogating, whereas in fact I suspect the solutions
for the future are going to be how one has an
interrogating facility that actually accesses distant
databases that hold very diVerent types of
information. Genetics is a part of what we would like
to understand and take apart; we would like to marry
that to a lot of biological and functional information
which comes in very diVerent forms. The IT solutions
are going to be around the nature of those pieces that
sit in between those databases and allow us to distil
all of that information.

Q152 Earl of Northesk: Based on a federated IT
architecture.
Professor Parker: Yes.

Q153 Lord Winston: You have dealt with part of this
question already, but let us just put it on the record.
The suggestion that Connecting for Health could
play a part in using medical information held by the
NHS in genomic research studies raises issues of
confidentiality and security as well as the major
computational challenges. The question really is how
do you see this as being funded—it will clearly need
substantial new funding—and can the present
structures meet the demand of marrying up personal
medical and personal genomic information? Would
you like to comment a bit more on the funding?
Dr Walport: I think the answer is a staged approach.
Already we are seeing the power of record databases
in medical research, for example the GP research
database which connects anonymised information
from medical practices is proving enormously
powerful in analysing drug side eVects. We have a
research partnership with EPSRC, MRC and ESRC;
we have had a call for proposals for using electronic
patient records in research. I think the potential is
enormous and I think one should not look at it, as it
were, as a distant single goal where we have to wait
for a giant Connecting for Health project as a sort of
magic answer to it all; this is something that is going
to be developed in stages. It is expensive research; it
requires very careful discussion about consent and
confidentiality. As I say, I think we are on the right
path but we should not just say that we have to wait
for Connecting for Health; there are a lot of research
projects happening now. In Tayside they have a very
good electronic database around diabetes care where
the purpose of the database is to provide better
patient care, but that information can also be used in
individuals who have given consent alongside genetic
information and that is the sort of study that can be
funded.
Professor Newell: In cancer the National Cancer
Intelligence Network is an initiative starting to do
that. The confidentiality issues can be addressed;
making them foolproof of course is always a
challenge. Someone might put the discs in the post
inappropriately, but the actual structures can be put
in place.

Q154 Lord Warner: I ought to declare my interest in
having spent part of my life trying to implement the
National Programme for IT. Can I just get clear what
you are really saying? You are saying that research is
not necessarily going to be hampered, as I
understood it, by the speed of progress on getting
electronic patient records in place because there are
other ways of pursuing the research agenda. Does the
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National Patient Record not become very significant
in terms of applying the research findings in
treatment? A supplementary question to that, I do
not remember too many members of the research
community marching to my door pressing for
progress in the Electronic Patient Record when the
naysayers were trying to see progress. I am just trying
to understand where the research community is
coming from on this.
Dr Walport: At the risk of disagreeing, I think the
Wellcome Trust and the MRC and others have seen
from a very early stage the opportunity for
Connecting for Health. I think the community has
been pressing extremely hard and I think there has
recently been a transition with the recognition that
there is now a proper research programme for
development in Connecting for Health. The Board
that Alex Markham chairs has already been
mentioned. I do not think I said that the research
would be hampered; I think there are other things
that can be done whilst it is being developed, but
there is no question of the opportunity that large
databases bring; they oVer a huge potential
competitive advantage for the UK and indeed
Europe for advancement in healthcare through this
type of research. I do not for a second underestimate
the ethical issues here, but this is research which does
not depend on identifying information, it can be done
with anonymised or pseudo-anonymised data sets.
The opportunities are huge and I think the research
community has been pressing very hard on
Connecting for Health.
Professor Parker: Could I comment to the extent that
certainly there are local solutions that have been put
in place. I am aware that within Guy’s and St
Thomas’s, for example, there is a cancer information
system that has been put in place that allows
electronic records to be kept for their cancer patients
and that is because it has been pushed by the R and D
department on that campus to make progress. I think
people have taken a pragmatic approach because
they can control some aspects; they cannot control
perhaps the bigger piece.

Q155 Lord Warner: We have had, I think, slightly
mixed messages about the area of evaluation and
licensing of genetic tests. The written evidence we
have had from the MHRA seems very relaxed, but
other people suggested that there are some concerns
about the systems and agreement on the systems for
evaluation of genetic tests. How do you think the new
genetic tests should be evaluated in terms of patient
benefits, quality control and cost-eVectiveness? Are
the current systems eVective? This is quite a key area
for us to wrestle with.

Professor Cotter: I do not think there is a current good
system to do this. I think certainly one has to look at
the robustness of the test. You have to look at the ease
of delivery and the cost that goes with that and the
cost benefits if we are going to use it in the NHS. I do
not see any system currently that allows that to take
place.
Professor Newell: We would just reiterate again the
need for these road maps that specify these issues, the
validity of the test and its qualification. Does it
provide information which meaningfully impacts on
the management of individual patients? That
framework is just not available at the moment.
Professor Cotter: I fear to burden you with the
suggestion that there should be a NICE for testing as
well because it is a lengthy process. I think the other
fear you have is that the length in evaluation if you
have a lot of tests coming through is going to be in
itself a very diYcult and costly process. I think there
has to be some sort of evaluation otherwise these
things are allowed to spread and will become very
burdensome because some work, some do not, some
work well, some do not, some have commercial
benefits therefore they are being pushed. I think there
has to be some means of filtering the good from the
bad.

Q156 Lord Warner: Do you see a distinction
between the kinds of tests available for use within the
NHS and direct to consumer tests? Do you see a
diVerent system? Do you think it should be the same
system? What are the features of the system that
people would be looking for in your communities?
Professor Cotter: I think the tests have to be related to
a benefit to people. I think just knowing something
about yourself which you are unable to evaluate
properly does open up the commercial world. If it is
allowed to do it in an unregulated manner that can
then deliver all sorts of things: here is a test which can
tell you that you are more intelligent than somebody
else, or your child is going to be more intelligent,
when really these are multi-factorial things. I think it
would be slightly open to the unscrupulous if we do
not have some sort of regulation and I think we have
to have some means of evaluating and also making
sure that there is a quality control for those tests if
they are being delivered so that we know that the
laboratories that are doing it are delivering reliable
results.
Professor Donnelly: I disagree with parts of that. I
think there are diVerences between the level of
validation and assurance that is needed for, for
example, the health service using genetic tests. I
completely agree that in that case you would want to
be convinced that the information can make a
diVerence in the right ways as to how patients are
treated. I think in terms of commercial organisations
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oVering tests to individuals, there is a bit of a danger
of being a being a bit too paternalistic. I do not think
the test should be: is there a demonstrable benefit to
the individual for commercial tests. I think the test
that should be used is: is there a danger of harm? They
can be rather diVerent things. If there is not a danger
of harm we might think that it is up to the individual
if they want to pay money and get some information
back. I do not think in terms of commercial testing we
should necessarily be insisting that there is some
centralised body that gives a rubber stamp and says
that there is a clear benefit here. I think we are
absolutely right to be careful about dangers.

Q157 Chairman: How do you think direct to
consumer tests, for example deCODEme and others
should be regulated?
Professor Donnelly: I think that is a diYcult issue. I
know there have been suggestions in some of the
papers that self-regulation is a good way forward and
certainly my sense of the three major companies in
the US—deCODEme, 23andMe and Navigenetics—
have all taken pretty responsible positions I think
which is encouraging. That does not mean that every
commercial organisation will. I know the EU has
guidelines.

Q158 Chairman: It is an unregulated environment
where a self-regulating code may not last very long.
Professor Donnelly: At the very least some kind of
code of practice which those involved in the field
agreed to would be good. I think the general issue of
regulation is probably the generic one of on the one
hand a lot of regulation may be a good thing, it will
slow the field down and it will grind to a halt; on the
other hand I think there are dangers that need to be
addressed.
Professor Cotter: The NHS has CPA inspection as
standard.

Q159 Chairman: My question was more about direct
to consumer rather than the NHS.
Professor Cotter: I think there should be some form of
inspection or standard so that you know that the
results are reliable.
Professor Parker: That is not regulation, it is a kind of
kite mark for diVerent assays; you would know that
the information that is given back to the consumer
is correct.
Dr Walport: One issue is that much of this is actually
going to be oVshore and therefore very diYcult to
regulate. If you can put a hair in an envelope and send
it oV it is going to be done outside UK jurisdiction.

Q160 Chairman: Point taken, but that should not
mean that we should not have any regulation in the
UK.

Dr Walport: It makes sense that tests that are going
to be used within the NHS to be regulated but, as I
say, I rather agree with Peter Donnelly that it is going
to be very diYcult to regulate the direct to consumer
side of it.

Q161 Baroness Finlay of LlandaV: I want to pick up
on Professor Donnelly’s comments about direct to
consumer testing and the people who then come into
the NHS carrying results which may be false positives
or false negatives and wanting the tests re-run and the
financial implications for the NHS; and also
potentially the indemnity liability for tests which are
done, where the boundary falls between the ones that
are contracted out for privately (which you can view
almost like private sector treatment) versus the
responsibility for the NHS towards the whole
population.
Professor Donnelly: I think there are real issues and
there are issues that the NHS will have to confront
sooner rather than later. I think the sorts of things
that are being oVered and are likely to be oVered in
the direct to consumer world, they are not tests in the
usual sense where you have a positive or a negative,
you get a result back which says, “Your risk of heart
disease, based on the genetic factors we have tested,
is increased by 20 per cent or decreased by 50 per
cent”. It will not be the case that people will be
arriving at their GPs saying, “This test has said I’m
going to get diabetes or something”; it will be about
risk. However, I think there are still live and very
important issues about how the GP copes with that,
what happens then if the person says, “I’ve had a test
which shows that I am at increased risk of colon
cancer or breast cancer or something; I want to have
more screening than would usually be the case”. I
think there are issues that have to be faced. It will
happen but I do not know what the answer will be.
Dr Walport: There are no new principles here.
Someone could always come in with a chest x-ray
that was taken in a private clinic and say, “Look, it
shows this slightly odd smear”. You can argue both a
positive and a negative. It may actually act as a
stimulus to the health service to take this on a bit
sooner. If people come in with high quality genetic
testing it does start pointing in the sorts of direction
that Peter Donnelly said. They are important issues,
there is no denying it.

Q162 Lord Warner: Can I just pursue this issue of
tests within the NHS, the NICE analogy that was
made? What you seem to be saying is that we need
something like the NICE mechanism but a lot faster.
Is that a correct understanding of what you are
saying?
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Professor Cotter: Absolutely.

Q163 Baroness Finlay of LlandaV: We view the UK
as the world leader in genomic science, in part due to
the funding that is coming from the Wellcome Trust
and other philanthropic and charitable
organisations. If this model is so successful what are
the arguments as laid out in the Wellcome Trust
submission that there is an overdependence on
private philanthropic funding given our success
record?
Dr Walport: I think the simple answer is that our role
is to complement the funding of Government and not
to substitute for it. I think the UK is absolutely
world-leading in the area of human genetics,
genomics, cohort studies and informatics and that is
because the UK has been lucky enough to have the
Wellcome Trust which happens to be very well
resourced. However, we are not here as a substitute
for Government. The area I would particularly pick
out is the area of the long terms sustainability for
genome databases; this simply should not be
dependent on philanthropic funding. We are
delighted to be able to work in the UK in partnership
with the Government—for example we co-fund
Biobank—but if the Government stops doing its bit
in support of that research I think we would have to
look very carefully at our position in funding in the
UK.
Professor Donnelly: I think there is somewhat
simplistic but natural distinction between the basic
research where we are very fortunate to have the
Wellcome Trust and other charities who play a major
role in the UK in funding as well as Government
funding, but an obvious niche for the Government is
the translation of that into clinical practice. There is
a gap between the kinds of things that we are
fortunate to have learned from research studies
recently and a whole range of questions about how
you take that into practice in terms of these risk
factors. We identify genetic risk factors, we do not
know how they are related to environmental risk
factors; we do not know how, if someone has this
particular constellation of genes and you use this
treatment, does it make a diVerence or does it not?
There are a huge range of questions like that which
actually require quite large studies, some of which
should be starting now. There is a natural place for
Government funding there to take the basic research
either funded privately or through the research
councils, do the translations and move it across the
clinic.
Dr Walport: I do think it has been an incredibly
successful public/private partnership. Going back to
Lord Warner’s question about Connecting for
Health, it is why actually we do try to work with the
NHS and others to advocate for optimising the

environment for medical research in such a way that
will ultimately lead to patient benefit, which is what
it is all about.

Q164 Baroness Finlay of LlandaV: There are some
who would argue that it is precisely because it is not
Government funded that it has been able to be more
rapidly responsive to the research community and
that research might actually be hampered and slowed
down if it were more dependent on Government
funding. I wonder what the arguments are that go
against that.
Dr Walport: There are certain features of the
Wellcome Trust which I think have been very
valuable in this so we can take a very long term view.
We knew human genome sequencing was going to
take a long time so I think we can take advantage of
our sort of long term horizon. For us it is essential to
be able to work and support research in an
environment where the public funders and the
Government also recognise the importance of this
research and are prepared to work in partnership
with us. I think if we lost that partnership it would
diminish our ability to do our work.
Professor Newell: We have a very specific example of
a great success and that is the Experimental Cancer
Medicine Centre Network in the UK where we have
19 centres across the UK jointly funded by the
Department of Health and Cancer Research UK to
provide the infrastructure that allows the
experimental cancer medicine, much of which
increasingly is using genomic biomarker studies, to
take place. That provides the bedrock where the rapid
response and, as you correctly point out, the focus in
the right areas is maintained through response
mode funding.

Q165 Lord Taverne: We have had quite a lot of
evidence about the need for some sort of central
coordinating body in certain fields—centralised
control and quality—but how far does this apply to
the need for a centralised body or a particular body
to provide a strategic vision on genomic medical
research? Is the current system eVective or should we
allow a hundred flowers to bloom?
Professor Cotter: No, I do not think the current system
is eVective and if I could just go back to the previous
question the point was made about the funding
bodies providing the research but then it comes to a
stop. I think there is a cultural problem and that is in
educating people very early on that genomic
medicine is important, that we apply it and that we
should be translating the research into our practices.
Currently there is a barrier where the NHS tends to
say that that is research and therefore there is no need
to worry about, when we should be worrying about it
and incorporating it through as part of the flow.
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There is a cost in treating patients; genomic medicine
should decrease the cost of treating patients because
we can pick up things earlier and we can be
preventive. That is really the reason that we should be
incorporating it in part into our practices, therefore
we need to have a strategic view as to how we can take
that through. It is the lack of strategic view that fails
to engage the NHS position as opposed to the
research position or research work and therefore
some view I think would make a major diVerence.
Dr Walport: I think there has been a very strong
strategic vision in the research area actually. That is
one of the reasons why the UK is so far ahead. The
scientists have worked together very eVectively and I
think that is from a combination of the funders
working with the research communities themselves
and asking how they can add value. I think the
strategic vision there has been strengthened and there
certainly no need for a central coordinating body on
the research. I think where the strategic vision is
lacking is how you take that knowledge and use it in
the health service. That is where there are some
enormous opportunities for a much better strategic
vision and I think that is the responsibility of the
NHS.

Q166 Lord Taverne: Should the NHS be the lead
body?
Dr Walport: You could argue whether it is the
Department of Health or the NHS but it has to be
within Government which provides the health service
where the strategic vision is taken as to how you get
it out there.
Professor Cotter: The block in moving it forward from
research into the NHS is the failure of the two sides
to engage. I think it is the NHS in part that fails to
have that engagement.

Q167 Chairman: That point has come out in several
of your answers. The gap seems to be in the
translation—whatever this word “translation”
means—of the research being converted into
practice, who does it and who is responsible. I am not
so sure that you have given an answer as to who you
think should be in the lead position taking this
forward. May be you do not have an answer.
Professor Newell: This is the second translational gap
that Cooksey identified. There is the first one of
taking it from the laboratory into the clinic in the first
place which, as you say, is the one we are more
familiar with. The issue of who is responsible for
doing that, from our perspective you have to link the
person who is ultimately going to have to be paying
for it to involvement in that decision and that is
ultimately the health service.

Dr Walport: Surely that innovation has got to be in
the NHS itself and I think that is one of the
challenges. I think there needs to be more innovation
within the service.

Q168 Baroness Finlay of LlandaV: Just picking up on
the translational issue, I have a concern that there is
a sense that as things get rolled out then that data just
becomes subsumed in every day management
without being collected and looked at. I have a big
concern that you do not retain the patient population
within on-going monitoring of studies to really be
able to evaluate over the long term the cost eYcacy
and the health implications across the broad
population. When you are doing the research you are
doing it on a fairly limited population; the pure
research is quite diVerent to the population that gets
rolled out with multiple comorbidities.
Dr Walport: That in a sense comes back to the
discussion with Lord Winston about the value that
Connecting for Health could have in providing that
long-term information about a 50 million cohort of
patients. You are absolutely right, rolling it out is
only the start; you need to evaluate it in practice.

Q169 Lord Warner: Do you think the research
community is doing enough on the cost eVectiveness
of these discoveries and their applications? The NHS
culturally finds it very easy to say that it needs more
money to take this on but it is very bad in giving up
things which do not work terribly well. There is an
education issue I think in relation to the research
community about the benefits—not just the patient
benefits but the cost eVective benefits—for some of
these new approaches.
Dr Walport: It must be right that a lot more research
could be done on cost eVectiveness. That is absolutely
right. I think it relates to Baroness Finlay’s point as
well, one does need to evaluate how they work in
practice.
Professor Cotter: I think that is partly why having
some sort of NICE type evaluation on cost is
important. Of course they are diVerent priorities:
research does not look at the potential cost
implications to the NHS. Part of that translational
divide is where the barrier comes up.

Q170 Baroness Perry of Southwark: Following on
from your answer to the last question, you seem to be
identifying the NHS/Government as the organisation
that should bridge the gap between research and
clinical outcomes. If that is so, then my question is
really about coordination of advice to Government.
All the evidence we have had so far indicates that
there is a mass of advisory bodies and committees
with little coordination on how Government policy
can be informed. What do you think about the
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current system? Do you think it works well or could
there be a more coordinated approach and, if so,
what would that be?
Professor Cotter: If you look at genetics it is in a much
better position than the rest of molecular medicine;
you have the genetic testing groups, you have the
GenCAG Committee, you have the Genetics
Commission which engages with the people who are
actually going to pay for the work that is being done.
We have the Government White Paper and the
funding that came through that to set up the
networks and to take that forward. It is a very tight
knit approach and I think avoids a lot of the issues
that we are talking about. I think we need either an
enlarged process from the one we currently have that
involves all of the genetics side of things. When it
comes to genetic therapy there is the Gene Therapy
Advisory Committee which actually evaluates
treatments and approves what is going forward. You
have two bodies there already that involve genetic
therapies being delivered and also some form of
genetic testing. The only thing is, the clinical genetics
one is really just concentrating on inherited disorders
whereas you have a much, much broader field with
micro-biology, virology as well as cancer, among
others.
Dr Walport: I think at the level of Government the
Human Genetics Commission is a wise body and if it
was given a bit more resources to do its work it could
actually provide the coordinating body that would
provide a NICE in this area. I would not create
anything new; I would actually empower the HGC.

Q171 Chairman: I hear that there is a review to be
carried out on genetic advice; do you have any
comment on that?
Dr Walport: No.

Q172 Chairman: I have three supplementary
questions. The last one is directly to Dr Walport
which you may or may not be able to answer, but I
will come to that in a minute. My first question is, in
your submission the Wellcome Trust suggests that
Generation Scotland provides a good model for how
NHS patient records can be harnessed in the context
of translational medicine. Could you expand on that
comment? Why do you think this example is a good
example to follow?
Dr Walport: I think this goes beyond genetic
medicine, but that the framework in which the
Scottish Health Informatics has been constructed has
been a much more supportive one both in clinical care
and research. I think it has been designed with very
good involvement of the clinical community. I gave
the example earlier of the diabetic database in
Tayside. I think it has been a much more bottom up
development and I think that Generation Scotland

has come out of that and is turning into a very
eVective model. The challenge when you have a
population less than ten million is very significantly
diVerent than for delivering it for a 50 million
population and in a way it reflects the remarks I was
making earlier about starting on a smaller scale and
then build up to the grand scale. However, there is no
question that if Connecting for Health can be
implemented fully then it oVers a 50 million tool as
opposed to a ten million tool. I have visited the set-
up in Dundee and it is a very powerful set-up in terms
of informatics, providing better patient care and in
doing so doing very good research. It is interesting in
that context that in a peer review funding
competition we were able to fund the research I
mentioned on statins and the research on diabetics.

Q173 Chairman: Several times during the questions
you have alluded to where we might be able to
recommend where it may be helpful in progressing
genomic medicine further. Have you further
comments to make as to key areas where you might
be able to make recommendations in terms of
research, translational medicine and public policy?
Professor Newell: One area we have not spoken so
much about is informing the public and empowering
them to be equal partners in the decisions that they
are going to have to make about the results they are
going to get from genomic tests. The issue has been
touched on around monogenic diseases and it is very
clear that these are very complicated issues and the
behavioural changes that we might be seeking to
implement as a result of those tests and potential
psychological eVects on individuals armed with that
information are all key issues. I think that should be
a key component of rolling out the genomic
medicine agenda.

Q174 Lord Winston: Do you not think that it is more
than just informing the public; it is a question about
having a dialogue with the public. This is increasingly
embedded in Government policy and I think we
should listen to those fears and try to respond to
them.
Professor Newell: Absolutely.
Lord Taverne: Are there any examples we might
follow of previous Government policy?

Q175 Lord Winston: Yes, we do have one. The
Sciencewise policy over the HFEA Bill was rather
successful. The HFEA was initially very resistant to
the idea of the hybrid embryo but, after the dialogue
conducted by Sciencewise, Government policy was
turned around, very much in favour of what we have
seen passed on the statute books this week.
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Professor Newell: That is a good example.

Q176 Chairman: Are there any other issues?
Dr Walport: We have covered the ground but I would
pick out two things as being crucial. I think enabling
research at the level of large populations is key to
moving ahead. There are a lot of issues, but that is an
absolutely fundamental one and raises some of the
issues we have been discussing with Lord Winston.
The second one I would highlight is support for the
informatic infrastructure at a European level where
the Government has a key role to play. Those would
be my two top messages.

Q177 Chairman: Thank you very much. The
question I have for you, Dr Walport, is that I know
that you together with the Information
Commissioner are going to look at and review the use
and sharing of personal information in the public and
private sector. You may not be able to say much at
this stage, but in the context of our inquiry into
genomic medicine do you want to make a comment?
Dr Walport: I deliberately have not talked about it so
far, although the work is highly relevant. Sir Richard
Thomas and I were asked to do this review in October
last year, little knowing that three weeks later HMRC
would lose, allegedly, 25 million records, so the profile

of this review has been quite high. We will be
reporting to Government hopefully in the middle of
June. We have done a very extensive consultation
which has actually covered a lot of the issues we have
been talking about. We have had about 240 written
responses; we have had eight workshops; we have had
50 one-to-one meetings. All I can say at this stage is
that I think some of our recommendations will be
germane to the issues of data sharing in the context of
research and statistics because it comes up as a clear
issue. I suppose if you look at a taxonomy of sharing
of data, data can be shared for three purposes. It can
be shared for the purposes of protection and
enforcement; it can be shared for the purposes of
service provision; and it can be shared for the
purposes of statistics and research. In a sense, the
ground that we have covered today involves data
sharing in all three of those domains actually but I
think at this stage you will understand if I cannot let
you know what the actual recommendations are.
Chairman: It was unfair of me to ask that question,
but I was too tempted! Can I thank you all for a most
interesting and, from our point of view, extremely
useful session. If you find that there are areas that we
have covered about which you would like to send a
further submission, please do so and it will become
part of your evidence. Thank you very much again.
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Memorandum by the Royal College of Pathologists

Background

1. The Royal College of Pathologists (RCPath) is a registered charity, bound by its Royal Charter to promote
and maintain the standard of service in pathology (i. e. all of laboratory medicine, including genetics) for the
benefit of patients and the general public. It is not a trades union and it does not discuss the terms and
conditions of employment of its members.

2. Histopathologists are concerned mainly with the diagnosis and evaluation of disease on the basis of the
examination of diseased tissue samples, especially but not exclusively relating to cancer. We are well aware of
the potential future impact of the detailed analysis of germline DNA on the diagnosis of inherited disease. We
are also aware of the potential for the analysis of inherited genetic variations to provide detailed information
on a person’s susceptibility to many common illnesses, as varied as diabetes, vascular disease and cancer. These
are extremely important areas. However, our emphasis in this Submission of Evidence is on the optimal
identification and classification of established disease processes, to facilitate better treatment and the provision
of better prognostic information.

3. Increasingly this involves aspects of genomic medicine other than the analysis of the inherited DNA
sequence (“germline” DNA). These include testing for acquired DNA mutations in tumours; analysis of
patterns of gene expression in diseased tissue (“transcriptomics”); and analysis of patterns of protein
production in diseased tissue (“proteomics”).

4. A separate response to this Call for Evidence is also being made by the Joint Committee on Medical
Genetics. We support and endorse the views expressed in that submission, which has a greater emphasis on
“conventional” inherited diseases than does this one.

5. In the diagnosis of infection, the detection of the genome of a microbial pathogen can often produce faster,
more sensitive and more specific tests than conventional microbiological approaches. This important area is
not considered further in this Submission.

6. Diagnostic approaches bases on the analysis of DNA (or RNA) are already an integral part of the
management of patients with some relatively rare malignancies, notably haematological malignancies
(leukaemia and lymphoma) and some sarcomas. For some new anti-cancer therapies it is already a
requirement that information about genomic changes in the tumour must be available before the drug can be
given. Data from one haematopathology laboratory (Prof. F. Cotter, Bart’s & The London) indicate close to
a threefold increase in the use of these techniques in the last two years. It is inevitable genomic analysis will
soon be a standard requirement for many much more common tumours. Demand is set to increase
exponentially.

Use of Genomic Information in a Healthcare Setting

7. As explained above, this submission is limited to the context of diagnostic services. In that context, in the
future these techniques:

— will permit more accurate and biologically meaningful classification of disease, including the sub-
classification of common conditions that were previously regarded as a single condition (for example,
colon cancer), thereby providing explanations of previously unpredictable variations in response to
treatment and in prognosis;

— will thereby guide more appropriate treatment and avoid ineVective treatment, and will identify some
patients who do not need treatment;

— will be an absolute requirement before the administration of many new treatments, especially new
anti-cancer drugs;
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— will increasingly allow the prior prediction of severe adverse reactions to specific drugs, avoiding the
current “trial and error” approach to idiosyncratic drug reactions;

— will permit more accurate and earlier diagnosis using smaller and less invasive sampling methods (eg
detection of mutated DNA in urine samples to detect bladder cancer, rather than cystoscopy and
bladder biopsy); and

— will facilitate new population screening programmes to detect early disease.

8. However, all these developments will require investment if the benefits are to be achieved, and consequently
a cost-benefit analysis is necessary before they are funded from the public purse. Failure to do this properly
will result either in the loss of potential health benefits to the population, or to resources being wasted.

9. The need for cost-benefit analyses apply to large healthcare organisations such as the NHS. But it also
applies to individual members of the public, who may be persuaded to pay for directly-marketed “genomic”
investigations without fully understanding the risks and benefits. We are concerned about the risks to the
general public posed by the unregulated direct commercial marketing of genomic investigations. “Market
forces” can only work if the purchaser is in a position to evaluate adequately the product which is being
purchased, which we do not believe is the case here. This area has recently been explored by the Human
Genetics Commission in their report “More Genes Direct”(1) and, with our assistance, by the charity “Sense
About Science”(2). However, our current submission is limited to the provision of conventional (principally
NHS) diagnostic services.

Research and Scientific Development

10. To assess the risks and benefits of a new diagnostic investigation is diYcult. When a potential new avenue
for disease investigation emerges from basic research, work is typically done to measure parameters such as
diagnostic sensitivity and specificity (sometimes called “clinical validity”). International standards for the
reporting of test accuracy have been widely accepted(3).

11. Unfortunately there is rarely any evaluation of whether a clinically valid new test actually results in any
patient benefit (ie “clinical utility”). This is an important and complex question. There can be many reasons
why a test with excellent clinical validity may ultimately produce no patient benefit, while conversely a
relatively insensitive or poorly-specific test might help patient care considerably if it is relevant to a diYcult
clinical situation where no better test exists. An approach to such evaluations in the context of cancer diagnosis
has been published(4) and is supported by the National Cancer Institute of the US National Institutes of
Health, but has not been widely used.

12. This lack of evidence on patient outcomes makes undertaking risk benefit analysis very diYcult, resulting
in reliance on “expert opinion” or a failure to make any decision at all.

13. We believe that this lack of research on clinical utility is driven by several factors, including the
organisational diYculty of conducting this type of research; its relative lack of “prestige” amongst the scientific
community; and a traditional reluctance of the major grant-giving bodies to fund “mundane” research into
such practical matters, research which is not directed towards improving our understanding of the underlying
disease processes. We also suspect that the distinction between clinical validity and clinical utility, explained
above, is not widely understood.

14. The current ethical and regulatory framework for such patient-based research has largely evolved with
therapeutic research on living patients in mind. The result is a system which is perhaps excessively cumbersome
and bureaucratic for research which can involve little or no risk for patients, as the research materials are
typically anonymnised samples of surplus biological material linked to relevant clinical data.

15. Industry contributes very little to this type of research. We suspect this is partly because there is no
regulatory requirement to undertake it, so companies find aggressive marketing to be more commercially
eVective than research; but it is also true that there are much lower profit margins in diagnostics than in
pharmaceuticals, so the funds available for such research are quite limited.

16. Consequently we recommend that incentives and funding should be established to encourage high quality
research to evaluate whether and to what extent the many new genomic-based diagnostic approaches actually
improve patient outcome.



Processed: 29-06-2009 20:40:48 Page Layout: LOENEW [O] PPSysB Job: 411133 Unit: PAG3

109genomic medicine: evidence

Policy Framework

17. We are concerned that the approach to evaluation and implementation of new diagnostic tests is
fragmented, incomplete and ineVective. The introduction of new drugs for NHS use is overseen by a
sophisticated regulatory system; there is no such framework for new diagnostic tests.

18. The MHRA is concerned to assess the safety of new “in vitro diagnostic devices”, but this is largely limited
to ensuring compliance with EU regulations. It does not address clinical validity or utility as defined above.
It has been suggested that this is analogous to insisting that a drug company ensures that a new drug is
chemically pure and does not poison patients, without any requirement to demonstrate that it can actually
produce any benefit for patients.

19. NICE and NHS QIS (Quality Improvement Scotland) have a responsibility to evaluate new diagnostic
modalities in addition to their better-known role in relation to therapeutics, but in practice they have evaluated
only a very small number of innovations in laboratory diagnostics.

20. The Department of Health (England) has identified several other organisations that have a responsibility
in this area, including the National Horizon Scanning Centre, the Health Technology Assessment programme
and the Centre for Evidence-Based Purchasing. However, we suggest that the existence of many bodies with
overlapping responsibilities demonstrates that the work is not well coordinated. Furthermore, all these
agencies are selective in the topics they will address, and many new innovations are not covered by the remit
of any of them. In practice, evaluations from these bodies have had very little impact on laboratory practice
in the UK, and we see no evidence to suggest that this situation will change in the near future.

21. We therefore recommend the establishment of a new UK-wide body, or reorganisation of one of the
existing bodies, to provide a single comprehensive function for horizon-scanning and evaluation of new
laboratory investigations. Such body should also advise on areas where research is needed to resolve the
uncertainties explained above. It should work towards the development of an authoritative guide to the
appropriate use of all laboratory investigations, in a way analogous to the service currently provided for drugs
by the “British National Formulary”.

22. This area was the subject of a recent conference of diagnostic specialists(5). The list of recommendations
of that conference is attached as Appendix A. Very similar conclusions were independently recently reached
by the Science Council in an almost simultaneous report(6). We are not yet aware of any formal Government
response to either of these reports.

Translation

23. In the absence of a national system of evaluation, discussed above, the implementation of new diagnostic
techniques is left to local evaluation and decision-making.

24. In the NHS, the provision of laboratory diagnostics is usually based on a fixed annual budget, which may
(or may not) be sensitive to major changes in demand, but which typically does not include eYcient
mechanisms for funding new developments.

25. Many of the new developments in genomics are dependent on investment in costly machines and extensive
training. The rapid rate of progress in technology means that almost as soon as new equipment is acquired
it is necessary to start planning for its next replacement. This is a diYcult concept for many NHS managers
to accept.

26. To deal with the data handling, storage and security, it will also be necessary for NHS IT schemes to invest
in suYcient server capacity (as well as staV), PCs, equipment interfaces, and suYciently sophisticated
Laboratory Information Management Systems (LIMS).

27. Hence investment is an obvious requirement if the potential of genomic medicine is to be translated into
improved diagnostic services for patients. But the availability of the necessary investment and facilities is being
curtailed by the “silo” structure of funding in the NHS, and by a historical under-resourcing of pathology
services. These problems are clearly identified and analysed in Lord Carter’s recent report on the provision of
pathology services in England (7), but solutions to these problems have not yet been implemented.

28. Current Department of Health policy is to devolve decision-making to a local level as far as is possible.
The arguments for this policy have been well presented and are understood. But in the present context of
genome-based diagnostics, to fund any new development at local level demands that someone locally has the
time and energy to draw up a well-argued business plan. This is diYcult and time-consuming, for reasons
given above.
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29. To replicate such a time-consuming bidding and evaluation process in every hospital is an extremely
ineYcient use of staV time and will generate inequalities in provision across the UK (ie “Postcode
diagnostics”).

30. However, the more likely outcome is that local proposals to implement new developments are not made
at all. This is because of the diYculty of the process and the lack of evidence of patient benefit explained above;
because NHS staV rarely have the time to undertake this sort of work; and because the size of the investment
needed is widely perceived as being unlikely to be available within the “silo” budgets of an individual Trust.

31. The logical route to implementation is for local hospital units to co-operate and form collaborative
networks, much as was recommended by Lord Carter (7).

32. Unfortunately, the Department of Health (England)’s current policy of “contestability” and the
establishment of independent Foundation Trusts have encouraged a climate of competition between NHS
Trusts, making such collaboration diYcult or impossible.

33. We therefore suggest that the eYcient implementation of new genomic-based diagnostic approaches will
demand central direction and funding for the establishment of specialist laboratories to provide these services,
on a model similar to that of the current National Commissioning Group (formerly NSCAG). This nationwide
approach has already been adopted in the comparatively small arena of “conventional” inherited disease, as
is explained in the separate Submission of Evidence by the Joint Committee on Medical Genetics; but this
system is far too small to address the issues raised by the involvement of genome-based diagnostics in much
commoner diseases.

34. We suggest that if this model is adopted there will remain a need for local expertise in the requesting and
interpretation of new investigations, but that the technical provision of the tests will be undertaken, as Lord
Carter recommended, on a network basis.

35. An alternative would be to leave provision to the private sector. But the need for individual NHS units to
evaluate what services should be purchased would remain; so most of the problems outlined above would not
be resolved. In the absence of central guidance, commercial provision would raise the possibility of
inappropriate local decisions being made on the basis of commercial pressure rather than on the basis of
scientific evidence. The provision of individual investigations by a commercial organisation would presumably
be limited to tests that are commercially attractive, thereby potentially disadvantaging patients with rare
diseases.

Training and Education

36. In order to take advantage of future developments in Genomic and Molecular medicine it will be necessary
to ensure that current medical practitioners as well as the next generation are educated in this subject. The
RCPath is exploring how genomic and molecular pathology might be brought into the curricula for trainee
pathologists and Clinical Scientists. The intention is to have core level of understanding for all pathologists
and more advanced training and curricula for specialists; but providing this training on such a large scale is
proving diYcult.

37. There is a need to train staV who specialise in medical bioinformatics, to support those staV carrying out
testing and those staV receiving results.

38. There is also a need to improve training in molecular genetics in the undergraduate medical curriculum.
That area is the responsibility of the General Medical Council.

39. In the UK a mere five individuals are qualified in the application of genomics to “acquired” disease, in
distinction to diseases that are conventionally regarded as “inherited”. Only one of these is in NHS
employment as a Genetic Pathologist (in CardiV), the rest being employed in senior academic posts or in one
case as a Clinical Geneticist. Of these five individuals, four are cancer geneticists.

40. There are nominally just two Genetic Pathology Specialist Registrar posts in the UK. In the absence of
any consultant posts to absorb trainees the RCPath has recently had to conclude that the specialty should be
suspended in terms of training. This is surely a bizarre development, driven by the reality of short-term
economics rather than any logical assessment of future need.
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APPENDIX A

Recommendations from the report of a Diagnostic Summit on “The evaluation of diagnostic tests and
complex biomarkers”, hosted by the Royal College of Pathologists and the PHG Foundation, held in
Cambridge on 14–15 January 2008.

The full text is available at: http://www.rcpath.org/resources/pdf/DiagnosticSummitFinalreport08.pdf

Recommendations

1. A new body should be established to ensure the evaluation of laboratory diagnostic tests and the creation
of a database of new and existing laboratory tests.

2. This body might be established de novo along the lines of the UK Genetic Testing Network, or the
responsibility could be placed with existing professional societies such as the Royal College of Pathologists,
the Association of Clinical Biochemistry or the Academy of Royal Colleges.

3. A publically available database of existing and new diagnostic laboratory tests should be set up containing
evidence, or explicitly the lack of it, for the validity and utility of clinical laboratory tests.

4. Where a test evaluation has already been carried out and published by an appropriate agency it should be
linked to the database.

5. Where evidence is missing for existing tests, particularly evidence of clinical validity and utility,
consideration should be given to funding the necessary studies.

6. Policy makers and all stakeholders should be encouraged to address issues around funding and gathering
the necessary evidence for the clinical evaluation of new and complex biomarkers, and should consider the
establishment of private-public partnerships to increase industry involvement.

7. An independent expert body should be responsible for the evaluation of the evidence for test performance
and making recommendations about clinical use.

8. Commissioners and health care professionals should be encouraged to use only those tests where suYcient
evidence of clinical performance exists.

9. Statutory regulators should be empowered to require that evidence (or lack of evidence) relating to test
performance be placed in the public domain.

10. A more responsive and proportionate risk assessment during pre-market approval is needed to ensure
patient safety.

Please note that very similar recommendations were developed almost simultaneously but quite independently
by a working group of the Science Council.
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A summary of the Science Council report, including its recommendations, is available at http://
www.sciencecouncil.org/documents/diagnostics execsummary.pdf

20 April 2008

Memorandum by the Royal College of Physicians

Inquiry into Genomic Medicine

I am writing on behalf of the Royal College of Physicians to express our endorsement of the Joint Committee
on Medical Genetics written submission to the above Inquiry (sent separately).

21 April 2008

Memorandum by the Royal College of General Practitioners

1. The College welcomes the opportunity to respond to the House of Lords Science and Technology
Committee’s call for evidence on Genomic Medicine.

2. The Royal College of General Practitioners is the largest membership organisation in the United Kingdom
solely for GPs. It aims to encourage and maintain the highest standards of general medical practice and to act
as the “voice” of GPs on issues concerned with education, training, research, and clinical standards. Founded
in 1952, the RCGP has over 33,000 members who are committed to improving patient care, developing their
own skills and promoting general practice as a discipline.

3. We consider the questions raised by the committee to be timely and relevant. We believe that genomic
medicine must be developed in such a way that places the patient first, giving particular consideration to issues
of patient consent. It is also essential that such technology is developed in consultation with a wide range of
healthcare organisations to ensure that it is applied to clinical practice eVectively and appropriately.

Policy Framework

4. We would advise that any policy framework should be developed in collaboration with relevant expertise
groups, including the Manchester National Centre for Primary Care Research and Development.

Research and Scientific Development

5. Funding should be available for applied health services research and not be restricted to laboratory-based
research. Research priorities should include clinical studies at the level of the individual patient, taking into
account patient perceptions of the value and the best use of data.

Data Use and Interpretation

6. The principles of managing the use of information in a health care setting should be those of patient-centred
ethical practice. There should be safeguards on individual data. GPs will need to be careful in the future when
filling in Personal Medical Reports about what genomic information is provided to insurance companies as
this may impact on insurance loading.

7. There is a clear need to adapt GP systems to allow the future recording of genome data. As GPs will have
a responsibility to store genome data on their IT systems, there will need to be a dialogue between primary
care IT experts and the IT software industry to determine how such information can be stored and accessed.

8. It may well be possible in the future for completely anonymised genetic data to be linked with anonymised
medical records and utilised for research. While the general public appear to have little or no objection to
totally anonymised clinical data being used for research purposes, whether this is true for genetic data is
unclear.

9. When patient consent is sought for the use of non-anonymised genomic material for research purposes, it is
diYcult—indeed probably impossible—to ensure that all potential uses can be foreseen at the time of consent.

10. It is likely that in the future, obtaining consent for genetic testing—whether for clinical care of for
research—will increasingly fall to general practitioners. This has implications for training, in particular
ensuring that GPs have the necessary expertise and feel confident in their ability to undertake such tasks.
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11. The storage of genetic information on databases poses the risk of violation of individual privacy and
confidentiality. We would caution against interfacing such databases with the NHS spine as this could increase
the risk.

Translation

12. The translation to clinical practice should include consultation with the royal colleges at every step. This
is because it is likely to be primary care services which are in the best position to use data for prevention, shared
decision making and eVective referral.

13. Re “future-proof” technologies: In such a fast moving field, virtually any technology invested in will
inevitably become obsolete at some point in the future. However, a moratorium on investment is not advisable.
This is because it would be diYcult for healthcare or research organisations to suddenly rejoin the world of
modern genetics having stood still for a number of years. Developments in this technology are incremental,
and therefore ongoing investment is needed to maintain and update workforce skills, experience and expertise.

The Use of Genomic Medicine in a Healthcare Setting

14. We anticipate that genomic medicine will have a major impact on healthcare, and we are already seeing
this with sub classification of diseases eg Diabetes (MODY). General Practice must accept this and be aware
of the changing classification of disease and the potential interventions that may diVer depending on disease
state. As with all developments in medical technology, training will need to follow the emerging evidence base,
and GPs will have to feel confident to give patients the relevant advice.1

15. In order to disseminate expertise on this rapidly developing technology, it may be necessary to provide
community based genetics advisory services. Involving close collaboration between regional genetics
departments and primary care, they will act as a centre where local primary care physicians can access help
and information when faced with clinical problems or issues associated with the ethical, legal and social aspects
of genome based medicine.

16. The application of genome technologies in medicine may have many benefits, but it must not be assumed
that all persons would wish to submit themselves for genetic testing. If a person is found to have a high risk
of a condition, there will be instances where this is likely to be shared by relatives. While some relatives might
wish to be tested, others may not, particularly if they believe that there is little they can do to alter the situation.

17. GPs regularly advise their patients to eat a balanced diet, take exercise, not to smoke and limit their
alcohol consumption. Giving patients inappropriately negative impressions of their health status can lead to
anxiety, depression and the restriction of activities that they might otherwise engage in. This situation could
arise with the provision of genetic information to patients.

18. Genetic testing can, of course, throw up ethical debates about the benefits to society versus the rights of
the individual. A member of the College reported being engaged in such a debate about genetic testing for
Huntington’s Chorea and the implications for other family members.

Additional points and recommendations:

Prioritising Diagnostic Technologies for Evaluation

19. One of the diYculties faced by organisations, such as the National Institute for Health and Clinical
Excellence (NICE), is the need to find a means to prioritise diagnostic technologies for rapid evaluation. A
College member has recently developed prioritisation criterion for use by organisations.2 The criterion
includes questions relating to the nature of the disease being tested (eg is the condition an important problem
in terms of prevalence and incidence or morbidity and mortality?), questions relating to the diagnostic
technology involved (eg has the safety and analytical validity been established?) and questions relating to the
impact of the diagnostic technology (eg could greater diagnostic precision using the technology lead to better
targeted treatment delivery?).

20. I acknowledge the contributions of Professor Liam Smeeth, Dr Nick Summerton, Professor Amanda
Howe, Dr Imran Rafi and Dr Andrew Ross towards the above comments. While contributing to this response,
it cannot be assumed that those named all necessarily agree with all of the above comments.

23 April 2008

1 A chapter on Genetics is now part of the RCGP curriculum
2 BMJ 2008;336:683 (29 March)
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Examination of Witnesses

Witnesses: Professor Peter Furness, Vice-President, Royal College of Pathologists, Dr John Crolla, Chair,
Joint Committee on Medical Genetics, also representing the Royal College of Physicians, Dr Imran Rafi, Royal
College of General Practitioners, and Professor Stephen O’Rahilly, Professor of Clinical Biochemistry and

Medicine, University of Cambridge, examined.

Q178 Chairman: Good morning to all of you and
thank you for coming. Welcome to the panel that have
come in their spare time to give evidence to us today
and a particular welcome to Professor Stephen
O’Rahilly who I know was called in at the last minute.
My first question relates to translation of the genomic
information and genomic science. We have had
diVering views given to us on this. On the one hand we
have the view that DNA and RNA-based tests are
already being used in clinical medicine and on other
hand we are told it will take years before many of the
genomic science knowledge will be translated into
clinical medicine. Which bit is true, and how fast is the
science moving so that we are able to plan its
translation into clinical medicine? The memorandum
from the Royal College of Pathologists states that
there will be an exponential increase in genomic tests.
What are the cost implications of all of this? Who is
actually monitoring or making pronouncements
about which tests are good and which tests are not so
good?
Professor Furness: I am Professor Peter Furness. I am
Vice-President of the Royal College of Pathologists
and President Elect. I am a histopathologist by
training, but I have also been heavily involved in a
College initiative looking at how we evaluate new
diagnostic investigations.Youhave just askedawhole
series of questions, all of which have really very
complicated answers.

Q179 Chairman: Simplify it for us!
Professor Furness: You started with what was given to
us as question one on the list of possible questions,
which concludes, “Are these diVerences disease
specific? Or are they a reflection of the diVerent types
of genetic tests?” The answer is both. The word
exponential came from a discussion that we had with
Professor Finbar Cotter, who is a hematologist, who
has described in his laboratory an increase of three-
fold in the number of genetic tests beingundertaken in
the spaceof twoyears.Elsewhere the increasehasbeen
less dramatic. I know my colleague Dr Crolla has
some information about the increases annually of
about20or soper cent inadiVerent area.Theproblem
is that this is so enormously broad. Leukemia is
mentionedasanareawheregenetic testsofonesortare
already very important because in some types of
leukemia there are consistent, reliable and relatively
straightforward changes that you can look for. Other
types of cancer are much more variable. For example,
we have recently seen developments in expression

profilingwhichgive improvedprognostic information
in breast cancer, a common cancer compared to
leukaemia. I have already mentioned a relatively
simple and long-standing set of genetic investigations
for leukaemia and compared that to a technically
completely diVerent investigation looking at what the
genes are doing and how they are being expressed.
There was a good example in Nature a few years ago
which took what we thought was a single disease
entity, large Bcell lymphoma, which we thought had a
very unpredictable response to treatment and
demonstrated that by looking at the gene expression
of these tumors you can split them into those that will
respond and those that will not. That was in 2002 and
it is still not in routine practice. I have only been
talking about acquired mutations in tumours. I have
not even been addressing the underlying changes
which I think stimulated this Select Committee’s
inquiry, which are to do with population-wide
screening of an individual’s inherited genome, I have
been talking about mutations in that genome. There is
another question in your list that is talking about
cervical cytology, which I think is actually related to
assessing the genome of viruses rather than humans.
You have in here such a vast spread of potential in a
whole lot of diVerent areas that the Select Committee
is going to have to be careful to pick out the diVerent
elements and recognise that there are advantages to be
gained in a whole lot of diVerent areas as a result of
diVerent technologies. Saying “exponential” is
probably mathematically inaccurate because it is
going to bevery jagged. In some diseases there is going
to be a development that becomes very valuable very
quicklyand inothers it is going to take longer and then
suddenly there isabreakthrough,but that is thenature
of the whole process. You asked a question about the
expense. That is immensely diYcult to discuss, but the
costs vary depending on the diVerent tests that are
required. At the moment I am told that sequencing
someone’s entire genome can cost about £10,000, but
extrapolation suggests that that will probably come
down to £1,000 within a few years. We are already in a
situation where I am told if you want to sequence 10
genes from one individual economically you may as
well sequence the whole thing. There is a very rapid
change. The costs will come down, but they will
remain substantial if you have large numbers of
patients compared to what we use at the moment.

Q180 Chairman:Wehave towriteour report so that a
common person understands it and not scientists like
you.
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Professor Furness: I do not envy your task!

Q181 Chairman: The summary would be that where
the science is going suggests that there will be the
translation of the science into clinical medicine, both
diagnostic and the testing of diseases?
Professor Furness: Yes. The translation will be diYcult,
though, for the reasons we have explained.

Q182 Chairman: Do any of the others want to
comment?
Professor O’Rahilly: I am Steve O’Rahilly. I am
Professor of Clinical Biochemistry and Medicine at
Cambridge. I am a practicing physician and
biomedical researcher and I am here for the Academy
of Medical Sciences rather at the last minute. Giving
some concrete examples sometimes gives a good
flavour for what sort of sudden jumps can occur.
When you are sitting in a regular diabetic clinic the
assumption is that everyone looks the same because
the people have got a disease called diabetes. A
wonderful researcher from Exeter Andrew Hattersley
recently decided to look at people who have had
diabetes frombirth and byusing genetic techniques he
found that a very large number of people who had
diabetes in the first few months of life had a particular
mutation. All of those individuals, even after 30 years,
could be taken oV insulin and put onto a tablet and
they became insulin-free, having been a slave to this
injectable drug for many, many years. It caused
dramaticchanges in theirhealthbenefits.Theproblem
is it is a rare condition, but it is a real example of where
the use of genetics suddenly unleashes a real change in
clinical practice. A lot of the genome-wide association
studies, et cetera, are wonderful insights into the
biology of disease but their immediate translatability
is not obvious. On the issue of dissecting the
heterogeneity of what we think is a common disease,
yougotoadoctorandhe thinksyouhavegotdiabetes,
he thinks you have got obesity, but in fact those
diseases are sub-dividable. What genetics is doing
increasingly is actually helping us to subdivide those
into separate entities, some of which may end up
having specific therapies. That is where the rubber of
genetics hits the road of clinical practice.
Dr Rafi: I am Imran Rafi. I am a GP in Surrey and co-
chairman of the Primary Care Genetics Society. As an
end user, we are not really doing a lot of genetic testing
in primary care, but we are being exposed more to
aspects of genetics. For example, population
screening, the sickle cell haemoglobinopathy
programme, is going to impact on primary care. Also
there are tests that specialists use that we are
increasingly aware of that do aVect patient
management. For example, where patients are
prescribed Azathioprine for whatever disease they are
being treated for, the expectation now is that they get

tested for a certain enzyme influenced by genetics
which aVects Azathioprine metabolism. I think our
exposure in primary care is going to increase. We have
seen that with cancer care in that where perhaps 20 or
30 years ago we would get a letter from the specialist
saying, “This patient has got breast cancer. We plan to
give them surgery and then radiotherapy or
chemotherapy,” now we get letters which come back
stating that this patient has got breast cancer and we
also get information back about the tumour and the
tumour biology. I think that over time clearly patients
will get more multi-gene profiling which will aid their
treatment. Primary care does have to be ready. .

Q183 Chairman: Would anybody like to comment as
to who should be looking at the risks and benefits of
genomic tests? Is anybody looking at it?
Professor Furness: The UK Genetic Testing Network
is, in relation to conventionally inherited disease.
DrCrolla: IamJohnCrolla. I amhere representing the
Joint Committee on Medical Genetics and the RCP. I
amaclinical cytogeneticistwithaspecial interest in the
translation of genomic technologies for high
resolution analysis of the genome for inherited
disorders. My expertise is very much on the
constitutional side. I think this is an extremely
complex issue, as Peter has already underlined, and I
think it is going to be of some importance to unpick
how the translation of genomic science is going to be
implemented with the greatest eVectiveness. Your
question here is whether genomic science to the clinic
will take many years or will be rapid. I think the
answer is that in some cases it will be relatively rapid,
as we have seen from Andrew Hattersley’s work, but
in other areas it is going to have to be much slower
because the evidence base needs to be built up. I think
there is a danger of impatience and pushing things a
little bit too quickly so that we do not get a thorough
evidence base on which to make prognostic,
therapeutic and diagnostic decisions and I think that
this is an important consideration. Which body
oversees this?Thereare variousmodels thathavebeen
discussed. The RCPath and the Public Health
Genetics and Genomics Unit in Cambridge have
looked at the implications of genomic medicine and
molecular pathology testing in the broader context
and have made several recommendations which I am
sure are available to the Committee. My view is we
need caution and we need time because the pace with
which the technology is evolving canovertake the way
in which we have to analyse and interpret the data.

Q184 Lord Winston: I am very grateful for Dr
Crolla’s caution. I am really troubled, gentlemen,
because I am worried that you are looking at this
through rose tinted spectacles. When we talk about a
£1,000 or a £10,000 genome sequencing I am inclined
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to say, “So what?”. I agree that the single gene defects
for certain rare diseases may be jolly useful, but it
seems to me thatwhatwe arenot takingaccount of the
epigenetic eVects which occur during development
which may radically change somebody’s response to
environmental influence later on, which therefore
means that the genome may pay very little respect to
the development or otherwise of the disease that we
really want to screen for, including diabetes. I wonder
if you would comment on that because it seems to me
to be absolutely critical in understanding whether or
not we really can use the genome to really benefit large
swathes of the population. I am seriously doubtful
about that.
Professor Furness: I think when we had the meeting in
this room a few months ago we heard the evidence
about the prospects for identifying increased
susceptibility to common diseases from such large
investigations, which is essentially a tool to permit
targeted population screening, so we then get into the
question of evaluating the cost-benefit analysis of
population screening programmes. We have seen
already the diYculty and the arguments around
introducing the screening programmes that we have
already got, such as cervical screening and breast
canner screening, which are technically much simpler
but, nevertheless, therewere enormousandprolonged
arguments about the costs and benefits. I am sure you
are entirely right to be cautious there. One of the
problems that were highlighted by the report which
John Crolla has just mentioned from the meeting
which I co-organised is the diYculty of generating
exactly that evidence of clinical utility. Will it actually
aVect patient care? It is very diYcult to generate that
sort of evidence. There is a problem with funding
research to provide that sort of evidence, which we
have discussed. Even if the evidence is there—and it is
usually pretty flimsy—there is a problem with
evaluating and allocating the responsibility for
evaluating that sort of evidence. The basic science is
moving ahead at enormous speed such that the
relatively cheap genome analysis will soon be with us,
but the tools for turning that into logical decisions for
the whole country we feel are not in place.
Professor O’Rahilly: I share some of your caution
about the practical applicability of some of this
technology, but I would point out a few things. While
epigenetics and programming are clearly important,
that does not mean that the data which supports the
heritability of many common and complex diseases is
not true. I think everyone who works on them would
say that the heritability is pretty reasonable for many
of the diseases. There is a genetic component. It is not
the whole story but it is the epigenetic and nutritional
and heritable programming that is layered on to a
heritable predisposition. Secondly, the driving force
behind a lot of these large scale genetic studies is not

necessarily to make them into a diagnostic for public
use, it is to understand disease pathways and biology
and to aid the pharmaceutical and biotechnology
companies who might be able to perturb those
pathways to treat people irrespective of their
genotype, but understanding how a disease happens
and what the components are of it are potentially
enormously helpful to industry in terms of its attempt
to find better therapeutic services. With some of these
diseases there are very limited amounts of therapeutic
options, so if you know that a particular pathway is
involved in the development of that disease you may
be able to manipulate that pathway. Thirdly, I think it
is a mistake to say that genetics is a very useful tool for
these rare individuals with single gene disorders and
then the rest of the diseases are something diVerent.
One is going to segway into the other. In my own field
of obesity genetics, for example, 10 years ago people
just thought if you are fat you are fat, it is just a bunch
of fat people. In fact, the heterogeneity is such that
there are now 10 diVerent monogenic disorders. These
people just look fat, but they have a single gene that is
causing them to be obese. These genes are on
particular pathway and on one very rare occasion we
are able to do somethingabout it. The principle would
be that these diseases that look like they are all the
same (and, are not in your category of the interesting
monogenics) will turn out after appropriate research,
to contain rather simple genetic disorders hidden
within the complex phenotypes that are present.
Dr Rafi: I suspect that in 10 years’ time I will probably
be doing essentially the work that I am doing today,
which is still trying to promote good health, trying to
change people’s behaviour to reduce weight, reducing
heart risk and so on. I think where genomics will help
will be as an extra tool where perhaps, as stated
already,wecan target thepatientswhoareparticularly
at high risk and use genomic information to aid
management in those patients. I suspect the nature of
the job will not change.
Dr Crolla: Having introduced the note of caution, I
want to underline the enormous excitement and
enthusiasm for the translation of genomic technology
into diagnostics. There is a lot of enthusiasm within
the NHS infrastructure, particularly within the
genetics laboratories and in the evolving molecular
pathology disciplines. There has to be caution but
there is also a great excitement and enthusiasm. What
weneed to reallyhave time todo is aproper evaluation
and have the infrastructure developed so that we can
do this translation in a systematic way. I think that is a
point that needs to be addressed really quite urgently
because it has implications right across the spectrum
in terms of who we recruit, who is going to be fit for
purpose in five years’ time in order to do this
diagnostic work, to do the interpretation, how are we
going to train them and how are we going to embed
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these technologiesand,also,horizonscanbecause this
is another major issue. Peter has alluded to the fact
that there are various estimates as to how quickly one
can move from the whole genome scanning to
epigenetic analysis. I just want to balance the caution
with the enthusiasm, but we do need to get the
structures in place to get the right people to deliver the
service to the population via the NHS.

Q185 Lord Colwyn: The Academy of Medical
Sciences described the high risk for Crohn’s disease
and type 2 diabetes in individuals who carry several of
the susceptibility genes. In America last week we saw
examples of other genes and other high risk diseases.
For example, for type 2 diabetes and Crohn’s about
0.1 per cent of the population have a 10–20 increased
risk of developing these diseases. Given that this test
will soon be available for 50 or so of these common
diseases, is it likely that these tests will show a
significant proportion of the population have a 10–20
fold increased risk of at least one common disease?
Professor O’Rahilly: I saw this document yesterday for
the first time. I was not involved in its genesis.

Q186 Chairman: Did you agree with it?
Professor O’Rahilly: I know its authors and you do not
necessarily ask barbers if you need a haircut! Peter
Donnelly is the leader of the Wellcome Trust Case
Control Consortium who has been a major driver
behind the data, and of course he would be bullish. He
would not be in the job if he was not bullish about the
power of this technology. As an end user and not
someone who has been centrally involved in this I
would be a little more cautious about those
interpretations.Forexample, in type2diabetes,where
5 per cent of the population get the disease, a 50-fold
increasewouldmean250percent.Youcannotget that
increased risk, the background is too common. There
are certain disorders which the novel genomics have
found such as adult macular degeneration where the
predictive power of some of the snips that have been
had are enormous; carriers really have had a hugely
increased risk. If you could find those people at risk
whentheywere50anddesignsomecleverpreventative
therapy based on the knowledge of the disease and
stop people going blind that would be a wonderful use
of genomics, to prevent blindness in old age on the
basis of understanding the people who are susceptible
and doing something about it. That would be really
bullish and possibly achievable Crohn’s disease is a
relativelyuncommondiseaseand it is thebest example
where the genome-wide scans have found many genes
with a strong influence. Yes, you probably couldfind a
group of people in the country who would be highly
predisposed to Crohn’s. It would be a relatively small
number of people. For things like type 2 diabetes we
have found new pathways, we have found new genes,

but the ones we have found to date represent a very
small proportion of the risk. In fact, the nay-sayers of
this say that if you compare the power of asking
someone two questions, “how fat are you?” and “do
either of your parents have diabetes?”, then you get
just as much predictive power as using the combined
genes that are currently available for type 2. These
geneeVectsarereal, thedata isbelievable,but together
they explain only a small fraction of the heritability of
type 2 diabetes. What is coming out of these genome-
wide association scans is really a case of ” a glass half
empty” vs. “a glass half full”; it is exciting that for the
first time we have found new genes that are
predisposed to these diseases and they are real and
they are believable and they are not false positives,
they truly really are involved, but despite throwing a
large amount of eVort at it they explain only a small
fraction of the heritability and probably there is going
to be tremendous heterogeneity based on the fact that
the genome is much more variable than we thought it
was.The nightmare scenario is that everyone’s disease
is unique and that everyone with type 2 diabetes has it
foradiVerent setof reasonsandthat isgoing tobehard
to handle. There have been some failures of the
genome-wide association studies. Hypertension and
the bipolar disorders have not, so far proven
particularly tractable to this approach even though
their heritabilities are quite high. At the best end this
could really provide tremendous predictive power for
certain diseases, macular degeneration, Crohn’s
disease, but as you get down to other diseases then I
think you have to be cautious. I think it will be
tremendous for finding new pathways, for
understanding potential routes to disease, for helping
the pharmaceutical industry, but in terms of us all
having our personalised print, my personal opinion
would be that we need a huge amount more
information before we go down that route.
Professor Furness: I do not propose to get into
discussions of guessing how and to what extent this
will impact in terms of what is possible, but I think the
example of Crohn’s disease does provide a very useful
illustrationof what is meantby clinical utility “Wecan
do it. Is it worth doing?”. If you could easily screen the
population and detect the one per cent who are at high
risk of developing Crohn’s disease it might look like a
useful screening procedure, except for the fact that
people who have developed Crohn’s disease present
with abdominal pain, diarrhoea, constipation, a
whole load of symptoms that make you think at that
point you now need to do something about it. You
probably do not need to do anything beforehand, in
which case the clinical utility of knowing what you are
susceptible to is zero, arguably. Another example
would be if we could identify a constellation of genetic
changes which meant that someone was at very high
risk of developing high blood pressure. That is a
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disease that causes lots of damage with no symptoms.
If you find it early you can treat it, prevent the damage
and prevent the strokes, heart attacks and so on. So
there you would probably have a very good case for
whole population screening. If you do screen the
wholepopulationyouwillpresumablypickupafewof
the rare diseases like Huntington’s, where if you have
got the mutation you are going to get the disease, it is
definite, but if there is nothing you can do about
treating the disease. Again we are back to clinical
utility and do people really want that information?
The number of questions that are going to have to be
answered in terms of decisions on what the health
service should do in this country are legion and
systems that we have at the moment, such as NICE,
which look at a small number of big issues, are not set
up to cope with the profusion of questions that are
going tobe generatedon whatwe shoulddo with these
techniques.

Q187 Lord Colwyn: Can you make any comment on
thePolish screening surveywhich I think found that in
the whole of the population, looking for breast cancer
genes, there were 4,000 carriers? Were there any
lessons to be learned from that andalso problemswith
lower penetrance genes?
Professor Furness: That is not an example that I put
forward, but I would think it would be an excellent
illustration of where you could then target breast
screeningprogrammes,aswecurrentlyknowthem,on
thosewhoareathigherriskpotentially ifacost-benefit
analysis demonstrated that that is worth doing.

Q188 Lord Colwyn: Should infants be screened for
low penetrance genes just after birth?
Professor Furness: I think you are sitting next to a
notable philosopher who can analyse that rather
better than I would.

Q189 Chairman: In scientific terms is it worth
screening infants for a whole batch of diseases with
high penetrance?
Professor O’Rahilly: We do already screen infants for
diseases that we can do something about. I think
screening people for things we cannot currently do
anything about should be in the realms of research. It
is not in the realmsof translation intogeneral practice.
I am not familiar with the studies you mentioned, but
it is perfectly reasonable to do research studies asking
what would we find if we did this, but moving it into
clinical practice is a diVerent issue. It has to have a
health benefit for the individual.

Q190 Lord Colwyn: Early screening would surely
give you some views on lifestyle and how it should be
led in the future. Is that not important?

Professor Furness: It depends on the disease. If you are
dealing with a disease where we are not aware of
lifestyle changes that can impact on the outcome,
where is the value? If you are dealing with heart
disease, for example, you are probably right.
Chairman: We heard for instance that the NIHR are
looking at a plan to screen all infants for some 23
diVerent diseases, some of which will not have a
treatment.

Q191 Baroness Perry of Southwark: Are we not
pushing the translation imperative a little too far for
the stage which the science has reached? In any
research there has to be a very long period of blue-
skies, non-applicable research before anything
emerges that could become applied. Outside the field
of medicine that is true as well. What is happening,
surely, is that we are learning an enormous amount
now about disease and about the genetic component
of diseases and that in itself is very valuable
knowledge. Maybe down the line further than we can
see now, for some of the diseases which at the moment
we say it is not worth finding out because they are
untreatable and because there are no clinical
outcomes there will be as we learn more and more
about the disease. Are we pushing the need for clinical
translation a bit further than the science allows?
Dr Crolla: There are large-scale studies—the UK
Biobank studies and a Western Australia equivalent
study—which are really designed to tease out these
associations on a populational basis. I think perhaps
we need again to wait a little. I think there are two
questions thatarise.Thefirst is thecost and the second
is whether there is an intervention and, if there is an
intervention, is it acceptable? I think this point has
been made several times. If you just want to know for
the sake of knowing at this point because at some time
in the future that knowledge may be useful, what are
the ethical implications of having that information
available for that patient knowing that in the future
there may be repercussions and implications about
which you know absolutely nothingat this point? As a
clinical scientist I amdrivenby the imperativeofbeing
asked to do a test based on its clinical utility, based on
its diagnostic impact and based on potential
therapeutic interventions. I think by moving into this
very, very broad area of genomic association studies
we are in danger of perhaps going too far at this
point—although I am not saying it is not going to be
true soon—and I think the seminar that this
Committeeorganiseda few weeksagounderlined that
point time and time again because not only do we not
have the data on which to make these definitive
prognostic judgments but we also at the moment do
not have the bioinformatic resources in place to
interpret these, except within a pure research milieu.
Perhaps what we are talking about here is how you
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would translate that into a diagnostic setting and I
think we need more time.
Professor Furness: I think your point is well made but,
again, I would come back to the diVerences that there
are in diVerent areas and the complexity and the vast
number of questions. I have already given one
exampleof amolecularmethod fordistinguishing two
diVerent groups in what we thought was one type of
lymphomawhere if youknowthediVerenceyouknow
whether the treatment is going toworkornot, and this
is a very nasty toxic treatment. At the other end of the
spectrum, you have heard the example of genetic
screening for bipolar disorder, manic depression, on
which the current opinion is that it is not worth doing.
That has not stopped commercial companies from
marketing it direct to the public over the Internet. The
underlying problem is that we do not have the system
for evaluating when we have stood back for long
enough and evaluated the evidence; there is no co-
ordinated evaluation system. You get this
discrepancy: people leaping inon inadequateevidence
at one end of the spectrum and not acting on good
evidence at the other end of the spectrum.

Q192 Baroness O’Neill of Bengarve: I found the
distinction in the Royal College of Pathologists’
submission between clinical utility and clinical
validity very useful. Am I right that what we are now
discussing is how you take a second step, having
established clinical validity, in order to establish the
utility of a given test or possibly the use of a test as a
screen? You have just pointed to an example of the
disorganised and helter-skelter nature of the response
with some of the commercial organisations jumping
and others holding back. I think one of the things that
is proving pretty hard, at least for me, to get my mind
around is what structures do we have and what
structures should we have in order to make that
transition. We have a lot of bodies here with a lot of
diVerent, and sometimes perhaps overlapping
competencies, and it seems to that me that we do need
to gain some understanding of who could fund
research into the utility—it is I think clinical research
that is needed here—and is such funding now going
on? Is NIHR able to fund it; if not they, who?
Dr Crolla: That is to the nub of the problem that I
think that Joint Committee’s submission also
underlined. In terms of pure research I think there are
adequate funding streams through the MRC,
Wellcome and charities with specific interests. The
problemcomes in the translationbetween the research
funding and being able to demonstrate its clinical
utility in a clinical setting. Historically, laboratories
were able to access Culyer funding in order to
underpin some of that R&D within the laboratory
structure but that funding has been withdrawn. I do
not think we have any problems with a much tighter

and a much more peer-reviewed process replacing the
Culyer top-sliced funding stream through NIHR, but
NIHR excludes laboratory-based research from its
current calls. The Joint Committee has tried to enter
intoadiscussionwithNIHRbecause severalmembers
have reported that there is a funding gap, and I think
that NIHR would be the place that we would look to
to create specific funding streams. The MRC has
recently announced a call for translational research
and Iamnotquite surehowthat is going tomapout. It
is a new call and we need to look at it and evaluate it
and see how successful it is, but NIHR from the
evidence that I have to hand and from my personal
submissions, they simply do not get past triage, they
do not go out to peer review because they do not fit the
current calls. I think that is a serious issue and if the
Select Committee could in some way influence the
NIHR funding streams so that area could be
addressed, I think that would be very valuable for the
scientific community.
ProfessorO’Rahilly: Ihave recentlybeenasked tochair
the MRC’s Translational Research Overview Group
and sit on the Strategy Committee so we can discuss
these things. It is certainly true that the new £120
million of Government money to the MRC to do
translational research includes the evaluation of
diagnostics and not just therapeutics and so there
should be new money from the MRC specifically with
the goal of translation, and of course translation of
diagnostics is exactly what we are talking about here.
I do agree that it is a gap in NIHR’s funding criteria. I
think NHIR has done a fantastic job in the last year or
two under Sally Davies to really be imaginative and to
work together under OSCHR to try and get all this
right. I had not realised that they had specifically
excluded laboratory-based research. They obviously
do not do that in their Bio-Medical Research Centres
(BMRC) because within the BMRC funding
umbrella, NIHR very much emphasises laboratory
research, but they are in limited geographical areas
and may not be co-terminous with the centres of
genetic excellence. That could be a problem and I
agree, John, that NHIR should perhaps look at that
and see that these tests are just as an important part of
the patient management experience as treatments or
interventions.
Professor Furness: Those two responses concentrated
on doing the translational research to work out
whether something has clinical utility.Thenext stepof
course is making the decision on when is the evidence
good enough to spend the money. There have been
some new developments since we submitted our
writtenproposals in that area.Theyare newproposals
and not physical developments that I think I should
mention in that the Department of Health in
Connecting for Health has recognised that it needs to
have a catalogue of all the pathology tests that we do,
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all the laboratory tests that we do, which is itself
proving somewhat challenging. As part of that, and I
think I can say partly because of the arguments we
have been putting forward, they have now very
recently recognised that there will be a need for a
mechanismtokeepthat listup-to-date.Theyhavealso
tentatively recognised the need to have information
about all these tests that will guide when they should
and should not be used; for commissioners and also
potentially for the development of expert systems to
guide doctors in appropriate laboratory testing. We
are in the next few weeks having some exploratory
meetings with the Department of Health to discuss
how their rather static pathology catalogue list might
be expanded into mechanisms to cover all this.
Inevitably, funding remains a problem. A small
amount of money has been identified which we hope
will allow a sort of seed-corn development of trying to
work out how to do it—and there is no promise of
anything long term. I am very hopeful that that
approach to making decisions for the whole NHS will
go forward because otherwise decisions on how to
interpret the research will be left to local
accountability and we will have diVerent areas taking
decisions on very limited expertise and coming to
completely diVerent conclusions.

Q193 Baroness O’Neill of Bengarve: That has been
very, very helpful but I think beyond that there is a
level of decision-making that has to address the
question of clinical eVectiveness and cost
eVectiveness, some analogue if you wish of NICE.
Could you envisage such a body? It clearly does not
exist but is there a need for such a body?
Professor Furness: There is a huge need for such a body.
The problem with NICE, as I have suggested, and
indeed with all the various government bodies that
have an interest in this is that they decide which
questions to answer and they pick up a few small, as
they put it, “big ticket” issues rather than addressing
this vast numberofquestions, and theirmodelwill not
work. The organisation which I think has done
splendid work to address this problem is the UK
Genetic Testing Network in its gene dossier system
which has, I think, established a paradigm for doing
proportionate evaluations in order to make decisions
where a large amount of the Exchequer’s money does
not necessarily hang on it, but patient care could
benefit. We need to expand that sort of system to be
able to cope with taking large numbers of decisions,
which include how much evidence do you need in this
particular case to make a decision? The UKGTN, I
think John would agree, is vastly too small to take on
this task but it has developed a good model.

Q194 Baroness Perry of Southwark: I would like to
turn to the subject of trainingandeducation forhealth
care professionals. A lot of the evidence that we have
had suggests that they are going to be a central
component to understanding and interpreting genetic
tests. Given that the number of such tests coming into
clinical practice is increasing, what is being done to
plug the gap in genetic and genomic education in the
existing workforce and indeed what is being done
about the initial training of medical students?
Dr Rafi: From the perspective of general practice,
there is some preparatory work that has been on-
going. The National Genetics Education Centre have
been working with the Royal College of General
Practitioners and they have now devised a curriculum
for specialty training which is part of the general
curriculum for new trainees going through general
practice. They will be tested on genetics in their final
examination and, more importantly, to learn about
the important facets of genetics and how to get basic
genetic knowledge. They will need also to consider all
the ethical, social and legal implications of genetics as
well.Out of theWhite Paper in 2003 therewere 10GPs
that were funded nationally to workwithin their PCTs
and a lot of the work that these GPs did was to
promote educationand raise awareness of the value of
primary care genetics. Most, if not all, of those
projects were very successful in doing that. I think
there is a realisation now that GPs and GP trainers
who are involved in training GPs locally need to gain
genetic knowledge. For example, the London
Deanery have realised this and are setting up courses
for genetics initally for GP trainees. Also the Primary
Care Genetics Society are setting up courses for GPs.

Q195 Baroness Perry of Southwark: What would
your estimatebeof theproportionof the existing force
ofgeneralpractitioners thatunderstandsenoughtobe
able to counsel and interpret?
Dr Rafi: There have been research papers in general
practice that have looked at this and the overall
consensus is that confidence is low. That may be a
generational gap and it may be that as new trainees
come through and they pick up genetic knowledge
through the undergraduate curriculum that they will
naturally get a better expertise of genetics but,
similarly, you cannot ignore the rest of the workforce.
So I think it is really important that the RCGP work
with the deaneries who in turn work with local GP
trainers to disseminate genetic knowledge.

Q196 Baroness Perry of Southwark: Last week in
America we were told some pretty startling
commercial companies’ conclusions wherepeople can
send oV their baby’s genetic material and they will tell
you whether your child is going to be a star athlete. It
will not be long (because it is all on the Internet) before
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people are turning up at their GP surgeries with this
sort of rubbish and asking for interpretation, and it is
very important that they are able to reply and to
counsel people.
Dr Rafi: Exactly and being able to recognise from
these printouts which patients are at high risk and
which can be relatively reassured in general practice
without the need for further referral. An anecdote I
heardrecentlywas thatapatient cametotheirGPwith
this printout of their genome and they had 40 tests
looking at various diseases. They were referred on to
the clinical geneticist who in turn had to contact the
company to findoutwhat testswereactually doneand
then had to counsel the patient for those diseases. It is
going to be a time-consuming aVair and there are
going to have to be service models set up to look at
what is the most eVective way of being able to provide
patients with the necessary support that they need.
Professor O’Rahilly: One concern I would have about
the direction of travel of both undergraduate and
postgraduate medical education is that the role of
science in the training of doctors has been rather
downplayed. With the necessary increase on the
emphasis on communication, et cetera, that has
sometimes been to the detriment of a basic grounding
in hard science. If, with the greatly expanded number
of graduates, including new medical schools et cetera,
we are creating a new cadre of doctors which is going
to be less capable of having a deep understanding of
what the science is about; that is a concern.

Q197 Chairman: We have had this issue about
education which we will probably explore with the
Colleges too, about wider education (i) about public
education in genomics and genetics and (ii) about the
education of all health professionals, and particularly
the availability of genetic experts and also then to be
able to communicate as the science develops and not
teach something today and then two years later the
worldhasmovedonbut theyhavenotcaughtup.How
do you impart continuing education and what should
the professional organisations be doing about this?
Professor Furness: We have structures for continuing
professional education and development which are
intended to cope with the continuing problems.
Whether theyare adequate to the rateof change in this
field is debatable. John, you are probably the best
person to talk about the training of specialist
professionals in genetics.
Dr Crolla: Yes, I would just predicate that first by
saying that the National Genetics Education and
Development Centre, which is run by Peter Farndon,
is also developing core curricula for medical
undergraduates. I am not quite sure how far that
curriculum has been developed but hopefully that will
be rolled out and a cascade of genetic information and
knowledge mediated through a whole range of

diVerent health professionals and the NGEDC does
this, I think, in some very imaginative ways.

Q198 Chairman: So do you think there should be, as
a view has been expressed to us, a centralised
responsibility for somebody to impart genetics-based
education to all health professionals as the knowledge
increases?
Dr Crolla: This was one of the primary remits of the
National Genetics Education and Development
Centre. It comesup fora fundingreview later thisyear.

Q199 Chairman: Who funds it just now?
Dr Crolla: The Department of Health—Diana Paine
is sitting behind me—so that is being rereviewed this
year. I think that is one mechanism that needs to be
looked at and strengthened if necessary. I think
through the Joint Committee we have certainly seen
submissions where they have done some really
excellent work in cascading genetic knowledge. Can I
just take your Lordships then to the question of
specialist training for our current workforce. What is
happening now is a curious mix of initiatives.
Currently clinical scientistswho aspire to become, like
myself, Fellows of the Royal College of Pathologists
(it is the only Royal College that admits non-medical
graduates) undergo training which currently involves
four years of pre-registration training which will be
specialist training either in cytogenetics
(chromosomes essentially) ormolecular genetics (that
is DNA). At the end of those four years the Health
Profession Council will then register that person as a
state-registered clinical scientist and then they either
stay at that stage or they enter into higher specialist
training which largely is currently relatively
unstructured and mostly unfunded. I think this has
been an issue for many, many years but has never been
adequately addressed. What is now coming up is that
an initiative called Modernising Science Careers is
being initiated by the Chief Scientist—

Q200 Chairman: I hope it does not have the same fate
as Modernising Medical Careers!
Professor Furness: It is worryingly similar.
Dr Crolla: It is worryingly similar and it is some of the
same personnel but, anyway, I will not divert there.
The current plan, although none of this is actually
written in stone, is that the pre-registration scientist
training will be dismantled and be replaced by a
generic training, so this will have a flexible workforce,
so one day you will be in a biochemist lab, the next day
you will be in a haematology lab, then histopathology,
and then you can rotate into genetics. All the
professional groups have reported back that this does
not make sense. It only seems to make sense to the
Modernising Science Careers framework. The bit that
we do 100 per cent agree with is the post-registration
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partof the trainingwhichwill be tenure-tracked, itwill
be linked to the number of available consultant posts,
and will be fully funded right through the FRC Path
through the examination system of the Royal College
of Pathologists, fully accredited, et cetera. Thus we
have a real problem there. What is actually happening
of course is that emerging technologies have blurred
completely the distinction between the cytology, the
chromosome and DNA. The primary analate will
soon be DNA and it is eVectively already DNA, so if
we are going to do a genome-wide test, we will do it on
a DNA-based test, be it an array looking for copy
number change or an array looking for expression
profiling.Thishas reallyhappened so fast that Idonot
think we have got the structures in place in order to
accommodate this, but I think the professions have
really got to get together. The Clinical Molecular
Genetics Society and the ACC in collaboration with
the RCPath must get this sorted and soon. The other
important point I really want to make to this
Committee is that we have now regulated ourselves to
a stand-still. This is so important and it was brought
hometomewhenmyPhDstudentgraduatedthisyear.
She had done three years work in my laboratory on
array CGH applied to constitutional chromosome
abnormalities. She was highly skilled, she was trained
at the Sanger as well as in my laboratory, and she
decided to go to Italy and she has now got a job setting
up a diagnostic array laboratory in Italy. I could not
have oVered her a job in the UK except as a
technologist.

Q201 Chairman: Why?
Dr Crolla: Because in order to undergo the regulatory
training she would have to go back to supernumerary
grade A training, do four years, learn how to read
chromosomes, and then go into higher specialist
training, so she would enter into a training
programme which actually was going to not make her
fit for purpose.

Q202 Chairman: I see why you say “worryingly
similar”; there is no flexibility at all.
Dr Crolla: That is an important point.

Q203 Baroness O’Neill of Bengarve: I wanted to put
in a small and slightly provocative supplementary at
this point. How far should the NHS take
responsibility—and I think this is particularly a
question for Dr Rafi—for interpreting tests that
people have got over the Internet? Might it not be
better to say, “You got this; you paid for it; I am not
even going to advise you on whether your money was
well-spent. You come to me with a symptom or no
symptom.”
Dr Rafi: I think most GPs would want to try and
support their patients and if—

Q204 Chairman: They are not your patients at that
stage, they might be on your books.
Dr Rafi: They are still your patients and it is in the
same way that they come to you with the results of a
general health screening that they might have had
done privately. I think most general practitioners
would be happy to help but it is really having the
competency to be able to deal with the information
that you have got. In terms of competency, the RCGP
are providing a competency framework for
practitioners who want to specialise in genetics within
their PCTs and that has largely arisen out of the work
that the National Genetics Education Centre did with
theGPs with the specialist interest.Thewhole pointof
education is tobe competent tobeable todealwith the
questions that you have framed.
Professor O’Rahilly: When you mentioned the patient
it struck me that there was an anomaly there with the
fact that patients with cancer, for example, who go
“oV-piste” and buy drugs essentially are banned from
having continuing NHS care. It is a disgrace but
clearly we are treating therapeutics in the NHS rather
diVerent from diagnostics; in other words, you can go
out into the private sector and get diagnostics and
generate cost and income for theNHS. I agree that it is
an anomaly and we certainly do not treat the two the
same.
Dr Rafi: The likelihood is that a lot of these print-outs
are going to generate low relative risks for these
diseases and there are going to be one or two that are
going tobeparticularlyhighrisk,and it isbeingable to
identify those and being able to help the patient
through the NHS system if they need that help.
Professor Furness: Could I make a lateral link at that
point because part of the problem with direct-to-the-
consumer testing is that the consumer has no idea
what he or she is buying. If we had an established
system whereby all the tests that the NHS regards as
being clinically justified, and maybe a few that it does
not, are on a database where information about them
is available to general practitioners and to the public,
then you would have a resource first of all for the GPs
to answer those questions relatively
straightforwardly: “Here’s what the oYcial answer is
about that test.” You would have also have a resource
for members of the public to look up and decide
whether or not this is worth doing or not. That is even
without going down the route of legislation to control
what may or may not be oVered to the public, which I
think in somecircumstances there isquitea strongcase
for, but even without that if you provided the
information, if the information is there and accessible
you have removed a lot of the problem.

Q205 Lord Colwyn: I think in the States taking a test
included an interpretation of the test. They have got it
downout there toa$1,000a test nowbut thequalityof
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the interpretation varied dramatically between the
diVerent laboratories.
Professor Furness: And the commercial pressure to
avoid saying, “Here’s something we have picked up
but it does not make any diVerence.”

Q206 Baroness Perry of Southwark: I want to turn to
thequestionofcommissioningbut justbeforeIdothat
could I press Dr Crolla, the Joint Committee says in
their evidence that more genetic counsellors are
needed. Are people not coming forward in suYcient
numbers to do the training or is there not enough
training being provided?
Dr Crolla: I think for genetic counsellors it has been a
great success story, and certainly under the White
Paper initiative there were a number—I cannot
remember the exact number—of new genetic
counsellors thatwererecruitedandtrained,butI think
the demand for genetic counsellors is growing at the
rateof thenumberof tests andscenarioswhich require
interpretation of diagnostic tests, so I think that was
part of the submission. Yes, it has been a great success
but we need to expand that.

Q207 Baroness Perry of Southwark: We need to
expand the provision; people are coming forward
willing to be trained? That is my question.
Dr Crolla: Absolutely, yes.

Q208 Baroness Perry of Southwark: Turning to the
question of commissioning, the Joint Committee on
Medical Genetics say in their submission that
commissioning is not structured to react to the rapid
change that is happening and as a result the
introduction of genetic testing is patchy and
inconsistent across the country. Given that
commissionershavevery limitedunderstandingof the
details about genetic testing, does the existing policy
framework for example enshrined in the NHS
Genetics Team, need strengthening and if so how?
Dr Crolla: I think the take-home message here, as
Peter has alluded to, is that the UKGTN as currently
structured is very focused on dealing with disorders
with DNA as a primary analate and developing gene
dossiers which have the correct level of clinical utility
and interpretation built into them, so that is a
recommendation that then goes to GENCAG for
acceptance, and specialist commissioners sit on
GENCAG (I sit on GENCAG) and that mechanism
works very well. What does not work is that there is
then very patchy uptake by PCTs etc of the
recommendations of GENCAG for the uptake of
tests which have been approved by the UKGTN Gene
Dossier Committee. There are all sorts of diVerent
reasons for this. It is very low on the list of priorities of
Health Service managers; the PCTs are too low a level
for the commissioning of this service; there is not the

knowledge base there to really understand it; and real
health need is defined as the “ability to benefit”, which
in turn is a function of the prevalence and the
eVectiveness of interventions. These are complex
issues which cascade down to PCTs who are under
enormous pressure for a whole range of other
interventions. I think the recommendation from the
Joint Committee would be that this specialist
commissioning should go back to a national level so
that when agreed nationally there should be provision
for the rolling out of these tests. Again, I will stress I
am really talking about rare Mendelian disorders.
Also where the UKGTN needs to be strengthened is
that it needs to expand its gene dossier remit and it is
beginning to do that by taking on board cytogenetics
and looking at ways in which it could develop gene
dossier-type recommendations to commissioners for
the commissioning of new technologies like
comparative array CGH, both dosage and genomics.

Q209 Baroness Perry of Southwark: And you would
want that ring-fenced funding to remain national?
Dr Crolla: That would be the ideal because what is
happening now when it cascades to the PCTs is it is
verypatchyso it isapostcode lottery. I think itneeds to
be ring-fenced and national.
Professor O’Rahilly: Let me just give an example by
Jenny Taylor who has drafted the document that the
Academy will send you in response to these questions.
She was involved in Oxford in the development of a
service whereby people who died young and suddenly
of sudden cardiac death, of which there are a number
of genetic causes, wouldhave their post mortemDNA
analysed and family members would be screened and
then those individuals who carried the risk factors
were given implantable defibrillators, et cetera, to
prevent sudden cardiac death. That was accepted
pretty much everywhere in the UK apart from the
Oxford region and it could not be implemented there
becauseoffinancial pressureson thePCT, so there you
had an example of the very place that was developing
and leading internationally in theareaofdevelopment
was unable to find funding. There are numerous such
anomalies within the Health Service but that is a good
example of how patchy commissioning can lead to
strange anomalies.
Professor Furness: I think in terms of Health Service
commissioning it is important to recognise that what
we are talking about here at the moment is small
numbers, which makes the model of the National
Commissioning Group for Specialist Services an
appropriate one. But if, as we anticipate, this sort of
methodologyand approachbecomes relevant tomore
and more and more people, then it will rapidly move
out of the realm in which that group has been
accustomed to operating. It will not necessarily get
that much simpler for primary care trusts to
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understand, even if a lot of people within one PCT
might justify participating in a particular
investigation. The issues will still be very complex and
unfamiliar and the number of questions that are being
asked will become very large, so there really is a
conflict here with the policy of local decision-making
in the Government, because it will inevitably drive
postcode diagnostics.

Q210 Earl of Northesk: At the risk of stating the
obvious, genomic data makes huge demands on
information technology and it is acknowledged that
existing IT systems, not least with respect to band
width, the speed of transfer and expertise, are likely to
be insuYcient for future needs. In your view, where is
the investment needed and where should the balance
be struck between investment in IT in reference labs,
secondary care and primary care? Who is best placed
to develop and establish the increased infrastructure
and expertise?
Professor Furness: Could I suggest an answer from the
specialist labs and from general practice.
Dr Crolla: I have had some inter-activity with
Connecting for Health when we were first establishing
array CGH in our reference laboratory. The problem
was that through the NHS N3, the band width out to
the Internet was 250 kb/sec speed width for the whole
of the NHS, for all 1.2 million users. I am not sure it
was anything to do with the pressure that we put on
but they were in negotiation with BT to increase that
band width to one megabit per second, which it
currently is as I understand. It urgently needs
upgradingtomuchfaster,10or20,oras theFrenchare
now installing in Paris 100 megabits per second as a
standard broadband band width. That is one point.
The second point is that in terms of data storage and
data analysis there is a real training issue as well where
clinical scientists are beginning to wake up to the real
bioinformatic resources that are required in order to
do interpretation, be it genome-wide association
studies, sequence analysis or array analysis. I am not
sure that I would be able to give the Committee a
particular steer on where the resources need to be put
but where we are finding, and I find other colleagues
are finding it particularly frustrating is that we
constantly are battling with our local trust IT
departments who work under very strict clinical
governance rules, appropriately, and also they have
huge political drivers like Choose and Book and the
implementation of PIMS and other initiatives, and so
our requirements are relatively small-scale. I do not
think that this technology infrastructure
improvement should only be in the reference
laboratories. I think it should be in all laboratories
which are accessing genomic information. I think the
final point I would like to make is that we have in the
UK at the Sanger Centre one of the leading genome

campuses in the world, and within the Sanger Centre
there is the Ensembl Genome Browser with all the
bioinformatic resources, and they have a suite of
servers there which is the size literally of an aircraft
hanger, and they have bioinformaticians who I think
would be approachable and who should really be
collaborating with NHS Connecting for Health.
There are other initiatives that are on-going where
genetics laboratories are currently developing new
laboratory information management systems on a
consortiumbasis, againhighlighting therather clunky
natureof trust IT systemsagainstwhatweneed,which
is fast, unrestricted access to the Internet and genome
analysis.

Q211 Lord Winston: I am surprised you mention the
band width and do not mention security. Is not
security rather more important?
Dr Crolla: The conflict is security and so clearly we
havetoconformtoall theacceptableuseof ITpolicies,
but there has got to be a way of having parallel access
which does not impinge on or aVect security. Clearly if
you are going to be sending large data sets across the
Internet it has to be anonymised before you can do
that, but what I am talking about here is not
transferring data but access to bioinformatic tools,
and the current structure is really tooclunky todo that
in an eVective way. I do not think it has any issues in
terms of patient confidentiality. We would not want to
in any way impinge or breach acceptable use policies
under the NHS clinical governance.

Q212 Chairman: Do you get the feeling that the
current IT development in the NHS as it progresses is
going to be adequate for genomics information?
Professor Furness: I think if you asked that question
omitting the words “for genomics information” you
would probably still get a no; it will not be adequate.
Professor O’Rahilly: I would be pleased if it could get
me an Electronic Patient Record in the next 10 years!
It will have to be bespoke developments, as Peter and
John say, because the nature of the questions that you
are asking with information is totally diVerent. You
need detailed bioinformatic information about the
likely eVect, for example, ofaparticularmutationona
protein. You need to be able to assess whether
something is likely to be disease-causing or not. There
is a whole range of information that is needed that is
diVerent from what we usually think of regarding a
simple transfer of patient records or simple numbers
with a normal range. This information is very dense
and deep and I think there will need to be bespoke and
focused investment, particularly on bioinformatics
within the NHS, if we are going to take genetics to the
next level. I think that has to be not just the regional
labs but the specialist labs too.
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Dr Rafi: In terms of primary care, generally IT within
primary care has been pretty good and probably in
some places a lot better than secondary care. There
are certain needs, though, that I think we are going to
need for the future including how we record family
histories and pedigrees. There are no such systems up
and running at the moment within primary care,
although there are people looking at computer-aided
packages that can give family pedigree information
and also risk assessments. That is one thing that I
think would be useful. The way that we record data
in primary care, particularly applicable to genetics, is
going to be important and as we get new
classifications of diseases, disease coding is going to
be particularly important. I asked Simon de
Lusignan who is Director of Bioinformatics at St
George’s about this. He is a GP with a real expertise
in bioinformatics, and his feeling was that what we
need is a informatician in primary care who can deal
with psuedo-anonymised databases where you look
at the coding that goes into these databases, which
may change over to time. So trying to look at
archived data from the past may be diYcult in the
future when your queries change, when your coding
systems change. I think this is really important. The
other aspect of care is obviously surveillance, and
with people for example an increased risk of
colorectal cancer or breast cancer based on their
family history, who need to have regular surveillance
over time, we need to have good methods in primary
care to be able to ensure that these people get the
relevant procedure that they need at the time, and so
we need good registers in primary care to be able to
deal with that situation.

Q213 Earl of Northesk: Back to your observation,
Dr Crolla, that the existing NHS IT systems are
clunky. This may be a little provocative but it does
provoke the thought to what extent therefore are
existing NHS IT systems a potential barrier to active
transfer of genomic data?
Dr Crolla: I used the word clunky—it is a relative
term—and obviously people who are accessing the
data warehouse for PIMS applications would find the
download speeds perfectly acceptable. Where
colleagues are trying to download gigabytes of
sequence information in order to blast sequences,
that is a very diVerent scenario, and that is where it is
clunky, it is too slow. What often happens is that
colleagues will go home and use their own broadband
connectivity and do the work and then email it back
to work, which is an unacceptable situation. There
are ways around it, and Lord Winston highlighted the
security issues, and you can have parallel broadband
access within hospitals providing it is within the
acceptable use provisions but which does not impinge
on the security issues for patient confidentiality.

Where I think the parallel should be drawn is between
what is available within university IT systems
compared to the NHS. I wear two hats, I have a
university position and an NHS position, and
because of our physical separation from the
university I cannot have access to the library
resources in the university via the NHS. The systems
do not talk so I cannot instantly access data or on-
line journals and things like that on my desktop when
I need to see them, so there is a delay. Really if we are
going to develop and utilise these resources we need
to have those resources available at the desktop
through the NHS IT system.

Q214 Earl of Northesk: So another part of your
wish-list is a much more federated IT architecture?
Dr Crolla: Yes.
Professor O’Rahilly: The problem is not unique to
separate sites. Even on one site at Addenbrooke’s in
Cambridge our NHS colleagues cannot access
journals, et cetera, through their IT system, so it is
not just a physical separation, it happens in most
institutions even when the university and the hospital
are in the same place.

Q215 Chairman: But have we not had a recent
directive about information about individuals and
how it can be taken out and there are strict rules now
that have to be applied? If you are familiar with that
is that not going to make diYcult what you suggest
where people are taking information away from the
NHS environment so that they can work on it?
Dr Crolla: That is a very good point, Lord Chairman,
yes, indeed. Again, this would be accessing pseudo-
anonymised data or genomic data which is not
personalised, so that was the example I was giving.
There are initiatives to encrypt all NHS computers
which I think will make life impossible.

Q216 Chairman: That is the direction given just
now?
Dr Crolla: Yes and our local trust is looking at ways
of implementing this encryption, but most of what we
are doing is in international collaboration and so we
do need to have access and be able to share
anonymised data across international boundaries. If
it goes outside the NHS it is gobbledegook unless
they have the encryption software. It is a big problem.

Q217 Chairman: Including your Blackberry emails?
Dr Crolla: Yes, especially your Blackberry emails!

Q218 Baroness O’Neill of Bengarve: In the last
section of the Royal College of Pathologists’ report
you suggest a new policy framework and in particular
the establishment of a new UK-wide body, or the
reorganisation of one of the existing bodies to
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provide a single comprehensive function of horizon
scanning and for taking and evaluating new
laboratory investigations. I have several questions
about that proposal of which the sharpest is: which
bodies would you abolish? There is a constant
tendency to recommend multiplication of bodies and
then to complain that there are overlaps and gaps and
things that are diYcult to deal with. If you were being
really quite surgical about this, what would you
abolish? Could, for example, the UK Genetic Testing
Network be enough or what else would you do? This
body has got to do a number of diVerent things but
just adding a body does not strike me as perhaps the
whole or best remedy.
Professor Furness: Those are my words so if I could at
least start the answer to that one. This is a new task
which could be taken as a justification for a new body.
I have listed the various bodies that do something
similar on a small selective scale. Obviously one
would not abolish the whole of NICE but that is an
organisation that could potentially be reformed and
expanded to cover this function if it was able to alter
its working practices radically in this field. At the
moment I gather it has a charter which means that it
could not do that. I do not know enough about the
other bodies to say whether they could actually be
abolished or not, but I suggest that their role in
evaluating diagnostic investigations could be
abolished. The trouble is they all have other roles as
well, so one could readily extract those roles from
those various bodies and thereby reduce them a little
in size and either expand one of them to cover what
is necessary or set up another body. I would not wish
to prejudge which would necessarily be the best way
of doing that as long as there is an organisation that
can speak with a single authoritative voice on all
these topics.
Baroness O’Neill of Bengarve: Thank you very much.
Chairman: Does anybody else have any comments
about that? Lord Colwyn?

Q219 Lord Colwyn: At our Genomic Seminar, which
I know you came to and I am not sure if any of the
others came as well, it was suggested in evidence from
the Academy of Medical Sciences that in future
pathology services might be reorganised with a
molecular pathology lab acting as the hub of
molecular tests in clinical genetics, cytology,
haematology and pathology. What is your view on
the benefits of organising pathology services in this
way? What do you think the costs might be and the
desired timescale?
Professor Furness: That was an Academy point and
could I answer it, please, because it has been
discussed a good deal within the Royal College of
Pathologists, and indeed it is a topic that arises from
Lord Carter’s work on the provision of pathology

services. There are aspects of providing molecular
biology systems that are very expensive and
nowadays rely on very large expensive machines
where you only have look at the economics and it is
absolutely obvious that it is more eYciently done
with a small number of those machines analysing
samples from all over the country, if that is the sort
of thing that you are talking about. However, on the
other hand, the people who actually interact with
patients who need to decide what investigations are
needed for individual patients and to help interpret
those tests for the benefit of individual patients have
to be where the patients are. To that extent you are
potentially talking about a hub and spoke
arrangement to make it most eYcient. How many
hubs you have around the country is a diYcult
question and will probably depend on the tests that
you are talking about. If it is an investigation that
needs some massive high throughput machine and
the country really only needs one, then you are
talking about one hub for that investigation; for
others you will more eYciently have lots of hubs with
spokes. I think the idea of the diVerent specialities of
pathology collaborating to have one hub almost per
hospital to cover microbiology, clinical chemistry,
histopathology—the existing specialties—is one
which is being discussed repeatedly and is of value in
terms of generating local hubs to make things more
eYcient. The barrier to that is, first of all, the need for
capital investment to do it and, secondly, the current
structure of NHS funding. We have “silo” funding
where this amount of money goes to this service to
keep doing what it has been doing year in, year out,
irrespective largely of new demands and new
developments, and it is very diYcult to get agreement
to change that pattern. The expense of that sort of
reorganisation would be there, I personally suspect it
would not be enormous and I think the savings could
be greater than the expense if it is done logically; but
we have this hump, this barrier of organisational
inertia to get over to make it happen. I am very keen
to see that sort of development happening but it is the
politics that get in the way at the moment, I think.
John, you have had particular discussions within the
UK Genetic Testing Network.
Dr Crolla: We have not actually discussed this specific
issue within the Joint Committee but when I saw the
question I canvassed the opinion of the Joint
Committee on this. My personal view was “if it ain’t
bust don’t fix it” in the sense that regional genetics
laboratories and collaborations with clinical
geneticists have really served the population pretty
well since the inception of the regional genetics
system, but most of my colleagues responded by
saying, “Hang on, there is a critical mass issue here,”
and that really as the technologies are evolving—high
throughput sequencing, various new generation
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sequencing technologies, the arrays—as Peter was
saying, the capital investment is so large and the
capacity of that equipment is also very large, it really
does make sense to centralise some of these testing
scenarios. What we must not lose is this link between
the interpretation and the clinical use of the data that
is generated by these hub and spoke models, but I
totally agree, as did most of the respondents from the
Joint Committee, that we cannot be ostriches and
stick our heads in the sand and say things will remain
the same because the technology will drive change.
Professor Furness: It has training implications as well
of course. If you are splitting the doing of the tests
from the interpreting of the tests, how you train the
people and how you make the jobs attractive could be
diYcult, but I think those are issues we will have to
address.

Q220 Lord Colwyn: Are some of the simpler tests
computerised now? Do you actually need a
pathologist to do the test? I am thinking of
haematology for instance where there are a series of
specific tests with results expected within specific
parameters.
Professor Furness: You can get do-it-yourself at-home
testing kits but the quality thereof is debatable, and I
for one would rather have someone who actually
understands what is going on inside that test to at
least oversee what is going on and then come on to
the interpretation. Even if doing the test is frightfully
easy, which I suppose may increasingly be the case in
some tests, the interpretation is often very
complicated. At one extreme is the good old
pregnancy test where you are either positive or
negative (hopefully); but most of the tests we are
talking about have very complex interpretation
problems.
Professor O’Rahilly: I just wanted to confirm and
support that. The pathological disciplines contain an
analytical component which is obviously critical and
the quality of that is critical. But also grossly
underestimated, I think. When it comes to certain
economic evaluations of pathology, is the quality of
the interpretative service that is provided to primary
care and other colleagues in secondary care where the
deep experience within those departments and the
knowledge of what to do with the test is really a
crucial part of the functions of those departments.
You are right, it is relatively trivial to do clinical
biochemistry, you just get the reagents from a
company, stick them in a machine, and the machine
gives you a result, but it is the knowledge base within
that department of what they mean under certain
circumstances, what the interfering substances might
be and how to interpret an odd rogue result. All of
that requires extensive training and experience, et
cetera, so you need to make sure that that is

maintained. The idea of a lab factory that could be
somewhere oV-site and just generating results back is
a slightly worrying one.

Q221 Chairman: Is it not a fact that genomic
medicine as it advances will get more embedded into
clinical practice and, if you believe that is going to
happen, is this not an opportunity to look at the
whole of pathological services and on the one hand to
do what you said in terms of diagnostics and
genomics to have a more centralised approach (and
we can debate whether interpretation needs to be
local and it cannot be centralised) and at the same
time look at the way the current services are delivered
in pathology and biochemistry and microbiology and
unify them and stop this decentralisation and thereby
every trust will then want every laboratory including
genomics?
Professor Furness: From a professional viewpoint that
is going to be part of my job for the next three years.
We have already seen cytogenetics and molecular
genetics coming together in a discipline that is almost
indistinguishable. At the moment there is an
enormous gulf between histopathologists (which is
how I was trained) who look at shapes down
microscopes, and molecular biologists who look at
shapes of DNA. I think is the two are going to merge
and we will see that happening. The speed at which it
should happen is diYcult to foresee. Making it
happen on the ground clearly has political and inter-
professional problems that we must seek to
overcome. I think starting now and say, “Right, let’s
re-organise everything,” would be inappropriate. An
incremental approach would be needed to go in
exactly the direction that you suggest.

Q222 Chairman: But if there was some central push
to that happening, that would help?
Professor Furness: The development of central
facilities will force people from diVerent disciplines to
work together more and I think will facilitate that
trend.

Q223 Chairman: If there was a central push from the
government side or the Department of Health side,
would that not help?
Professor Furness: I do not think we currently have a
major problem that requires a government push in
terms of the professions re-organising themselves. I
think that may become more of a problem in the
future. I would not really like to see that happen at
the moment. I think changed patterns of working are
currently being driven by the Carter process and Lord
Carter’s report—at least I hope. I would be cautious
about recommending such a central initiative at
present but maybe we should keep talking about that.
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Q224 Chairman: What about when it comes to RNA
and DNA-based diagnostic tests?
Professor Furness: Diagnostic tests based on RNA
and DNA is this vast spectrum which we have been
talking about and in cancer diagnostics,
histopathologists and molecular biologists will be
working together.

Q225 Chairman: But you also mentioned that some
of these will require expensive equipment. Is there a
need to have a push from the Department of Health
for that to happen or is there not?
Professor Furness: The organisation and funding of
the laboratories and equipment is a problem where I
think a central push would be a good idea, yes. If the
organisations to that extent are remodelled logically
on the basis of need I hope that the professions will
gladly follow and adapt. We have done quite well so
far I think.

Q226 Lord Winston: You have partly answered my
last question. My experience may be a bit out of date
but certainly with cytogenetics there have been
sometimes horrendous delays in getting results in
from centralised services. Is that just under-
resourcing at the moment? My impression is that it is
pretty patchy across the country.
Dr Crolla: You are absolutely right, Lord Winston,
part of it is under-resourcing; part of it has been a
reluctance to change practice, so that quicker tests
would have been available had certain practices been
changed earlier. I think you are alluding really to
prenatal diagnosis results primarily and for
karyotypes results from chorionic villus and amniotic
fluid. Part of that has now been superseded by
molecular testing for aneuploidies and sex
chromosome abnormalities, but I think you are
absolutely right, you put your finger on one of the
diYculties, which is how to radically shake up what
is actually quite a conservative profession. I think
there are going to be two drivers. Firstly, the White
Paper capital investment (and I think this is a slightly
later question but if I could use an example now)
investment for equipment, which is driving the
introduction of novel technologies, is really coming
to an end and it was a one-oV payment, and it may be
the opportunity to look at reconfiguring and re-
financing the next generation of very expensive
technology for central testing. That is just one idea. I
do not know the answer to the way in which you drive
professions to do things in a quicker way except for
example in America you would go out of business if
your test result took 14 days and the lab in the next
state’s took eight days. You would go out of business
and those pressures do not happen here.

Q227 Lord Winston: I am all for my Lord
Chairman’s suggestion that this should be centralised
but once you are centralised of course you are
divorced from the clinical need to some degree and
that perhaps represents a problem?
Dr Crolla: Yes, had there been universal uptake of
molecular testing for the aneuploidies clearly that
would have been a testing scenario had
commissioners driven that forward. It has only
happened in Yorkshire and London but had that
gone right across the commissioning spectrum then
clearly it would have been a complete nonsense to set
up QFPCR and FISH right across all the
laboratories. That would have been a driver for
centralising those tests. The diYculty, as you
absolutely point out, is that you are then divorced
from the obstetrician who is getting the test. I think
Peter has alluded to that and how important if we do
centralise technology because it is an economic driver
and we do need to maintain that interpretative link
between the anelate and the patient at the other end.

Q228 Lord Winston: Dr Crolla has largely answered
my last question but can I ask a supplementary. It is
this question of the Genetic White Paper and the
funding and then the Royal Colleges’ funding which
we need to keep up-to-date. I wondered where you
felt the investment was really needed. I presume if we
are going to be screening then it is going to be with
robotics and I imagine it is going to be with more
automation particularly with cytogenetics. Do you
want to comment on that and how far short are we of
those sorts of targets and are there plans for getting
that sort of funding in place?
Dr Crolla: On the first part of your question in terms
of cytogenetics specifically and rolling out array
technologies, I think the White Paper investment did
a pretty comprehensive job of putting that in place.
We are right at the beginning of the roll-out phase of
that technology, and so I think where the investment
needs to go is really in the restructuring of the
workforce and the retraining of the workforce
because people will no longer be looking down
microscopes primarily. We must not get rid of that
skill, we must hold on to that skill, but they will not
be looking down microscopes, they will be sitting in
front of PCs doing bioinformatic interpretation and
generating other tests as a result of the results that
they are getting. That is where I think the investment
very much needs to go at this particular point in time.
If you do some blue-skies thinking in looking at high
through-put, high volume, fast sequencing, I am not
really the right person to ask, but I could ask
appropriate people to submit written evidence to
your Lordships if you felt that would be particularly
helpful. We do have experts in my laboratory whose
remit is looking at next generation sequencing and
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11 June 2008 Professor Peter Furness, Dr John Crolla, Dr Imran Rafi
and Professor Stephen O’Rahilly

how it will impact on the delivery of genetic services.
I could provide that.
Lord Winston: I think that would be very helpful.

Q229 Chairman: If you have any further
information that will help to amplify and answer the
questions please feel free all of you to do so.
Professor Furness: It might be helpful to chip in a
specific example on this point of funding for large
equipment. It was anticipated that when the White
Paper introduced new developments and new
equipment that commissioners would have
arrangements to replace that equipment in due
course. My understanding is that in some areas a
lifetime of five years has been agreed in the budgets
over which such equipment will be written oV, and
that is probably too long, but there are certainly other
areas where commissioners have made no provision
whatsoever for writing oV and replacing the
equipment, so we are getting diVerences of funding in
diVerent parts of the country which I think is
regrettable.

Q230 Chairman: Thank you very much. We have
appreciated it very much you coming and giving us
evidence. It has been a most interesting and
informative session. If you have any further
submissions you would like to send, please do so.
Finally, whilst it came out in your evidence session
the areas where you might like to see the Committee
focus or even make recommendations, feel free if you
want to tell us about two or three recommendations
that you would like to see. It does not mean that we
will make promises that it will be there but at least we
will listen. Do you have any comments to make about
that? What recommendations would you like to see?
Dr Crolla: Put on the spot!

Q231 Lord Winston: The Chairman is asking you to
do our work for him.
Dr Crolla: I think to address the funding gap as I
identified in NIHR; to perhaps look in some depth at
the provision of training for clinical scientists within
the context of what is actually happening under the
Professor Hill initiative, Modernising Scientific
Careers. I think we are at a critical point and if we do

not get it right now we are going to be regretting it for
some time.

Q232 Chairman: I hope you will do a better job than
my profession in making sure that it does get it right.
Dr Crolla: We will certainly try. Those would be my
two principal recommendations.
Professor Furness: As you probably guess, my
principal wish would be for an authoritative national
system for the evaluation of new developments and
to also provide recommendations on how they will be
implemented.

Q233 Chairman: Professor O’Rahilly, did you want
to say something?
Professor O’Rahilly: I suppose taking a more high
level, almost philosophical emphasis, I think what
genomic medicine is revealing to us is that human
disease is not as simple as we would like to think and
that an approach towards medicine which involves
ticking boxes and following algorithms in a rather
thoughtless way is likely to lead to poor patient care,
and that doctors need to be very sophisticated
biologists who need to be trained appropriately. Any
push towards the more rapid training of less-trained
doctors is likely to have adverse consequences in the
future. I think that this is one area of medicine and
one area of current discovery which is really exposing
the great need for the biologically sophisticated
doctor of the future.

Q234 Chairman: Thank you. Dr Rafi?
Dr Rafi: Two points really. One is education and
training, picking up on the last theme. It is really
important to provide money for educational input
into primary care. The role of the National Genetics
Education Centre has been excellent but it would be
nice to see spin-oVs from there in each region so that
you have local genetics education centres that can
help train the workforce or educate the workforce in
primary care. The other is to have a local resource
available within primary care trusts, and there are
various models for this—GPs with a specialist
interest, perhaps community geneticists or perhaps
genetic nurse counsellors—an identifiable resource
that is available both for practitioners but also for the
primary care trusts as well.
Chairman: Thank you very much indeed all of you;
we appreciate it greatly.
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WEDNESDAY 25 JUNE 2008

Present Broers, L Patel, L (Chairman)
Colwyn, L Perry of Southwark, B
Krebs, L Taverne, L
O’Neill of Bengarve, B

Memorandum by the British Society for Human Genetics

The British Society for Human Genetics (BSHG) represents health professionals working in specialised genetic
services in the NHS and scientists and health professionals in medical research. (www.bshg.org.uk).

Summary

— The Genetics White Paper helped modernise and network specialised genetic services but a new and
resourced plan is needed if Genomic Medicine is to be successfully exploited in the NHS.

— On the ground patients and practitioners find weaknesses in the translation from research to the
clinic not addressed by the National Institute for Health Research programme.

— Next generation genomic technologies will require assessment and the NHS Genetics Network,
Medical Specialties and Pathology need to work more closely to find the optimum service
configuration, meet the challenges of managing change and exploit the new technologies.

— Factory-style technology solutions must not damage the link between the clinic and research.

— The Human Genetics Commission provides eVective oversight of legal and regulatory issues but the
government must not lose focus on public engagement particularly as genomic health and data
security issues begin to overlap. The public must feel it has a route to policy making.

— EVective use of genomics in mainstream medicine will require education and information resources
available to all levels of the NHS. Links between mainstream medical disciplines and existing
specialised genetics must be resourced and must not damage or de-focus specialised genetics as it
exists.

— Genomic Medicine for inherited and non inherited conditions will increasingly focus on treatment
following accurate diagnosis.

— The NHS should be cautious about the implementation of genetic risk factor tests for common
diseases in a population context although these tests will be available though commercial providers.
Transparent information would help safeguard the public.

— Development of Genomic Medicine is as much an informatic as a technical challenge. Success will
depend on international collaboration. Informatic tools need to be stabilised for use in healthcare.
Integrating genomic data into the electronic health record will depend upon developing standards.
Above all the issue of maintaining public confidence in the security of personal information must be
addressed.

Policy Framework

The most recent statement of Government policy in Genomic Medicine was the 2003 White Paper Our
Inheritance our Future. Its implementation strengthened the framework for specialist genetic services around
the new UK Genetic Testing Network and modernised laboratory services with a round of capital funding.
However the short half life of genomic technologies means that the services will be faced with a need to re-
capitalise in the next three to five years and the Government should consider recurrent mechanisms to ensure
that the NHS maintains cost eVective access to appropriate technology platforms.
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The Government’s advisory mechanisms to anticipate developments and address regulation were rationalised
under the Human Genetics Commission which remains an authoritative and respected group. From a
European and trans-Atlantic perspective the UK is seen as having an organised, rational and eVective
approach to Genomic Medicine policy and service delivery. The UK has built on this experience leading some
key international policy initiatives; helping to set a framework of standards for molecular genetic testing
through the Organisation for Economic Co-operation and Development and establishing translational
research networks through European Union funded partnerships.

However the BSHG is concerned about weaknesses in the chain leading to translation into clinical practice.
Despite successes through the UK Genetic Testing Network the widespread experience of the Clinical Genetics
community is that translation of genetic research into medical practice is slowed and access to services is
geographically inequitable because of this funding gap. It is telling that many patient groups are driven to fund
translation to the point where a business case for a stable NHS service can be put to NHS Commissioners.
There are many examples include translating into practice new diagnostic tests for Cystic Fibrosis, familial
breast cancer, genetic eye conditions and cardiac conditions. Unfortunately the strong impression of the
Genetic Medicine community is that at this early stage the National Institute for Health Research does not
interpret its remit as extending to support for the evaluation of research-based diagnostic tests in NHS service
laboratories leading to their implementation in the clinic.

Recommendation 1. The BSHG recommends that NIHR supports a programme to evaluate and implement
individual genetic diagnostic tests within the NHS and that the Government plans for the resource needs of
Genomic Medicine in the NHS.

Next generation genomic technologies (micro arrays and parallel sequencing) will require a full Health
Technology and economic assessment. This study should pool the valid requirements of the genetics network
and mainstream medicine working with pathology. It should factor the rising numbers of clinically useful tests
against falling unit costs. It will recognise that the implementation of new technology will incur an increased
global cost for genomic diagnostics calculating the health benefits to patients and savings in diagnosis and
treatment across the NHS.

In addition changes to the physical and organisational infrastructure and personnel requirements for
information handling, transfer and storage must be considered including the need to re-skill scientists and
doctors to interpret genotype data. Next Generation technologies lend themselves to high throughput, high
volume settings. The optimum service configuration for these technical genotyping platforms as they become
applicable will need a careful study and change management. Above all the dynamic link between research
in regional academic and clinical centres and access to genomic technologies must not be lost in service re-
configuration.

Recommendation 2: The BSHG recommends that structural links between Pathology Modernisation and
Genetics should be established to facilitate the optimum service configuration for genomic diagnostics. When
appropriate the NHS should commission a Health Technology Assessment of Next Generation Genomic
technologies. The needs of the whole health service should be considered in this study.

Social Ethical and Legal Considerations

Science and clinical policy decision making is embedded in ethical practice under the oversight of the Human
Genetics Commission. The UK has a strong framework for training and education and the governance of
clinical practice. This has been developed through professional bodies under the umbrella of the British
Society for Human Genetics representing Doctors Counsellors and Scientists. In addition guidance is
available through focussed eVorts (the Genethics club) and specialist research (the Genetic Knowledge Parks,
Ethox centre and the Economic and Social Sciences Research Council genomics network).

Genomic medicine oVers the promise of better diagnosis, treatment and care, yet it also challenges the very
nature of the relationship between the clinical community and the public. We believe that it is the duty of the
genetics community to help empower citizens to make personal health management decisions.

In 2003, in the Genetics White Paper, the Government recognised the power of genetics in a post-genome NHS
along with the possibility of its rejection by the public, through lack of trust or understanding.

“Realising the full benefits of human genetics will require public acceptance and public confidence…The
Government is committed to ensuring openness and transparency in genetic policy making. We want to engage
in a genuine dialogue on genetics issues. We recognise that developments in genetics will present new ethical
and social challenges. We need to be alert to the potential adverse consequences and prepared to take action
where necessary.”1

1 Our Inheritance Our future—Realising the potential of genetics in the NHS; June 2003
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In order to fulfil this aspiration, Government should uphold these sentiments, by developing the infrastructure
and funding a national programme of rigorous public engagement that will bring about informed input into
health and healthcare policy decisions surrounding genetic and genomic medicine. To achieve a mature public
dialogue, we would expect such a programme to contain the following:

— EVective knowledge and information dissemination about genetic and genomic medicine.

— Use of imaginative and novel modes of engagement.

— Understanding what the public thinks and why they think in this way.

— Informing decision and policy-making through the use of extensive valid and reliable public and
patient consultation.

— Aiming towards public and patient representation at committee level.

The House of Commons Health Select Committee report on Patient and Public Involvement in the NHS2

highlighted the problems of conflating involvement of patients with that of the public, and criticised the
Government and the NHS for not making changes in the light of public views. These concerns echo work in
the realm of “personalised” medicine that has shown there is scepticism and mistrust in some quarters of the
general public. Such attitudes require further exploration to reveal the likely response to “personalised”
medicine delivered routinely in the NHS.

In view of the above the BSHG regrets the Government decision to prematurely end support for the Genetic
Knowledge Parks as short-sighted and damaging to the eVort to address public concern over the
implementation of genomic medicine.

Recommendation 3. The BSHG recommends that the Government facilitate an adequately resourced
programme of engagement between health professionals, policy makers and the public.

Developing Genetics in Mainstream Medicine

Over the last five years the theme of developing genetics in mainstream medicine has developed rapidly and
requires a policy response addressing health service configuration commissioning and education of health
professionals.

In our view, the scale of development of genetics within many areas of mainstream medicine will be such that
the current paradigm of “joint management” between genetics and the specialist department will become
untenable. This means that people with “genetic disease” will largely be looked after in the relevant specialty
(cardiology, lipidology, ophthalmology etc) by those with special education and training in genetics and with
access to expert genetic referral to deal with more complex issues (such as diagnosis of rare syndromes,
interpretation of complicated test results and counselling about prenatal testing).

If mainstream specialist services are to increase their input to the management of genetic disorders, there must
be a significant improvement in expertise within each medical specialty. Consideration should therefore be
given to the development of the following:

— Inclusion of genetics aspects in all areas of specialty training (eg medical, nursing and other
associated specialties such as dietetics).

— Establishment of sub-specialty training programmes.

— Access to specialist genetics departments for mentoring and continuing education of genetic and
nurse counselors working within medical specialties.

— Access to specialist genetics departments and ethical groups (eg Ethox) for discussion and education
around ethical dilemmas and other aspects of genetic counselling.

Recommendation 4. The BSHG recommends that the current eVorts to embed genetics in specialist medical
education be continued and that access by medical specialties to the Clinical Genetics network be adequately
resourced.
2 Patient and Public Involvement in the NHS: Third Report of Session 2006–07. House of Commons Health Committee (March 2007).

www.publications.parliament.uk/pa/cm/cmhealth.htm
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Research and Scientific Development

A major challenge of 21st century genetics is to understand how the mutations and polymorphic variants that
cause/predispose to disease act functionally. This information will inform rational therapeutics for many
monogenic and complex diseases. This objective was not the focus of the White Paper (except for gene therapy,
which may have very limited utility). We need to move the field on from diagnostics, counseling and risk
assessment towards treatments.

This will require focused investment in cell biology, biochemistry etc, in animal modeling and in development
of therapeutic targets/strategies. Genetics will then need to learn how to interface with treatment specialties
requiring new types of multidisciplinary clinics and diVerent counselling approaches.

Approaching 2,000 genes have been associated with single gene disorders many of them very rare. Patients
with these conditions represent a significant aggregate health burden especially as they include the mendelian
subset of common cancers and cardiovascular disease. Their care represents the major part of the workload
of Regional Genetic Centres. New technologies, for example micro array comparative genomic hybridisation,
will rapidly uncover genes for rare disorders and help explain and accurately diagnose significant numbers of
patients referred to neonatal and paediatric services including unexplained birth defects and learning diYculty.

Whole Genome Association studies are uncovering variants in genes for common disease which will first lead
to a better understanding of the biology of disease mechanisms, then aggregate into predictive tests and later
still lead to better treatment.

The BSHG considers that in the NHS the utility of predictive tests should first be evaluated in specific patient
groups defined for example by a sign, symptom or family history. These tests should not be considered from
the outset as population based screens.

This is because of the complexity of evaluating their utility in a population context. An evaluation would
measure the individual and public health benefits realised through people at higher genetic risk changing their
life-style. It would need to balance these gains against the potential harms amongst those given a low genetic
risk result considering this a “licence” for high risk behaviour.

However curiosity will lead people to order a genetic test through a commercial provider possibly through the
internet and based overseas. Unless specific harms are demonstrated this sector should not be over regulated.
However the government should inform the public of existing international guidelines for example those
adopted by the OECD. The guidelines recommend that genetic testing is oVered in a medical context and that
counselling should be available and be proportionate to the level of genetic risk that may be revealed by the
test. Importantly governments are asked to ensure that providers should be transparent about the
characteristics and limitations of the test oVered. The Foundation for Genomics and Population Health
(PHGF) and the Royal College of Pathologists have recently recommended that test evaluation information
be made publicly accessible. If adopted failure to provide data by a commercial or public sector provider would
be apparent.

Recommendation 5: The BSHG strongly supports the recommendation of the Foundation for Genomics and
Population Health and the Royal College of Pathologists for an expanded mechanism to evaluate the validity
and utility of laboratory tests and to make this data public. NHS Commissioners should consider these
evaluations before funding genetic tests including new predictive genomic risk factor tests.

Data Use and Interpretation

At present genomic data are not presented usefully in that they are not coordinated in terms of entering,
storing, integrating and searching for data. European projects led from the UK such as Gen2Phen will develop
tools, resources and standards to help address these issues. In our view a common public database is not the
answer as the design, scope and abilities of existing databases are so varied and there are already many
initiatives to collect and publish data. Genomic databases are often international. As rare phenotypes and
genotypic combinations are recognised and common disease phenotypes are stratified through genotype to a
finer level of detail it will be essential, if we are to realise benefits for patients, that the UK participates and
benefits from international collaborations.

One diYculty for health services is the sustainability of informatic resources. Funding methods include grants,
sponsorship and subscription. However the remote nature of many internet-based resources means that the
user is completely reliant on the supplier maintaining the service. There are examples where service failure due
to a break in the funding continuity to an informatic resource provider has caused problems. In the near future
this could be potentially catastrophic for healthcare users who have little or no fall-back position. Informatic
tools are increasingly integrated into NHS care pathways. The government must consider how the NHS can
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contribute funds, data and expertise, and how it might have an input to the provision and management quality
and standardisation of key resources to ensure that they remain available, current and suitable for use as tools
in healthcare.

Recommendation 6. The BSHG recommends that the Government should plan for the integration of genomic
data into the electronic health record. Planning should include the transitional phase during which partial
genomic data is collected up to and including the point where a complete genome sequence on each individual
is an economic possibility. It is essential that the sustainability and quality of informatic tools for interpreting
genomic data is addressed. Critically the government should address public confidence through public
engagement with the issue of genomic information in electronic health records.

The Utility of Genomic Information in a Healthcare Setting

The issue with non genotypic medical information is with the coding and classification of phenotype data. The
principle aim of projects including Gen2Phen is to combine genotype and phenotype data. Underlying this are
issues of coding and classification, and definitions of phenotype, which at present are not standardised. As the
NHS National Programme for Information Technology has developed Genetics has considered some of these
issues and found that clinical centres all use their own classification of diseases. Mandated coding standards
like Snomed-CT and HL7 require, and are in the process of, extensive development in order to be applicable.
Elsewhere the Rare Disease Task Force led by Orphanet in Paris are beginning projects concerning rare genetic
diseases including input to the International Classification of Disease. This recognises that the current version
ICD-10 does not provide suYcient detail and accuracy for unambiguous classification of inherited diseases.
With coding standards in place it should be possible for genomic medicine to converse fully with the NHS
medical systems that are being developed and avoid remaining an isolated speciality. One specific issue that
must be addressed is the representation of family data which is not possible within the current NPfIT systems.

Recommendation 7. The BSHG recommends that the Government support a programme to modernise the
information technology available to genetic centres. This should focus on piloting phenotypic coding designed
to be compatible with the emerging standards of SnomedCT and ICD11. In addition it should trial secure
methods within a governance framework of storing and making accessible genomic data for healthcare
purposes.

Memorandum by the Foundation for Genomics and Population Health (the “PHG Foundation”)

Key Points

— The current pluralistic approach to policy development for genomic medicine should be retained.
There is a need for increased representation of public health expertise in policy development.

— “Genetic exceptionalism” should be avoided in policy development: DNA is one amongst several
diVerent types of biomarker that may be used in the diagnosis of disease or estimation of disease risk.

— Genomic science is in a robust state but progress is dramatically slower in evaluating the clinical and
public health relevance of these scientific advances and in developing systems for eVective translation
of validated tests and interventions into clinical practice.

— InsuYcient attention has been paid to the final stage of translation, which bridges the gap between
assessment/evaluation and implementation. This is not a research activity but a process of change
management that includes knowledge integration and synthesis, knowledge brokering, stakeholder
dialogue and consensus-building, clinical and public policy development, service review and
reorganisation, education and training.

— A framework has been developed for evaluation of DNA tests. Statutory regulation of biomarker
tests should be confined to ensuring their safety, and that evidence relating to test performance is
transparent and publicly available. Funders of health services, and clinicians, should be discouraged
from using tests that are not backed by appropriate clinical evidence.

— In the context of common disease, advances in genomics are unlikely to enable a person to be given
a precise, individually tailored diagnosis or disease risk. Genomics will improve our ability to place
him or her within a band or segment of the population characterised by a particular array of
diagnostic features or a particular average disease risk. In turn, this will enable better targeting of
interventions.
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— As genomics is increasingly applied in mainstream medicine, new service models are needed in which
appropriately trained health professionals from other clinical specialties take responsibility for
routine genetic aspects of care, with access to specialist genetics referral where necessary.

1. Introduction

1.1 The PHG Foundation is the successor body to the Public Health Genetics Unit, established in 1997. Our
response focuses on our particular area of expertise: the eVort to develop an appropriate public and clinical
policy framework for the evaluation of genome-based technologies and interventions and their
implementation to benefit population health.

2. Policy Framework

2.1 At Government level, the public health mandate of the Department of Health includes policy and
guidance on genomic research and the implementation of genome-based knowledge and technologies in public
health and health services. Many diVerent non-governmental groups and organisations, representing a variety
of views and expertise, contribute to policy-making and policy review. We believe that the present pluralistic
approach has significant strengths and that it should be retained.

2.2 In general, scientific knowledge is represented eVectively in policy advice but there is insuYcient
representation from organisations and professionals with expertise in public health.

2.3 Some aspects of the current regulatory environment for research and development are problematic for the
development and translation of genomic medicine. In particular, the research process in the UK is hindered
by the complex legal environment controlling the definition and use of personal data, and the storage and use
of human tissue. There is a tendency to interpret legislation in an overly cautious manner in order to avoid
any risk of litigation.

2.4 The ethical, legal and social implications of genomic medicine receive considerable attention. There is a
formal mechanism for considering these issues, through the advisory role of the Human Genetics Commission
(HGC). A weakness of having a formal body dedicated to the ethical aspects of genetics is that it encourages
genetic exceptionalism: that is, the belief that genetic/genomic information is uniquely powerful and therefore
requires uniquely draconian regulatory and policy measures. Genetic exceptionalism is problematic for two
reasons: firstly, that it leads to unrealistic expectations (both positive and negative) from genomic medicine;
and secondly that it sets up an artificial distinction between tests and characteristics that are deemed to be
“genetic” and those that are not. In fact, genetic factors contribute to all biological characteristics and
therefore all tests for such characteristics are to some degree “genetic tests”. A more productive approach is
to consider DNA as one amongst several diVerent types of biomarker that may be used in the diagnosis of
disease or estimation of disease risk. It may be appropriate to replace the HGC by a new advisory body with
a wider remit more in keeping with a modern understanding of biology.

2.5 More generally, there has been a tendency for policy decision-making to be driven by a political response
to high-profile events. An example is the complex regime for regulating the removal, storage and use of human
tissue (the Human Tissue Act), which arose out of the scandal of organ retention at the Bristol Royal Infirmary
and Alder Hey Hospital, but reaches far beyond the legislative measures needed to prevent such gross
misconduct. The measured, consultative approach that should apply in the development of such legislation
was conspicuously lacking in the initial drafting of the Human Tissue Bill. Although open, public debate on
ethical, legal and social issues arising from genomic medicine is important and to be encouraged, the views of
scientists and clinicians and their representative organisations must also be given due weight in policy
development.

3. Research and Scientific Development

3.1 Genomic science is in a robust state and will be commented on at length in submissions from other
organisations. Progress is dramatically slower in evaluating the clinical and public health relevance of these
scientific advances and in developing systems for eVective translation of validated tests and interventions into
clinical practice. We shall return to this point below. Cross-sector collaboration involving government,
academic research groups and industry is vital for realising the full potential of genomic medicine and should
be actively encouraged.
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4. Data Use and Interpretation

4.1 Data on gene-disease associations are published in the scientific literature and are available in research-
level databases. However, these data do not in themselves constitute an evidence base for genomic medicine.
The HuGENet initiative is an international collaboration devoted to systematic review and appraisal of
claimed gene-disease associations. This information is assembled in a web-based knowledge base for use by
healthcare providers, researchers, industry, government and the public in making decisions involving the use
of genomic information for disease prevention and health promotion. Initiatives such as HuGENet, which has
a coordinating centre in the UK (www.hugenet.org.uk) must be adequately funded.

4.2 All sensitive personal information, biological or otherwise, should be appropriately protected. Policy for
data use and protection should not make a special case of DNA information but should deal more broadly
with any data—genomic, proteomic, metabolomic, transcriptomic—that emerge from the new biology. The
over-arching principle should be the need to achieve an optimal balance between individual autonomy and the
wider public good. An over-emphasis on individual privacy and security can negate the potential benefits from
research and put unnecessary obstacles in the way of people who wish to volunteer to participate in this
research for altruistic reasons.

4.3 In the clinical sphere, genomic information (in its widest sense) will increasingly become part of an
individual’s medical record, raising both technical issues and questions of privacy and security. A question of
particular relevance to clinical services is how familial information should be dealt with. For some highly
penetrant single-gene diseases, such as familial hypercholesterolaemia, cascade testing within extended
families can be used to identify aVected individuals who may benefit from treatment or prophylaxis. EVective
cascade testing requires an electronic record system that covers a wide geographical area (possibly even the
whole country) and is linked to the individual medical records of family members. A single generic system
would be preferable to separate systems for individual conditions. The issue of how such a system could be
established without jeopardising patient confidentiality has not been resolved.

4.4 We believe that calls for “genetic discrimination” to be outlawed as part of the proposed single equality
bill are misguided because it will not be possible to arrive at a consistent legal definition of the term, and
because such legislation would unfairly privilege DNA-based information over other types of information that
may be equally or more predictive. A preferable approach would be to require all third-party users of predictive
test information to make the evidence base for their practice publicly available and to justify their use of
such tests.

5. Translation

5.1 “Translation” is not a single process. It comprises the “bench to bedside” phase (including clinical trials),
followed by phases of evaluation, assessment, appraisal and implementation into clinical practice and
healthcare systems. The initial phase of translation is part of clinical research and development, with actors
in both the public and private research sectors.

5.2 Evaluation and assessment fall within the publicly funded Health Technology Assessment (HTA) and
Health Services Research programmes. There is currently a lack of attention to the systematic work on the
clinical validity and utility of genomics-based technologies (in particular, diagnostic tests) that is needed to
inform the evaluation process. A new approach is needed, akin to the way pharmaceutical companies run
Phase III clinical trials. It is likely that this system will need to be established as a public-private partnership.

5.3 Optimal translation of new technologies into clinical practice requires both assessment and appraisal of
the technology. In the UK (in contrast to some other countries, such as Canada) these processes are separate,
with the HTA programme stopping at assessment, and NICE responsible for appraisal (ie developing policy
and guidance). We believe this approach reduces the value of the HTA programme and that assessment should
always be followed up by policy and guidance.

5.4 InsuYcient attention has also been paid to the final stage of translation, which bridges the gap between
assessment/evaluation and implementation. This is the area within which public health genomics operates and
which forms the core of the work of the PHG Foundation (www.phgfoundation.org). It is not in general a
research activity but a process of change management that includes knowledge integration and synthesis,
knowledge brokering, stakeholder dialogue and consensus-building, clinical and public policy development,
service review and reorganisation, education and training. Given the pace of technological advance, it is
essential that this final phase of the translation process is explicitly recognised and adequately resourced.
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5.5 Like any other type of clinical test, a test based on genome variation data may be “meaningful”—in the
sense of providing clinically useful information—or not. The important thing is to have a process to
distinguish which tests (genomic or otherwise) fall into which category. A framework for evaluation of DNA
tests has been developed. This framework has already been implemented by the UK Genetic Testing Network
for tests that are currently used by clinical genetics services. Its major components are assessment of the
analytical validity, clinical validity and clinical utility of the test, and a consideration of any ethical, legal or
social issues arising from its use.

5.6 The existing statutory regime for market authorisation of diagnostic tests (of which the major component
is the EU In Vitro Diagnostic Devices Directive) is in general restricted to an examination of safety and
analytical validity. Statutory regulation does not extend to requiring evidence of a test’s clinical utility; that
is, evidence that the use of the test leads to an improved health outcome. This issue is controversial. Our view
is that the current regulatory regime would be suYcient provided there were a requirement for any information
about the clinical validity and utility of the test to be placed in the public domain. At present EU legislation
allows any such data to be retained in private by the company selling the test.

5.7 Particular concern has been expressed by some commentators about the regulation of genomic “lifestyle”
tests available direct to consumers via the internet. Companies selling these tests give dietary and lifestyle
advice purportedly based on analysis of an individual’s genomic profile. We do not support the HGC’s view
that genomic “lifestyle” tests should be subject to a specific regulatory regime. We believe the role of statutory
regulators should be confined to ensuring the safety of all biomarker tests, and that evidence relating to test
performance (or lack of it) is transparent and publicly available. Funders of health services, and clinicians,
should be discouraged from using tests that are not backed by appropriate clinical evidence.

6. Biomarkers and Epidemiology

6.1 We question the implied distinction between DNA variants and biomarkers: genomic factors are simply
one type of biomarker. We have previously outlined our argument that all biomarkers should be formally
evaluated as part of the translational process, and that this phase of translation must be aVorded more
recognition.

7. Use of Genomic Information in a Healthcare Setting

7.1 Genomic information is expected to have a major impact on the classification of disease. Evidence for this
is already available, for example in the field of oncology, where genomic approaches such as microarray
technology are beginning to define sub-categories of disease related to diVerences in prognosis and disease
management.

7.2 Currently, the major clinical impact of genomics is in the context of single-gene and chromosomal
disorders. The molecular-genetic basis of thousands of single-gene disorders is now known. Although these
conditions are individually rare, they are collectively numerous, representing a substantial burden of morbidity
and mortality in the population. There is increased and/or earlier diagnosis of several conditions through
neonatal screening programmes (eg sickle cell and thalassaemia, MCADD, cystic fibrosis), family cascade
testing (eg current pilots for familial hypercholesterolaemia) and good clinical practice (eg the National
Service Framework guidelines for investigating possible genetic causes of sudden cardiac death). Some
individuals identified through these routes may never have had recognised symptoms of disease but are
nevertheless at risk of life-threatening events and therefore in need of services. All health professionals need
a basic understanding of genetics, to enable more eVective recognition of highly penetrant genetic conditions,
some of which are rare subsets of more common diseases.

7.3 In some single-gene disorders, knowledge of the disease-causing mutation is already leading to more
individualised treatments. For example, in some inherited retinal dystrophies the use of specific gene therapy
is being trialled and molecular analysis is leading to fine-tuning of more general treatments.

7.4 Our experience in service development for genetics in mainstream medicine indicates that the current
paradigm of joint clinics involving clinical genetics departments and other specialist departments (cardiology,
oncology, ophthalmology etc) is likely to become untenable as the number of available tests for single-gene
diseases increases and their cost drops. This means that patients will largely be looked after in the relevant
specialty by health professionals knowledgeable in aspects of genetics relevant to that specialty and with access
to expert genetics referral for more complex issues such as interpretation of complicated test results.
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7.5 This model for integration of genetics into mainstream services requires a substantial investment in
education and training. Genetics must be included in all aspects of specialty training (eg medical, nursing and
other associated specialities), and opportunities provided for sub-specialty training, for example through
provision of fellowships.

7.6 Investment is also needed to ensure that these new services are properly set up and that family-based
record systems are established as set out in 4.3.

7.7 In the context of common disease, the term “individualised medicine” may be misleading. Advances in
genomics are unlikely to enable a person to be given a precise, individually tailored diagnosis or disease risk.
Rather, genomics will improve our ability to place him or her within a band or segment of the population
characterised by a particular array of diagnostic features or a particular average disease risk. In turn, this will
enable better targeting of interventions. This process does not diVer in principle from stratification by, for
example, cholesterol levels or blood pressure. Genomics will enable us to refine such categories by using a
richer array of information to define them.

7.8 The ethical issues raised by these developments are those raised more generally by population
stratification, prediction and prevention—these are not issues that are basically genomic. If there is to be advice
or codes of practice it should not be directed at the technology but used more generally to inform the
management of disease risk or the appropriateness of treatments.

7.9 There is a need for more research on how people perceive risk and how they behave in response to
information about their risk. Although we discourage genetic exceptionalism, we recognise a widespread lay
belief that genomic information is “special”. It is important to understand how existing beliefs aVect people’s
response to genomic information and whether including such information in risk profiling will motivate the
behavioural changes that are necessary to improve disease prevention and public health.

7.10 As genomic tests and information are incorporated into strategies for the routine diagnosis and
management of common disease and the estimation of disease risk, many—if not most—health professionals
will need to understand how to interpret test results and risk information and to be able to explain the
implications to patients. They will also need to be able to make informed judgements about which tests are
appropriate for diVerent patients and clinical situations. General practitioners are likely to find themselves in
the “front line” of these developments and will need appropriate training.

7.11 Commissioners and managers will need to be able to assess the population need for genome-based tests,
technologies and interventions, and to understand the evidence base supporting their use.

7.12 The education of public health professionals will need to move away from an exclusive emphasis on
social and environmental causes of disease, towards a more sophisticated understanding of the interplay
between genomic and environmental factors in disease causation. This more modern understanding of health
and disease may enable the development of more successful strategies for disease prevention targeted at
population subgroups in which the underlying aetiology of the disease is more clearly defined.

17 April 2008
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Examination of Witnesses

Witnesses: Dr Rob Elles, Chairman of the British Society of Human Genetics (BSHG), and Director of
Molecular Genetics, National Genetics Reference Laboratory and Regional Molecular Genetics Service,
Professor Richard Trembath, Head, Division of Medical Genetics, King’s College London (past president
of BSHG), Dr Ron Zimmern, Executive Director of PHG Foundation (formerly the Public Health Genetics
Unit, Cambridge), and Professor Martin Bobrow, Previously Head, Department of Medical Genetics,

Cambridge University, examined.

Q235 Chairman: Good morning, gentlemen. Thank
you for coming along today to help us with this
inquiry. We are hoping very much that you will be
able to give us the definitive answers we need in the
kinds of areas we need to make key
recommendations. Could I also welcome members of
the public. For the public, there is some information
declaring the interests of Committee members if you
wish to see it. I do not know if one of you is going to
take the lead position, or if the appropriate person is
going to answer each question as it comes, but I
would invite you to make an opening comment if you
would like to. Otherwise, please would you introduce
yourself and say who you represent the first time you
speak. Does anyone want to make an opening
remark?
Professor Trembath: We are happy to respond to the
direct questions.

Q236 Chairman: Thank you very much. It is
becoming clear to us from a lot of the evidence
hitherto presented, both written and oral, that there
have been many advances made in genomic science
but we are not clear which of these are the most
important in managing the common diseases. Most
of the inquiry is going to focus on genomics and its
implications for health. How soon are they likely to
reach mainstream clinical practice?
Professor Bobrow: I am Martin Bobrow, I am listed
here as Head of the Department of Medical Genetics
in Cambridge. That is no longer true. I am a member
of the great unemployed—and delightful it is too. I
think that is a very diYcult question. I am extremely
enthusiastic about the advances in knowledge that
have occurred—and we are just beginning to scratch
the surface, so a lot more will come. In my view, the
results of that will be better understanding of biology
and a better understanding of disease and the
development of new diagnostic and treatment
modalities a long way down the road, many of which
will not be genetic at all. I am not myself convinced
that there is any serious number of short-term
benefits in terms of screening tests (of the sort that are
commonly discussed), for reasons I guess we will get
into later. I am sure that we will see, as we have
already seen, more and more novel treatments
beginning to emerge as people understand the
biochemistry of disease and health better.
Dr Zimmern: I am Ron Zimmern. I am a public health
physician. I am the Director of the PHG Foundation
which was formerly the Public Health Genetics Unit.

For the last 11 years I have been involved in issues of
genomics and public health and the whole
translational issues. I wish I could disagree with
Martin, because, enthusiastically, I would like these
tests to be of some benefit. However, as each year
goes on and I learn more and more about them, I
come more and more to the view that, yes, there will
be long-term implications when one understands
biology better, but as for the direct use of a gene-
disease association, there are huge problems. One of
the problems is that they are being sold as tests. A test
is something that you dichotomise: it is on the whole
regarded as being either positive or negative. By
dichotomising you can say, “Well, if positive we do
this; if negative, we do that” but I think this is entirely
the wrong way to think about these genetic variants
and biomarkers. First, their relative risks are very
small: 1.05, 1.1, 1.2, and, until you get to relative risks
of 30 or 40, they are of absolutely no use in
dichotomising and distinguishing populations with
the variant and populations without. If there are to be
any direct uses from understanding gene-disease
association, we have to think about these as items of
data which you feed into some form of predictive
model, which must start from the age and the sex of
the individual for whom you feed these various
results. Whether a combination of factors like that
fed into such a model will produce predictors, time
will tell. Maybe in some cases they will. We already
see it with cholesterol, blood pressure, and heart
disease. Whether, as some experts might think,
adding genetic or protein-type biomarkers will
improve the risk prediction model, we have yet to see.
Dr Elles: I am Rob Elles. I am currently Chair of the
British Society of Human Genetics. My job is in the
Regional Molecular Genetics Service in Manchester,
which also houses one of the National Genetics
Reference Laboratories. For the past 10 years in
genetics, particularly for familial cancers but also,
increasingly, for familial forms of heart disease, we
have been identifying classes of patients at high risk,
oVering predictive tests, and, increasingly, as time
goes on, we have helped patients to open up options
for themselves and advised on the management of
these conditions. This is our starting point
representing a large chunk, perhaps even the
majority, of the work of Regional Genetics Centres. I
have seen changes recently in terms of demands for
tests to look at the genotype of tumours and to help
manage prescription in relation to cancers. These
tests, in relation to clinical management options—the
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subject of your question—are already starting to
emerge as a clinical demand on us in regional centres.
In fact, in recent months we have been fielding
requests for genotyping in relation to clinical trials,
again in relation to cancer therapy, so I think we are
starting to see the thin end of the wedge in terms of
genotyping, genetic testing, and clinical
management, and I think this is going to increase as
time goes on.
Professor Trembath: Richard Trembath. I am the most
recent past Chairman of the British Society of
Human Genetics and an academic professor of
medical genetics at King’s College London. There is
essentially consensus amongst the witnesses here—
although, as ever, it is in the detail and, having
previously attended the seminar that was held as part
of this Select Committee, I am aware that many of
these issues were highlighted during that seminar.
Part of it of course lies in the definition of common
disease and what it is that we are seeking to apply to
those. That has direct relevance to what Ron has
alluded to. In many instances, the current array of
genetic tests, as they would apply as potential
predictive tests, will, if they have any potential,
become part of an amalgam of predictives that will be
brought into some kind of model. And we are very
used to that in medicine. That is exactly what we do
in terms of practice: we take a number of
observations and integrate them. It is highly likely
that those will continue to be the ways in which
current advices have their most common application.
As I think Rob was alluding to, we have—because we
have seen it already and we will anticipate more
examples—the ability to use genomic sequence, the
ability to interrogate our genomes to identify specific
subgroups that currently are buried within what we
might term common disease, for whom alternative
approaches of management are pertinent, which
might include alternative therapeutic strategies or
specific therapeutic strategies. There are some
examples. We might use the breast cancer example of
that, because, of course, we are only now identifying
the BRCA genes because of access to sequence. We
would be saying, “Here’s a great example,” but we
have come to it from a slightly diVerent angle. I have
no doubt that there will be an increasing number of
examples, within the depth of common disease, of the
ability to use genome sequence to identify specific
sub-groups within that, for whom direct application
and virtually immediate application is pertinent.

Q237 Chairman: Some of the evidence that has come
to us about these genomic tests is that they should not
enter clinical practice unless they have been validated
and tested. Who would do this and where would the
funding come from in terms of testing their clinical
eVectiveness and cost eVectiveness?

Dr Zimmern: There are three issues here: (i) who will
produce the data that will enable the analysis and
evaluation; (ii) who will carry out the analysis and
evaluation; (iii) who will set the standards by which
after the analysis has been done—

Q238 Chairman: You have put my questions well.
Perhaps you could answer them now.
Dr Zimmern: There are these three aspects. It is in the
first that I think there is the greatest problem because
nobody is taking responsibility for this activity.
Doing the science, making the gene-disease
association, is taken care of: that is done by scientists;
there are lots of research monies. But once a gene-
disease association has been shown, doing what
might essentially be seen as the equivalent of Phase
III trials in therapeutics (getting the test
performance, getting the sensitivities, the
specificities, the positive/negative predictive values) is
stuV that serious scientists do not really want to do.
It is very mundane; it is very routine. The
pharmaceutical companies do it because under the
Medicines Act they are obliged to do it. I have talked
to a number of biotech companies, and they have sat
before me and said, “I’ve got this wonderful test
which predicts disease X, why isn’t the NHS buying
it?” The first thing I say is, “What’s your evidence?”
and out of their briefcase comes a set of papers from
Nature Genetics or whatever which shows the gene-
disease association and shows it very well. Then I say,
“What about its predictive value?” and they say, “Oh,
we’ve only done it on 10 cases and 10 controls.”
“Why?” “Well, we’re not the big pharmaceutical
companies. We can’t aVord to run these trials.” I have
heard estimates for diagnostics of three to five million
euros to do a trial—which is small beer for drug
companies but huge amounts of money for a biotech
company. My personal view is that there has to be
discussion between the private sector and the public
sector about who produces these data. Once the data
are produced, I think there are many organisations
ranging from NICE and others who can analyse
them, but, even then, there is the question of
standards. Here we get to value judgments: How high
does the predictive value have to be? What does the
sensitivity and specificity have to be before the NHS
will take a test on?

Q239 Lord Krebs: I would like to follow up, if I may,
one of the answers to the first question from
Professor Bobrow and others. As I understood it,
your reservations about the timescale for translating
the knowledge of genetic associations into clinical
practice came from two sources, and I would like to
check that this is a correct interpretation. One is the
low predictive power and the second is the lack of
understanding of the biochemical pathways that link
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the genetic diVerence to a disease. If we go back to the
textbook example that we all learned about in first
year biology: in phenylketonuria one knows what the
genetic pathway is and therefore can devise a very
simple intervention to prevent the expression of the
genetically determined disease in the phenotype. Am
I correct in assuming that it is those two aspects, the
low predictive power and the lack of biological
knowledge about the pathways, that link the genetic
change or genetic diVerence to a disease?
Professor Bobrow: Yes, that is correct. The second of
those will change, because one will learn more about
pathways, and that may lead in a variety of very
constructive directions. The first, although there may
be a few surprises, will not change. We now know, as
we did not know 10 years ago, that examples like the
breast cancer genes are rarities. There are virtually no
high-risk alleles for what we call common diseases
waiting to be discovered. People have spent the last
15 years proving that with blood and tears. We are
left with a set of alleles of risk factors that have
predictive powers of around 1.02, 1.05, and so on,
which obviously one at a time make no diVerence at
all worth speaking of. Perhaps I could take a couple
of minutes to get something oV my chest, which I will
then not have to do later. This leads one into a slight
paradox which is not being well-described in the
literature. The immediate response to saying that
these risks are very small and therefore not very
interesting is, “Yes, but there are hundreds of them,
and as we learn more we will be able to amalgamate
them.” And so we will. Clearly, if you have things that
give you an extra risk of five or 10 per cent and you
test 25 or 30 of them, you will eventually define
someone who has all the high-risk alleles, and has
quite a substantial risk—it might be an absolute risk
of 30 or 40 per cent—of whatever the disease is. But
each time you multiply risks, you are also multiplying
how common that allele is in the population.
Although you will define a high-risk group of people,
they will be incredibly rare. They will in fact be
comparable to the rare Mendelian diseases that
everyone has been telling us for the past 10 years are
not very interesting because they are too uncommon.
It just does not work. This is something that was
delineated by GeoVrey Rose in the 1960s, that, in any
disease that has this sort of complex causation, the
great bulk of the individuals and the population lies
in the middle of the distribution and the bits at the
tails are very interesting to very few families but they
are extremely unlikely to be a public health issue.
However you set these predictive tests up—diVerent
from the stuV Rob was talking about—you will land
up in a situation where most of the people that you
define as being of moderate risk do not get the disease
and most of the people who get the disease are not
likely to be in your higher risk categories, so it just

does not play out in practical medicine. I think that
is a theoretical block. It just will not go away. It is
diVerent when you are testing a disease process,
which is what happens when you genotype cancers to
see what has gone wrong in that cancer and you are
defining part of the process that is already underway
in that individual. Although you are using genetic
technology, it is almost a functional type
diVerentiation.

Q240 Chairman: Dr Elles, did you have any
comment about whether these tests are clinically
cost-eVective and practical or not?
Dr Elles: Taking you back to the current situation,
certainly many members of the BSHG perceive a gap
currently. I am really talking about the current
situation, where genes are still being discovered for
rare diseases or the Mendelian sub-sets of common
diseases, or where we are starting to unravel the
situation, like in eye diseases. In a genetic condition
which is relatively common, like retinitis pigmentosa,
there can be 30 diVerent genes, any one of which
could be mutated and causative of this condition.
How do we get these research discoveries into
practice? There is a lot of frustration in the
community about the translational gap and a feeling
that the NIHR as currently constituted is not
recognising this gap. It is really, in some ways, quite
a modest and small scale task, where individual
laboratories are seeking funding to take the research
findings and carry out the process which Ron
described, which is in their own laboratory to design
and validate a test in a small series of patients to
generate suYcient data to present before the UK
Genetic Testing Network as a gene dossier and have
the assessment of the test judged as to whether it can
go forward for commissioning. It is that piece of
work, gathering that data, which it is sometimes very
diYcult to get funding for and which does fall, we
feel, in a gap in the system. It is telling that, quite
commonly, individual patient groups feel so strongly
about this that they end up funding this work. In my
own laboratory, the British Retinitis Pigmentosa
Society—and that is just one example—stepped in, in
order to allow that validation process to occur and to
allow a dossier of evidence to be gathered and put
forward for commissioning.

Q241 Lord Broers: Could I pursue this a bit further
and take Dr Zimmern’s view of his first sub-division
of the question. Is the problem in getting reliable data
or is it expensive?
Dr Zimmern: No one at the moment has the
responsibility or the funding to gather the data. It is
not a diYcult process. It is purely that, as a matter of
policy, nobody has decided who bears the
responsibility for producing those data. As Rob says,
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the research funding bodies do not see it as their
business because it is past research, and there is no
equivalent to the Medicines Act which says the
industry has to do it. It falls between stools, and so
nobody is doing it.

Q242 Chairman: In a way it is a direct translation, is
it not?
Dr Zimmern: Yes.

Q243 Chairman: That is the point Dr Elles made
about NIHR not recognising that this is a
translational issue and therefore needs to be funded.
Am I right? Or am I putting words into your mouth?
Dr Zimmern: Yes, in part you are right. Perhaps I
could here make the distinction between
translational research, of which this could be
considered a part, and the act of translation itself.
That distinction has not been appreciated by
policymakers. We understand now that more money
is going to translational research, as opposed to basic
research; but, no money is going into the process of
translation, of ensuring that we get the communities
of researchers and the communities of doers and
funders together to ensure that those pieces of
research get implemented into practice.

Q244 Lord Broers: From my own point of view of
ignorance: there is no problem, if you solve your
organisational problems, in getting reliable data.
Dr Zimmern: Correct.

Q245 Lord Broers: When you take a sample, you
generally do not generate errors. The data is the data.
Dr Zimmern: That is right.

Q246 Lord Taverne: I want to pursue further this
question of assessing the value and cost-eVectiveness
of tests. We have heard evidence about lots of newly
emerging genetic tests for a variety of purposes
(testing for drug eYcacy and side eVects; for guiding
management in cancer and leukaemia; and for
predicting common diseases—although quite a lot of
doubt has been thrown on that). Which is the best
way of assessing this value and cost-eVectiveness? Do
we need a new body to do that? Or could an existing
body, such as the UK Genetic Testing Network,
cover it?
Dr Elles: The UK Genetic Testing Network, as it is
currently constituted, is designed and operates very
well in the area of single gene disorders and tests for
relatively rare conditions. As the NHS starts to
grapple with emerging tests for common disease that
are put forward as predictive tests, then I think that
is a much bigger job. It would require a lot more
resource to be put into UK GTN, if it were tasked
with that job. The recent summit between the Royal

College of Pathologists and the public health
geneticists recommended a so-called NICE for
Diagnostics. Certainly from the British Society for
Human Genetics point of view, we would strongly
support the need for such a body and for it to be
adequately resourced to look at this kind of task.
Does that answer your question?

Q247 Lord Taverne: You favour a new body. You
think it would be diYcult to use the UK GTN?
Dr Elles: As it is constituted, it could not take on
board this task.
Dr Zimmern: You have had Professor Peter Furness
presenting evidence on behalf of the Royal College of
Pathologists. His take is much wider than genomic
medicine, but this is an issue that really faces all forms
of pathology tests, whether biochemical,
haematological, proteomic. Clearly if one goes that
wide, the UK GTN is certainly inappropriate as
presently constituted to do it. We are talking about a
sui generis body that will do diagnostic tests across
the board, in which case one then has to decide if that
takes on the UK GTN activities. As well as who does
the assessment, the other main recommendation that
came out of this summit was a very important one: all
this evidence should be produced and put in the
public domain on a website or something. At the
moment, the reality of European legislation is that a
lot of these results, if carried out by commercial
companies, are deemed “commercial in confidence”
and they are not put in the public domain, so we do
not know with all these commercial tests what the
clinical validity is because there is no obligation to
put this evidence in the public domain.
Professor Bobrow: I was going to make very much the
same comment. I am very much against treating
genetic tests diVerently from the way in which we
treat other tests. Because they are not diVerent. They
are simply one way of assessing risk and you can put
them in with biochemistry, with imaging, and with all
sorts of things. The reality is that the world—and not
just the NHS: it is not as though there are great
models in other countries, although it is slightly
diVerent in the States—does not take the need to
produce hard evidence of the real value of tests and
diagnosis as seriously as it takes the need to produce
hard evidence about the safety and eYcacy of
medicines. If we look at the treatment side of the
world, we do demand lots of data on how safe and
eYcacious medicines are before they are licensed, but
we do not fund it. We expect the drug companies to
fund it for us. We then get into an interesting sort of
circle where they do all the science behind closed
doors, they produce the data that they want us to see,
and they charge us handsomely for the process in the
price we pay for the drugs. In diagnostics, it has just
been too laissez faire?
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Q248 Chairman: Is there not a key diVerence, in that
genetic testing has implications for other members of
the family which imaging, et cetera, does not have?
Professor Bobrow: That depends what you are
imaging. If you are imaging in order to discover an
inherited disorder, it is not true. The sorts of genetic
tests that apply to Huntingdon’s disease certainly
have implications; but if what you are predicting is
late-onset type 2 diabetes, the implications for other
family members may be—I am guessing—quite
modest. I do not think that is a real distinction. I
think the problem is that this needs to start from a
clinical policy viewpoint. The first question is not:
How good is the test? It is: Why would anyone want
to take this test? Simply getting information that you
are at risk is not very helpful in general. In the very
high-risk situations which we have been used to
dealing with in the past, people do ask for that
information. Not everyone. Remember, most people
with Huntingdon’s disease or a high risk of
Huntingdon’s disease do not ask to get tested, even
today. Most people do not want that knowledge. The
people who do, want it because it is a very serious
disease, it has a very high risk, and they want to plan
their lives and their reproduction and all the rest of it
in that knowledge. That does not apply if you are
talking about relatively modest diVerences of getting
something like diabetes at the age of 65. Why would
you want that information that you are at high risk?
The answer is dead simple: Either there is a treatment
that you would get, or there is a preventative strategy,
and that treatment or that preventative strategy has
to have some cost attached to it. Because if the
preventative strategy is: “You should really take a bit
more exercise,” it is just not worth having the test,
because you should do that anyway. These rather
“Noddy” things which come out of the current range
of things oVered on the internet do not fulfil the
definition of why anyone should seriously want to get
that knowledge for a predictive point of view. If you
start oV at that level—to get back to your question—
you do need a policymaking body that asks the right
high level questions and that assesses all of the stuV
that Ron has spoken about. In relation to any
diagnostic modality that is in practice now, this is a
big agenda. It is eVectively a NICE-type structure but
dealing with diagnostics rather than therapeutics.
Professor Trembath: I think that point has been very
well discussed, but I want to go back momentarily to
the issue of the role of the NIHR in translational
research and its relevance to this particular issue. I
also have a role as a director of one of the recently
formed Comprehensive Biomedical Research
Centres within the NIHR structure, and I think it
would be unhelpful for the Committee to have a view
that the NIHR is not cognisant of these issues or that
they are essentially ignoring them. Quite rightly,

resource has been made available and is
appropriately targeted at responding to proposals
that are looking at the diagnostic utility where the
evidence is quite substantial that a test has potential
diagnostic utility. Of course what we have been
hearing is that that might be true, for example, in
genomic profiling, to allow you to better categorise
some forms of leukaemia and other forms of cancer,
but on the theoretical grounds that Professor Bobrow
has very clearly announced, is both unlikely and now
factually not going to generate a pure diagnostic test,
and so it seems reasonable, within a limited resource
that NIHR has, that the targeting of developing those
translational programmes is to those that are going to
generate real diagnostic utility.

Q249 Lord Broers: Perhaps the question I am going
to ask is rather getting ahead of the state of the whole
science and technology, but if a new genetic test were
to be found useful and cost-eVective, how can we
ensure that it is introduced into clinical practice in a
consistent way across the NHS?
Dr Zimmern: Perhaps I might answer that question,
having spent many years as a commissioner of
services within the NHS. We mentioned the NIHR
but there is another body that we ought to talk about
and that is the Health Technology Assessment
Programme. That has a huge budget. I was privileged
to Chair the Diagnostics and Screening Panel of the
HTA for about six years—I have just stepped down
from that. As you know, it is a body that commissions
research. They commission this research and a
wonderful report comes out, but it is health
technology assessment, and, in the technical parlance
of Health Technology Assessment, “assessment” is
the gathering of the evidence. There is no obligation
on HTA, unlike NICE, where the jargon term is
“appraisal”, to take the recommendations in that
document any further. This to me is a major weakness
of the UK HTA programme—as distinct from in
Canada, where the HTA programme tries to get its
recommendation into practice as well. The other
thing is the commissioning mechanisms. At the
moment, pathology tests are not, except in the field of
clinical genetics, separately commissioned. Their
costs included are in the cost of the so-called FCE
(Finished Consumer Episode): so someone buys an
episode of ophthalmology and all the lab tests are
within costs of that episode. It is very clear to me that
if you are talking about haemoglobins, urea and
electrolytes and mundane things like that, they can be
parcelled up in there, but with modern tests, tests
costing £50, £100, upwards, there must be a process
for commissioning them individually. Otherwise we
do will not understand what is happening. I think
these were the recommendations of Lord Carter of
Coles’ report on pathology modernisation, of having
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explicit commissioning of laboratory services. In
some form or other that has to come about if we are
to drive this process into practice. By just lumping
tests into a specialty cost, you can see that there will
be no levers to do this.
Dr Elles: One aspect of trying to get consistent service
provision is to look at the provision of lab services,
which at the moment in this area is split between
laboratory medicine, eg pathology disciplines, and
genetics (which often stands outside laboratory
medicine). I think the moment has come where we
should start to open a dialogue between the potential
users of these tests in various specialities (oncology,
cardiology, and so on) and the service providers in
genetics and the pathology networks. I think the
recent reorganisational trend towards aggregating
laboratory medicine into pathology networks,
typically at strategic health authority level, gives us
much more opportunity for dialogue between the
relatively few regional centres as they exist and these
new pathology aggregates. What is a bit
disappointing—not to be critical—is that pathology
modernisation has looked very closely at structural
issues, hence the pathology networks, and has looked
at workforce issues, but it almost nowhere talks
about the kind of scientific horizon for pathology
over the next 10 years. I would like to think that these
new developments in genomic science and our
experience in genetics and putting them into practice
could be a useful input into pathology modernisation
and start to talk about what kind of service
configurations we are going to need for these new
genomic tests, especially when we are considering
these exciting new technologies, these next
generation technologies, such as sequencing
technologies, which can potentially produce vast
amounts of data. How are we going to configure the
NHS to make best use of these technologies? My
overall point is that we need some kind of structural
dialogue drawing on the potential of genomic
medicine and the existing experience of Genetics
Centres and the pathology modernisation eVort.

Q250 Lord Colwyn: We are having a very useful
discussion on genetic testing. I would now like to seek
your views on the rapidly growing market of the
direct-to-consumer genetic tests. The Regional
Genetics Centres and the National Genetics
Reference Laboratories have eVective mechanisms in
place to ensure the quality of the tests they conduct.
With this increasing use of genetic testing in other
NHS laboratories that perhaps do not have the same
specialised genetics expertise, are there concerns
about the quality of the tests being oVered? Am I
correct in thinking that the test itself is relatively
straightforward and in fact it is the interpretation of
the test which is the vital factor?

Dr Elles: The UK has been a leader in developing
quality assurance in genetics and has spread that
experience for example to Europe, and through the
OECD countries. We know from that experience that
the current provision of genetics testing services in the
UK in the Regional Genetics Centres is pretty safe
from the point of view of quality; whereas in Europe
there are some very good examples of best practice
but a much more patchy and varied picture. We have
a good handle on quality and the question is: As
things develop how can we retain that focus and that
guarantee of quality? We have the structures in place
for laboratory proficiency testing, also called external
quality assessment. We have the structures in place in
terms of a long experience of laboratory
accreditation. The White Paper demanded that
genetics laboratories should be accredited by clinical
pathology accreditation, and, if not 100 per cent, very
close to 100 per cent are now accredited. As the
experience spreads, then we must make sure that
these mechanisms are brought to bear on other
laboratories, other specialties which move into these
areas. But I come back to my previous answer. I think
it would be foolish for us to allow a completely
unstructured and ad hoc development of these
technologies through the NHS. The time has come
for us to start to discuss what is the best service
configuration. If we can do that, then we have much
a better handle on retaining quality in this sector. You
touched on the private sector provision at the
beginning of your question. I think it is essential, if
the private sector are coming into this area, that the
same kind of quality parameters apply to them as
apply to the NHS laboratories. The other part of
your question was about interpretation and I think
that is a very good point. It is true that the laboratory
manipulations are fairly well controlled up to now
and that we have a good handle on quality, but as we
generate more and more data, the task will shift and
the emphasis will change from the generation of
genomic data to its integration and interpretation.
We have to start to apply the same kind of quality
parameters to the electronic informatic tools that will
be brought to bear in that area and to the handling
tasks for information as we apply to the wet lab
operations currently. So, yes, there is a need for a new
focus on quality on these informational tasks as well
as the wet laboratory tests.

Q251 Lord Colwyn: We were in America three or
four weeks ago and we were already beginning to
hear of genetic testing, the same sample being sent to
two diVerent laboratories and coming back with two
diVerent answers. I imagine that is inevitable.
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Professor Bobrow: It should not be inevitable.
Dr Elles: That is the whole point of external quality
assessment. External quality assessment works by
sending the same sample and asking the same clinical
question of say 30 laboratories. The answers that
come back should be all the same. We know from
experience that maybe two per cent of labs do not get
it right.
Chairman: Is it possible that while the tests might be
carried out in the same way and you could be fairly
confident about the quality of the way the tests are
carried out, the interpretation might be diVerent?

Q252 Lord Colwyn: That is what I am getting at.
Dr Elles: External quality assessment can measure
interpretation as well as the simple laboratory
manipulations. That is a strong emphasis on our
external quality assessment schemes. That element of
assessment of laboratory quality will need to be
developed more actively.

Q253 Lord Krebs: As I understand it—I hope I have
this right—in some parts of the NHS, diagnostic and
other testing services are outsourced overseas, for
example. Is that either currently or in the future likely
to be the case for genetic testing? What are the
implications of outsourcing overseas for quality
assurance?
Dr Elles: We know from an OECD survey that I was
involved with that of over 800 laboratories, over 18
diVerent OECD countries, 60 per cent or so either
received or exported samples across national
boundaries, so there is a huge trade internationally in
genetic testing already. That is why the OECD was
interested in quality assurance, so that they could
start to develop some minimum quality standards
and so that the patient could have some reassurance,
even if their test was sent overseas, that there would
be an equitable expectation of quality. I think we are
a long way from achieving that but at least those
standards have been derived.

Q254 Lord Krebs: How are they checked? I can see
the standards might be expressed in a document but
how do you go and check in the remote part of the
world where the test is being carried out?
Dr Elles: One answer is that there is starting to be
developed an international database where you can
go and look at a laboratory and look and see what
quality assurance measures it has in place. If you are
choosing a laboratory to send a sample to, to refer a
patient to, you have a source to help decide whether
this is a quality assured laboratory or not. But the
provision is very patchy. As I said at the beginning, in
the UK I think I can say that 100 per cent of
laboratories in the Genetics Centres are accredited,

and that is a badge of quality. In Europe the number
might be more like five per cent.

Q255 Chairman: Does the OECD define
terminology and quality standards?
Dr Elles: The OECD has encouraged the adoption of
current terminologies. These terminologies are
available through, for example, the International
Standards Organisation and we should all be
working to these terminologies. But terminology is a
huge problem. That is one of the things we discovered
during this OECD inquiry.
Professor Trembath: I want to be sure that it is clear to
the Committee that one of the principal drivers for
currently sending a significant proportion of genetic
tests to locations outside of the UK is the rarity with
which these tests are requested, and, as a
consequence, the diYculties of establishing those
tests in their entirety within the current UK
configuration of laboratories. If you were asking the
question, as I believe you were: “Would this be
equally true for genetic tests developed in relation to
more prevelant disease?” de facto, if they are
common and frequently requested, it is more likely
that those would be established within the UK if it
were cost-eVective to do so.

Q256 Lord Krebs: I really want to pick up on some
of the conversations we have already had about the
configuration of the NHS to deliver genetic testing. I
notice that in the submission from BSHG, in your
first two recommendations, you recommend that the
NIHR “supports a programme to evaluate and
implement individual genetic diagnostic tests within
the NHS and that the Government plans for the
resource needs” and you also refer to “links between
Pathology Modernisation and Genetics” and that
“the NHS should commission a Health Technology
Assessment of Next Generation Genome
technologies”. If you bring all that together, could
you elaborate on what you think the requirements are
for a Health Technology Assessment and what
outcomes you might expect and by whom that should
be delivered?
Dr Elles: We have reached the point where there are
some very exciting, perhaps even frightening,
technologies which are starting to become available.
People are giving a great deal of thought as to
whether they should go out and purchase a next
generation sequencer which could generate terabytes
of data and how they might apply it to health care.
Since the initial rush of excitement maybe a year ago,
there has been a fall back and a feeling that we are still
awaiting a generation of instrument which will be
more configured towards health care purposes rather
than research purposes. But there will come a
moment—and it may not be far oV—when these
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machines come on the market configured for health
care purposes, and at that moment the NHS will need
to take a serious high-level look to see how they could
best fit into the kinds of uses we have been discussing.
It should not be left to chance and should be not left
to local assessments. This is a very fundamental
question for the whole for the NHS and so the NHS
needs to find a way to do that. We have a core
experience of technology assessment in genetics
through the National Genetics Reference
Laboratories, but they may require networking and
some pump-priming and some additional resources
in order to be able to do this job correctly. In answer
to your question: “What outcomes would we be
looking for?” I think we need to ask the question:
“Are these machines configured to answer the clinical
questions which are currently on the agenda?” and
not go oV into science fiction land and start to look
for outcomes of tests which do not exist.
Professor Trembath: The response is rather focused
around genomic sequencing technologies but in
many ways we have more pressing and immediate
examples of this. I am sure you have heard of the
applications of comparative genome hybridisation:
the ability to compare genomes and, through that,
rapidly identify levels of changes within the genome
that previously were rather hidden to standard
approaches, particularly cytogenetics. This
technological advance is poised to transform
completely the way in which cytogenetics operates.
Ron has been involved in developing at least views on
what is required in the assessment of this. Essentially,
one is then absolutely talking about not only the
introduction of the new technology, the utility of
which we within the academic sector have amply
demonstrated, but it also has immediate
consequences for the total configuration of a well-
established laboratory service; namely cytogenetics.
It remains the case that we do not, I believe, have an
appropriate instrument to evaluate that and allow
those dramatic changes to be put into practice in a
way that can be appropriately validated.
Professor Bobrow: It is slightly interrupting that
conversation but I wanted to undetribalise now. I
want to be able to stand back from what seems to me
to be in danger of developing into a discussion of
genetics laboratories. I think that the issues that you
have on the table here are mostly issues of diagnosis
of common disease which really rather transcend
what the traditional genetics laboratory went into. I
come from the genetics labs. A great bunch of people
they are and they do a terrific job, but that does not
mean that that is the way that everything that is based
on a DNA test is necessarily best done in a genetics
laboratory forever. I do not know whether it is or not.
The point I wanted to make very briefly is that the
same technologies are applicable and are becoming

applied, not only in haematology but in microbiology
and in virology and, of course, in tissue type—

Q257 Chairman: I think Professor Bobrow you were
in full swing when we were interrupted by the fire
alarm. I think you were somewhere between
microbiology, haematology and specialised genetic
labs.
Professor Bobrow: My view would be that at this stage
the technology platforms, the actual bits of test that
are being done, are much broader in their potential
application than the things that come under genetics
in the simple sense of the word, and that their
introduction, their management, their appraisal, and
all the rest of it, should perhaps be thought of in that
rather broader context. I would take it as read that
any laboratory delivering clinical services should be
properly accredited and properly quality controlled,
and there should be no doubt about any of those
issues at all, and there should be expertise to deliver
a proper interpretation. Just to finish that, the thing
that gives me diYculty in thinking about your
question, Chairman, is that we are trying to imagine
systems for introducing and regulating a set of test
parameters which to me at the moment fall into two
rather separate categories. There are updated
replacements for things we already do, such as arrays
in cytogenetics, and there is this imaginary predictive
medicine whose form is just beyond me at the
moment. I do not know how many such tests of what
value will be introduced and when, and so I have a lot
of trouble in answering who should control it and
which body should regulate it. I think someone needs
to stands back far from laboratory services in the
NHS and think about it at a higher level.
Dr Zimmern: I wonder if I might commend to your
Lordships the distinction which I found helpful
between an assay and a test. The assay is the
measurement. Asium(?) sodium is a measurement;
creatine phosphokinase is a measurement; what
comes out of a sequencer is a measurement; they are
all assays, and Rob has already talked about the
quality control of that. However, the test in the last
few years I have been defining as an assay is in the
context of a particular disorder or a particular
population and for a particular purpose. That is, if
you like, interpretation, so the assay, if you like, is the
measurement and the test is the interpretation. When
it comes to regulation, although the MHRA say they
regulate tests, in fact they cannot regulate tests; they
regulate assays. They are there to show that the
device is both safe and measures what it purports to
measure. I would suggest that in the context of a
genetic test we are talking about these things that
come out of whole genome studies with relative risks
of 1.1. Never mind the utility of it, there may be zero
utility, I believe the issue for the MHRA is to ensure
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that that association, no matter how small, is real
because if that association is not real, they are in my
view a provider selling a fraudulent test. However, if
the association is real then the fact that it is of zero
utility is not the remit, I believe, of the MHRA
because they regulate devices, so there is therefore a
regulatory gap because then who regulates
interpretation? I speak of this in the context of these
over-the-counter tests or these Internet tests. I have
been thinking about this for some months now and it
seems to me that we do have a system in clinical
practice. It is the professional bodies that regulate
interpretation. If Richard gets it wrong and someone
makes a complaint, it is the GMC, or if it is a genomic
scientist who gets it wrong, it is the appropriate
professional body. I am now wondering whether we
really need to think about ensuring that for these
companies that provide both the measurement and
the interpretation there should be some form of
system whereby they are obliged to provide the name
and the experience and the professional body of the
individual who on behalf of that company is doing
the interpretation, and to separate out issues of
regulation and interpretation from issues of
regulation of the assay.
Chairman: You all seem to nod in agreement. In a
way you have answered a later question we have
which is about who regulates direct-to-consumer
testing and who provides the advice in terms of the
interpretation of those tests.

Q258 Lord Taverne: Can I anticipate and go on to a
further question which is very much linked and that
is the PHG Foundation has written in its evidence
that “ . . . advances in genomics are unlikely to enable
a person to be given a precise, individually tailored
diagnosis or disease risk.” As you know, the body I
am concerned with—Sense about Science—has been
very much concerned about the people who try and
commercially produce these tests and which have
rather unfortunate results. I cannot remember
whether it is the PHG Foundation or BSHG that
warns against the danger of over-regulation but the
regulation of these kinds of dangerous tests is really
quite important, is it not?
Dr Zimmern: I suppose I am less concerned myself
than some people, because these are really lifestyle
tests and at the end not too much damage is going to
be done except to wallets. But there is another sense,
as I have said, where there is a regulatory gap. When
I said advances in genomics are unlikely to enable a
person to be given a precise, individually tailored
diagnosis or disease risk, it was very much in the
context of what Martin and others have said; namely
that such low relative risks cannot possibly be of any
use if you think about it as a test whose function it is
to discriminate. However if the gene disease

association is real you cannot get away from the fact
that if you have that genetic variant you are a
member of a sub-population with a five per cent or
three per cent or two per cent higher risk of asthma
(depending on the relative risk). If an individual in
this country chooses to have that as a piece of
information, provided it is real, I myself have no
objection to that. The issue comes because at the
moment we know that a lot of these tests are being
done where the gene disease association has not even
yet been confirmed. They are fraudulent in that sense.
But assuming that they have been confirmed to be
real, then the issue is whether we should be stopping
companies from selling them because people might
just want to know that information. My own view is
not. But if providers attempt to interpret and give
medical advice, that is when I think the dangers start.
I see nothing really in a free society to suggest that we
should stop people from knowing that they have a
two per cent higher risk of asthma or a four per cent
lower risk of heart disease. It is totally useless
information; the issue is should they be prevented
from getting it?

Q259 Chairman: Who should regulate so that
inappropriate tests are not carried out? It is fine when
you have the association but if we do not have the
association?
Dr Zimmern: I believe that the MHRA can make that
the standard because what the MHRA says and what
the European Directive requires them to do is to show
evidence of proper test performance. What Dr
Susanne Ludgate, who is the Medical Director, has
always said to me is that tests providers are only
obliged to provide evidence if they make clinical
claims, so if they do not make clinical claims they do
not have to provide the evidence. Then when I try to
push and ask what is the standard of evidence that the
MHRA requires when a clinical claim is made, I get
no satisfactory answer. What I am suggesting is that
the standard of evidence should be that the gene
disease association has been replicated, and shown to
be a real association according to scientific standards.
I do not honestly believe that the MHRA can go
beyond that requirement, because once you go
beyond that you are into multiple issues of clinical
utility that they cannot possibly control.
Professor Trembath: A very brief comment on that, in
actual fact, certainly within the academic sector, it is
virtually impossible to publish these associations
unless you have replicated them, so in some ways that
becomes the entry point.

Q260 Chairman: Our understanding is quite clear
that once the science has worked out that there is a
gene disease association those are the ones that
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MHRA or somebody should be involved in
regulating.
Professor Trembath: Yes.
Professor Bobrow: It is an Advertising Standards
Agency-type comment that it is not only as Rob said
but also the interpretation which is given by the
company needs to be both accurate and put into
some reasonable context.
Chairman: That is the second problem.

Q261 Baroness O’Neill of Bengarve: Lord
Chairman, could I ask Professor Bobrow a little bit
more about that. What context would one be putting
it into? If I discover—and it may be correct—that I
am a member of a population which has a five per
cent greater risk than the population risk, it seems to
me that I know nothing, in that I may of course in fact
be a member of that sub-population who if you were
to do a variety of further tests would be revealed to
have a lower risk than the average member of the
total population. The question is: what standard of
presentation of these supposed risk levels would be
something that would meet advertising standards? I
am not at all clear what that would be.
Professor Bobrow: Nor of course, as you know well, is
it easy to simply give a tick list. One could relatively
easily set out what would happen in a genetics clinic
as an example, so you would want to have both a
relative risk and an absolute risk in order to put it into
a population context, and you would want a clear but
brief explanation of what you can do to modify or
alleviate that risk and whether it is likely to work.
Whether you could seriously regulate at that level of
complexity I just do not know, which is why my
instinct is that it is more a question of professionals
being ready to go for people who make misleading
claims in an ASA-type situation rather than trying to
set an envelope for regulation. I know that is lily-
livered but I cannot think of an easy way out of it.
Could I make a distinction. I think the web
companies oVer two distinctly diVerent products. If
you look at things like deCODEme and the 23andMe
website, a lot of their emphasis is on doing your
genome so that you can go and find out whether some
chap you have met is your second cousin and other
things of that nature. It is scientifically valid, it is
medically irrelevant and I think it is very much a
question of if you want to blow £1,000 on that, it is
your business. That needs to be distinguished from
people who are making medical claims which is the
equivalent of giving medical advice.
Dr Zimmern: May I add one thing to Baroness O
Neill’s question about labelling. The reality is with a
medicinal product the label is on the box and you buy
the product and you see it. With a diagnostic product
the end user never sees the label; this is a real issue
that needs to be addressed. The other point is that the

Global Harmonisation Task Force in the last two
years has been looking at medical devices and, in
particular, the risk characterisation of medical
devices. They advise that medical devices sold direct
to the public should be at one category higher than
devices that go to professionals, just by virtue of the
fact that being sold direct to the public requires the
scrutiny to be greater and the obligation to truth in
labelling to be greater.

Q262 Lord Krebs: If I just pick up on this last bit of
discussion. It seems to me that what you are both
proposing, Professor Bobrow and Ron, is a
distinction between regulation by a regulatory
authority of the assay and self-regulation of the test
or the interpretation. Self-regulation implies
transparency by the provider about their own
mechanisms of quality assurance and what the
qualifications are of the people who provide the
interpretation. I think that is the distinction you are
drawing but I guess further to that, and I am now
thinking of analogies with claims in other areas,
particularly one that I used to be involved in, the
health claims of the things that are sold by Holland
& Barrett where glucosamine sulphate may alleviate
joint pains, that will become regulated but previously
was unregulated. There was a voluntary initiative by
the industry to present certain evidence and to abide
by a certain code. Is that the sort of framework you
would envisage? It was called the Joint Health Claims
Initiative. It has now been superseded by European
regulation. Is it a self-regulatory code like that that
that you are envisaging?
Professor Bobrow: It was certainly the sort of direction
I was moving in. I think your analogy is a very apt
one and I have used it myself in the past. If you are
really worried about people being mis-sold on the
basis of health claims, genetic testing is not the place
to start. There is a whole industry of alternative
medicine that is orders of magnitude worse.
Chairman: But our focus is on genetics. Lord Broers?

Q263 Lord Broers: Just to comment but surely this is
fertile ground! I am going to get down to technology
now. Genomic science needs massive computer
storage capacity, high band width and great
computing power and expertise in information
technology. Where is the need greatest for upgrades
in IT, and what are the most urgent priorities?
Professor Trembath: May I just have an initial
response to that because I have to say I think this
question has to be put into the context of IT within
the NHS per se. We are still very far short of having
the appropriate instruments to maximise on the
information that is currently embedded within the
NHS and patient care and this is just a further
dimension of it, so I do not really know that there is
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a specific here that is any greater than the general
problem of Connecting for Health which we have
failed to deliver at this stage.
Professor Bobrow: I am taking too much air time. You
have got more expertise sitting next to you than I
know of myself. I thought it was a very interesting
question. As I thought about it, I truly am not sure
whether we are going to need massive computing
power in the NHS. When you are doing research
where you are trying to dredge for data amongst these
largish data sets there is big computing, although
probably not big by some of the physical sciences’
standards. Once you get down to defining 5,000
genetic markers which might be relevant in a variety
of disease situations you are dealing with less
information than one high resolution photograph, so
I am not yet clear whether we are in a diagnostic
setting going to need really massive computing power
as opposed to image processing power which—

Q264 Chairman: You might need to do comparisons
with large data sets.
Professor Bobrow: It depends what you call a
diagnostic setting. I think that once you have got an
absolutely established correlation and what you are
saying is if we test for this, this, this and this and mix
it up in some algorithm that will give us a risk
prediction for Bloggs, the lab is actually not handling
a vast amount of data in the way that an astronomer
would be. I am shooting my mouth oV in a field where
I am not expert but that was my reaction after some
thought reading that question and I would be
interested to know whether real experts disagree
with me.
Dr Elles: I think what has been said is true. The task
of crunching terabytes of data will follow wherever
the terabytes of data are generated, so it is a feasible
model that huge quantities of data production will be
outsourced from the NHS. I think that model needs
to be examined and not immediately discounted. I
think a more immediate need, in some ways, which
faces us day in and day out, is increasingly that we
find variants in the DNA sequence of patients and we
are not always sure what that variant means so it is
the task of the laboratory scientist to try and interpret
that by comparing whether for example that variant
has been seen in another laboratory in the UK. That
search may need to go much further afield and ask
where in the world has that variant been seen; is it
associated with the condition; can we produce a
sensible clinical report for that patient. The tools
which we have are relatively imperfect but the
problem is a lot of those tools and a lot of the gene
specific data bases have been developed for research
use. We have talked about quality assurance, and
often there is very little quality assurance in the data
that is going into those research repositories. Yet we

are starting to need to use them for healthcare in the
patient care pathway, so we have got to start to draw
attention to the need to translate these research tools
into healthcare and apply the same kind of quality
standards as we would expect in other areas of
healthcare. Another problem is that these tools, if
they are in the research context, are often unstable, by
which I mean the research funding ends and the tool
disappears oV the web and we are left high and dry in
terms of not having a tool that is useful for
healthcare. The emphasis has got to shift in some
ways from the wet lab generation of data to the
informatics and to making sure that these tools are
quality assured and stable and fit for healthcare
purposes. Another area which has not been touched
on anywhere here is the question of where are we
going to get the expertise in order to be able to access
that data, to integrate it, and to interpret it at the
laboratory level. We need a whole generation of
bioinformatics-trained people, the brightest and the
best, if you like, from the world of bioinformatics to
come into healthcare and to help us interpret this
genomic data. One problem which we perceive is that
the current reform of training for healthcare scientists
is to an extent making a straitjacket which I hope will
not preclude us from being able to employ within the
NHS bioinformatics specialists and turn them to the
task of using their skills for healthcare. This is of real
concern amongst BSHG members.
Dr Zimmern: Two points if I may. One concerns
informatics. Bioinformatics is about doing the
science; multi millions of pounds have been put in.
Clinical informatics, what the NHS is doing, is again
a multi-million pound industry. But there is a gap
between the two and I have always felt that nobody
has paid any attention to producing an informatics
base for the evidence. If you like, you could call it
knowledge informatics. Not a single pound has been
spent on this, so bio- and clinical informatics are not
being bridged. That is the first point. The second
point ties up with what Rob has said about not
enough bioinformaticians. I have for some years been
concerned by the fact that, unlike doctors or nurses
or physiotherapists, where there are institutions
responsible for their manpower planning, nobody is
responsible for the manpower planning of genetic
epidemiologists, bioinformaticians, biostatisticians,
health technology assessment experts and health
economists who have an understanding of genomics.
Surely someone must take that responsibility. It is not
good enough just for the MRC or Wellcome to say
“We run fellowship programmes”. That is for the
crème de la crème. I am talking about the basic
jobbing epidemiologist and bioinformatician and
biostatistician. I suggest we do need some idea of how
many we need five or 10 years down the line, because
I genuinely think that without these people and HTA
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people who understand genomics we are not going to
get that translational shift.

Q265 Lord Broers: I guess you have answered one of
my questions which I was going to put colloquially;
do you need more geeks or more kit, and it seems you
need more geeks and that kit is not really the
problem. These are rather sophisticated geeks of a
new type but they are nonetheless expert.
Professor Bobrow: Yes.

Q266 Lord Broers: My next question is: will we get
to a position where sequencing is low in cost enough
and easy enough that we will include in everybody’s
health record their complete genome sequence?
Professor Bobrow: It will be cheap enough but why
bother?
Lord Broers: Why bother, all right.

Q267 Baroness Perry of Southwark: The Americans
are talking about doing it, so we were told, they are
seriously talking about every baby being sequenced
at birth or within a few weeks of birth.
Professor Bobrow: From the viewpoint of someone
who is selling the machinery I can entirely see the
answer!

Q268 Chairman: This was NIH; it was not
somebody selling it.
Professor Bobrow: Serious people have discussed it. I
remain unconvinced that it is worth generating three
gigabytes of data in order to capture 100 important
points.

Q269 Chairman: All right, from a public health
point of view, Dr Zimmern?
Dr Zimmern: I was on the working party that
considered this. It was called, rather nicely, the
Barcoding Babies Working Party, and I think we were
very much against it for exactly all the reasons that
you have said. Maybe in 50 years’ time.

Q270 Chairman: 50, not 10?
Dr Zimmern: Certainly not 10 but at the moment I see
absolutely no sign. There are really important
practical ethical issues, such as consent and often
matters that should concern us at present; so perhaps
barcoding adults at the age of 16 when they are able
to give consent maybe, but certainly not barcoding
babies.
Baroness Perry of Southwark: Meanwhile most of the
adults will be in the forensic database to which there
is no access!

Q271 Baroness O’Neill of Bengarve: We have heard
quite a lot of evidence from you and from others of
the increasing amount of genetic testing, and also it

has already come up to today that somebody has to
commission all these tests and interpret them. Do we
have in the NHS the right skill mix, the right health
professionals in other specialisms outside medical
genetics to take on responsibility for commissioning
and indeed for interpreting where maybe it is not a
clinical geneticist who does the clinical interpretation
for a particular patient?
Dr Zimmern: Certainly not at the moment but it really
is an uphill struggle. I think first of all on the provider
side—and my colleagues will be much better placed
to comment—we need to think seriously in the
context of genomic medicine about subspecialties
and the accreditation of specialists whether
cardiologists, dermatologists, neurologists or
dermatologists, “with an interest in,” because I think
that when you deal with medical genomics as
opposed to clinical genetics, (and that distinction is
important because clinical geneticists deal with
inheritance and with the families, whilst with medical
genomics what we are talking about primarily is
using genomic technology for the benefit of the
patient in front of the physician treating that patient)
we will need to really gear up and make sure that a
proportion, and it may be a small proportion, of
people in each specialty is appropriately trained to
understand genomics. I have no idea how much
training they will need. Martin or Richard will
comment: will 12 months be enough or 18 months? In
general practice I think the issue is more about the
general practitioner understanding risk, conditional
risk and probabilities. They are already using such
concepts in cardiovascular disease prevention; the
question is where do we go from there? I do not know.
Commissioners have very, very poor understanding. I
started public health genomics in 1997 with the word
“genomics” at the forefront of my thinking; but
actually it is not about genomics; it is about putting
modern biology back into public health, and I think
one of the sadnesses about public health in this
country is the eschewing of the medical model of
disease, of understanding cellular and molecular
biology in favour of a social model of disease. It is
important therefore to bring the two together again.
I think that is something that really needs working
on. I have been totally unsuccessful in getting my
public health colleagues to focus on this. I have tried
to suggest that we might have in every single strategic
health authority one public health physician who is
skilled in this area. PCTs are focussed on other
priorities, at issues of inequality and so on, and
biology is just not getting onto the radar of service
public health. Academic public health is totally
diVerent; there are lots of excellent academic groups
working with geneticists who do the work. They are
the people that need to input more into
commissioning and it is just not there at the moment.
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Professor Trembath: I think we have already touched
on the issue that within laboratory services in the
introduction of these technologies—and we would
assume this is accepted—they will come with the
necessary quality controls. NHS laboratories will not
introduce a new approach to something without
recognising the need for those quality controls and,
as a consequence, the necessary training both in the
development of those technologies but then in the
context of their interpretation. Within medicine I
think the comments that Ron has made are pertinent
right across medicine. I do not believe clinical
genetics is any better placed to interpret at least those
who are in the delivery of clinical genetics because
they are predominantly outside the sphere in which
any training has been provided to a standard clinical
geneticist. I think it is really in the context of training
across the breadth of the medicine and that is in
discussion.
Professor Bobrow: Could I just make add one very
brief comment to that with which I entirely agree.
The degree of skill that the bedside doctor needs in
interpreting is utterly dependent on the kind of report
that comes back from the laboratory and the better
the latter the less the former is an issue. Of course we
want everyone to be fully up-to-date on everything all
the time but in the real world it is easier to get to the
report issuer.

Q272 Chairman: Would you not expect, particularly
for genetics, that the report would have come with the
interpretation?
Professor Bobrow: I would absolutely say that is the
point at which to make it work properly, so that you
do not expect the physician to have to do a lot of
complicated stuV for which they were not trained
when they qualified 20 years ago.
Dr Elles: Laboratories for a long time have taken this
issue very seriously and you can imagine just sending
back some string of numbers and letters back to a
physician of almost any type is almost completely
useless, so the scientists have to integrate the
information that they get from the referring doctor
about the clinical parameters which led to the
referral, the genotype and the interpretation of the
variant to generate a modified-genetic risk for the
patient. We have seen this as our job for a long time.
I think that as this business grows this should
continue to be a focus of what the laboratories do.
That is why I think we need scientists who can go out
there and search databases nationally and
internationally and interpret and make best use of
that variant data that they generate.

Q273 Baroness Perry of Southwark: Following on
from that discussion, within the specialty of medical
genetics genetic counsellors are playing a substantial

role and are clearly very important. Do you think
that that would also carry through to specialisms
other than genetics? Would there be counsellors
there?
Professor Bobrow: Everyone is being so quiet! There
are already specialist nurses playing an enormous
role in diabetic clinics and prenatal, all sorts of places.
I can see no reason at all not to assume that that is a
sensible way to go.

Q274 Baroness Perry of Southwark: It follows very
much from your point that the genetics specialists
themselves probably do not have the expertise in lung
or skin or whatever to give a great deal of detailed
counselling to patients, and maybe there is a bridge
between the genetic information and the specialism.
Dr Zimmern: I think the key is the distinction between
what you do in the context of an inherited disorder
and what you do in the context of complex disorders
where the information being presented is just risk
information. By tradition more than anything else
(and there are good reasons why for inherited
disorders like Huntington’s you need special people
called genetic counsellors). Genetic Counsellors are
an important element of clinical genetic practise. But
are they required in other specialities? Just because
the technology used is DNA based technology rather
than biochemical technology, would you really need
a special person called a counsellor to interpret your
cholesterol level or your blood glucose level? If you
look at it in those terms, it sounds crazy. In the
common complex disorders we are just talking about
risk, so to me the issue is about getting all physicians
and all nurses better trained in an understanding of
risk and the delivery of risk information.

Q275 Chairman: How much is it a reality that will
happen? Is it ever going to happen?
Professor Bobrow: It is definitely happening. It is not
terrific but it is certainly happening. There is no
question—

Q276 Chairman: You are struggling I sense.
Professor Bobrow: There is no question that medics
and even the nurses in the wards today are infinitely
better informed about genetics than they were when
I was a lad when they were not born. There is much
more knowledge but it takes a generation for the stuV
to seep through.
Dr Elles: There is a role to give them help and
assistance, by which I mean desk top access to
accredited information sources; they may not need to
know everything but they need to know where to get
the information and where to get information that is
reliable. There are some good examples of expert
systems which have been put in in a primary care
context, for example, to help the nurse make a
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preliminary assessment of a family history of breast
cancer. In many cases patients can be reassured but in
some cases nurses just need to recognise the limits of
their knowledge and where it is necessary to refer on
to the doctor and maybe refer to a specialist service.

Q277 Chairman: Do you think there ought to be
authoritative information available to the public in
terms of genetic risks and gene association risks?
Dr Zimmern: This is the idea, Lord Chairman, of the
Royal College of Pathologists and we recommended
that there should be a publicly accessible database.
We used the analogy of a patchwork quilt and we
used the Wikepedia analogy because this information
is not going to be there on day one, so as
information gathers.

Q278 Chairman: So who should be responsible?
Dr Zimmern: At the moment there is nobody
responsible for developing such a database and this is
exactly what I mean by the fact that we have
bioinformatics and clinical informatics but no
knowledge informatics in the middle to give that sort
of information.

Q279 Baroness O’Neill of Bengarve: To go back for
a moment to the quality of the report that interprets
the significance of genetics, that would suggest other
data for an individual. Should the setting of quality
standards there be a professional task? If so, which
professions, and should the same standards run
across the tests commissioned within a medical
setting and tests purchased for non-family history
reasons that are sold over the counter or across the
Internet?
Dr Elles: For many years the Clinical Molecular
Genetics Society and parallel societies in Europe have
been developing best practice guidelines and they
focus very strongly on the interpretation of genetic
variants. That is considered to be professional best
practice and is integrated into the training of
scientists. So why should the same standards not
apply to tests produced in the commercial sector? I
think if the professional standards are there and they
can be referred to, yes, they should be apply.

Q280 Chairman: Anybody else? In the earlier
questions, Dr Zimmern, you inadvertently began to
drift when you were talking about gene disease
association into environment. We have had some
comments that it is not just genes and disease and
gene disease association, it is the environment, so-
called epigenetics which are more important and we
are not putting enough weight on that side.
Dr Zimmern: I think that is absolutely right. When
public health genomics started as a specialty in 1997
I used to say the holy grail was about understanding

the concept there could be sub-populations
characterised by genetic make-up on which you could
apply diVerentially bog-standard public health
interventions. It was not, as I put it, about mucking
around with the genome; it was nothing to do with
dealing with DNA. My colleague, Dr Paul Pharoah,
has got a very good example of this. He says that
within a very few years one might be able to
understand the genetic risk of women with breast
cancer, and to segment the female population into say
four segments. One might then be able to give more
defined advice concerning mammography for
example, depending on one risk group. He uses as an
illustration that the absolute risk for a woman of age
50 of getting breast cancer in the subsequent 10 years
is something like 1.9 per cent. He has done modelling
on this. I cannot remember the exact figures, but if
you were in the lowest risk group you would not be at
that same 1.9 per cent absolute risk until you got to
the age of about 70, whilst if you were in the highest
risk group you would be at the same 1.9 per cent 10
year risk at the earlier age of 40. This is very crude
stuV and it does not take into account the diYculties
of mammography and the younger breast and all
that, but it does show that if we are going to be
rational about it, it might be to give the intervention
to women at the same absolute risk rather than willy-
nilly at a standard age of 55. It may even be that for
those at the lowest risk you might not recommend
mammography at all because the risks outweigh the
benefits. This is one very small example of how in the
public health as distinct from the individual clinical
context where we are agreed (perhaps paradoxically)
that there might be a greater potential for some real
action at a public health rather than at the
individual level.
Professor Bobrow: As a matter of clarification, is Dr
Pharoah talking of making a risk assessment for each
individual based upon a variety of genetic and non-
genetic factors?
Dr Zimmern: No, in this case the modelling was done
on the genetic factors based on all identified genes of
moderately low relative risk. He has shown that there
is six-fold diVerence between the highest and the
lowest risk group therefore he models that it is
possible to segment the population and give diVerent
preventative advice so that they get the interventions
at the same absolute risk.

Q281 Chairman: It is very interesting that you are
answering the question about how you interpret
diVerent risks in diVerent groups but my question was
more related to the eVect of the environment and
other issues on the genome or even genetics, for
example markers for disease.
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Dr Zimmern: In public health terms there is no doubt
that smoking and nutrition are going to be much
larger and more important; so with these risk
prediction models, you start oV with age and sex and
with smoking, and then you add on these other bio-
markers. What we do not know but we suspect is that
adding these biomarkers will not improve the risk
prediction that much, but it might improve it
significantly enough such that in certain
circumstances it might, I just do not know constitute
to management. If you had definite hypertension you
would take medication whatever the biomarkers
showed; but if you were borderline hypertensive, 145
over 90, is it possible that if you happened to have a
set of “bad” genetic variants you might decide to take
the pills but if you did not, you would not.
Professor Bobrow: For me this is a matter of assessing
risk in order to lead people down one of a number of
defined choices and I can see no logic in assessing the
risk due to genetic factors separately from the often
much greater risk implications of non-genetic factors
which seems to me part of the package, rather like in
screening for Downs where there is an awful lot of
biochemistry but age is still the dominant factor.

Q282 Chairman: Are we linking the two here? In
terms of implications to the Health Service we have
to link the two together; are we doing that?
Professor Trembath: I would argue that that remains
an academic activity at this stage because we are only
just now getting the insight into the genetic
determinants of what has to happen, but it is at an
academic level in the first instance the integration of
any information we might have with regards to
environmental exposure. The problem of course is
that in many instances our data sets are incomplete in
both domains. It is an academic exercise at this stage.
We do not have that information for the majority of
our common complex diseases to allow us to create
models on direct implications for the NHS.

Q283 Chairman: So until we have that knowledge a
devil’s advocate might say we should not make too
much investment in genetic sequencing or genetic
marker identification?
Professor Trembath: We need investment so as to
generate that knowledge but in the context of the
delivery of service then we have to await the
acquisition of that knowledge.
Professor Bobrow: With the exception that there are
some well-defined genetic conditions where Rob will
tell us that you do not want to stop investment
because we are still not that fantastic at doing
ordinary genetics.

Q284 Chairman: Okay, my closing question, if you
were asked what would be your three key strong
recommendations or areas of recommendation, what
would you like to see in our report as three key strong
recommendations? No promises they will be there!
Dr Elles: Lord Chairman, the message from the
BSHG is that the White Paper investment was a great
boost and recognised the strength of genetics in the
UK. That is five years ago now and if we are to realise
the benefits that have rolled on since then from our
knowledge of the human genome sequence then we
need to continue that investment stream. Genetics is
not a box that has been ticked. The ambition in the
White Paper of rolling genetics out to mainstream
medicine is increasingly happening, and genetics is no
longer confined to specialist genetics, and so that
theme within the White Paper has become a reality.
The second thing I would suggest, which is perhaps
more detailed, is that the volumes of information
which can potentially be generated should focus
investment in bioinformatics, and as has been said, at
this stage we would like to see more “geeks”, more
bio-informaticians coming into the area and for us to
avoid developing policies which preclude the
recruitment of specialist bioinformaticians into the
health service to help directly in patient care.

Q285 Chairman: You do not have to cover all three.
I was hoping you were going to assist us.
Dr Elles: That is probably enough.
Dr Zimmern: My three would be that first of all we
need to set up mechanisms for getting the data for test
performance and setting up systems or institutions
that will do their analysis, as we have discussed. My
second is really to pay attention to the distinction
between translational research, which I think we are
now actually through NIHR doing much of, and the
need to fund the actual nitty-gritty act of translation
and getting research into practice through working
with commissioners and so on. I think my third is
really a very general thing of avoiding genetics
exceptionalism. We have this working party called
genomic medicine but really it would be helpful if
your Lordships could emphasise that this is really an
iconographic name for modern biology and there is
nothing about the genome nothing that could be said
that should require genetic tests to be regulated in a
diVerent way to other forms of predictive testing or
anything else.
Professor Bobrow: I think I would start with the need
to formalise the place of diagnostics in medicine, and
that includes both the appraisal of diagnostics, the
commissioning of diagnostics, the whole bundle of
taking diagnostics as seriously as we have taken
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therapeutics in terms of setting objective standards
and monitoring them properly. That would
inevitably, in my view, lead us to consider a much
greater degree of integration of the laboratory
disciplines and break down this now century old
division into haematology and histopathology and so
forth and start bringing the processes together
because they are inherently similar and becoming
more so. I would keep the research going because we
are talking as though we have learned what there is to
learn but we are really at the beginning of the road. I
would definitely find some much more structured way
of that research including pragmatic trials of
diagnostics, which is the point that has been made
several times. It is almost impossible to get diagnostic
trials funded and unless you do it that way you never
get real evidence of the thing that Ron has talked
about. My third one is to keep training everyone
because in the end educated professionals answer
many of the questions that you are grappling with

Supplementary memorandum by the Foundation for Genomics and Population Health (the “PHG
Foundation”) and the Joint Committee on Medical Genetics (the “JCMG”)

Regarding the Use of Cell-free Fetal DNA (and RNA) for Non-Invasive Prenatal Diagnosis

Evidence addressing specific policy points:

— What is the state of the science? What new developments are there? What is the rate of change?

— Who is taking the lead in the consideration and co-ordination of research and the development of new
technologies?

— What is the role of industry?

— Are there any regulatory gaps?

Key Points

— Cell free fetal DNA (and RNA) is present in the maternal circulation during pregnancy and can be
used for non-invasive prenatal diagnosis of specific genetic conditions.

— Applications include: the determination of fetal sex and diagnosis of certain single gene disorders in
pregnancies at high risk of an inherited condition, typing of fetal blood groups (such as Rhesus D,
C, c, E and Kell) in order to improve pregnancy management, and potentially routine use for Down
syndrome testing of all pregnancies.

— Determination of fetal sex and Rhesus D typing in high risk women are already being used in UK
clinical practice at a few specialist centres within a limited setting.

— This technology potentially oVers safer, earlier and easier antenatal testing relative to current
standard practice, which raises a number of specific ethical and social issues, including equity of
access, patient autonomy and informed consent.

— There are a number of non-clinical applications of non-invasive prenatal diagnosis (NIPD),
including fetal sex determination for social reasons and paternity testing, which will require special
consideration and potential regulation.

and an educated public is by far the best defence
against charlatans.

Q286 Chairman: Do you want to add anything,
Professor Trembath?
Professor Trembath: Being the last it makes it very
diYcult, particularly following Martin Bobrow. As
an academic, whilst I certainly do not advocate the
notion and I cannot see the benefit of barcode
sequencing every baby born, I think the issue of
maintaining the research component is exceptionally
important, but thinking much more about this in the
context of patient populations within the NHS. I
think that overlaps very much with what Martin is
alluding to that this has to be established as its utility
for diagnostics and that means its utility within an
NHS service.
Chairman: Gentlemen, thank you very much indeed,
you have been most helpful in helping us with our
inquiry and we appreciate you coming in. Thank you.
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— A number of companies (both direct-to-consumer and professional service laboratories) are already
oVering NIPD, primarily within the USA for fetal sex determination.

— The technology is developing rapidly in this area, and the timeframe for moving the technique out
of a research setting and into full clinical implementation within the NHS will be within the next three
to five years.

— Public awareness of this technique is increasing rapidly and clinicians are already coming under
pressure to provide it, so in order to safeguard public trust and manage expectations, it is important
to keep the public informed about progress and aware of potential barriers to its adoption within
the NHS.

— Clinical and laboratory evaluations are essential to establish test performance and clinical utility
within specific clinical pathways before NIPD can be responsibly oVered by the NHS.

— Research is ongoing in the UK, and numerous professional and patient groups are involved
collaboratively to ensure the timely, ethical and eVective implementation of NIPD within the NHS.

— This technology provides an exemplar of the development, evaluation and implementation of new
genetic technologies into health care and will provide significant challenges associated with the re-
modelling of current prenatal antenatal healthcare pathways, ie screening and testing.

1. Introduction

1.1 The PHG Foundation is the successor body to the Public Health Genetics Unit, established in 1997.

1.2 The JCMG is an intercollegiate committee of The Royal College of Physicians, The British Society for
Human Genetics and The Royal College of Pathologists.

1.3 Following a request from the JCMG in 2007, the PHG Foundation established an expert UK working
group to review the use of cell-free fetal nucleic acids (DNA and RNA) for the purpose of non-invasive
prenatal diagnosis, and produce a strategy for implementation of this technology for diVerent applications
within UK clinical services.

1.4 This working group comprises representatives from numerous statutory bodies and professional bodies
including the National Screening Committee, several of the Royal Colleges (including midwives, general
practitioners, obstetricians and gynaecologists, and clinical geneticists) the UK Genetic Testing Network, the
Human Genetics Commission, regional and national genetics reference laboratories, as well as patient
organisations (namely the Genetics Interest Group and Antenatal Results and Choices).

2. Scientific Status

2.1 Cell-free fetal DNA (“cVDNA”) circulating in the maternal blood was discovered by Dennis Lo and
colleagues at the University of Oxford. It derives from the placenta, and can be detected in the mother’s blood
from five weeks gestation. The amount of cVDNA present represents 3–6 per cent of the total cell-free DNA
in the mother’s blood (the rest being maternal in origin) and increases during gestation; it is comprehensively
cleared from the maternal circulation within an hour of birth.

2.2 The prospect of a non-invasive test using a maternal blood sample which can be used for prenatal
diagnosis of specific genetic conditions is very attractive. It would be safer than current invasive methods of
prenatal diagnosis, such as amniocentesis and chorionic villus sampling, which carry a procedural risk of
miscarriage of around 1 per cent and can only be performed from 11 weeks gestation by specialist clinicians.
In contrast, cVDNA testing poses no direct risk to the health of the fetus, and may be performed earlier in
pregnancy from around seven weeks gestation.

2.3 Due to the relatively small proportion of cell-free DNA of fetal origin in the maternal blood, applications
for NIPD are currently primarily limited to those in which paternally inherited genetic sequences can be
detected—for example, DNA originating from the Y chromosome of male fetuses (which would not otherwise
be present in female blood). It should also be noted that, although the entire fetal genome is present in the
maternal blood, it is broken up into short fragments of DNA (generally less than 300 base pairs), so there is
an inherent limitation on the size of mutations that can be detected using cVDNA.
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2.4 A number of highly sensitive methods are also being rapidly developed to compare the relative
proportions of a particular genetic sequence, eliminating the need to detect only paternal sequences explicitly.
Early reports suggest that these technologies could be used to detect conditions which result from the presence
or absence of whole chromosomes, including Down syndrome, and may also be sensitive enough to detect
other clinically significant chromosomal imbalances.

2.5 Cell-free fetal mRNA (“cVRNA”) has also been detected in the mother’s blood, derived from genes that
are expressed in the placenta. Since a small subset of genes are actively expressed only during fetal
development, cVRNA also oVers an attractive target for NIPD and diagnosis of Down syndrome has been
reported as a potential clinical application.

3. Clinical Applications and Current Status in the UK

3.1 There are broadly four potential applications for which cell-free fetal nucleic acids (DNA or RNA) can
be used for the purpose of NIPD. The status of development of these applications varies enormously in terms
of the level of technical development and extent of clinical evaluation. The first two below are applicable to a
small population of pregnancies at risk of an inherited genetic disorder, whilst the last two could aVect routine
antenatal care for all pregnant women.

3.2 The first application is the determination of fetal sex in families at risk of a sex-linked disease, by detecting
genes present on the Y chromosome in male fetuses. This is primarily used for the purpose of reproductive
choice in families with rare X-linked inherited disorders, such as Duchenne muscular dystrophy, where only
males are aVected. NIPD can be used to determine the sex of a fetus from seven weeks and only pregnancies
with a male fetus will then require an invasive diagnostic test to determine whether the specific disease-causing
mutation has been inherited. It can also be used in the management of pregnancies aVected by certain
endocrine disorders, such as congenital adrenal hyperplasia, where early identification of fetal sex enables
women carrying female fetuses to continue with dexamethasone treatment, but those carrying a male fetus
can stop the medication. This application is currently available in the UK following referral by a geneticist or
obstetrician. A recent audit of the use of this technique in the UK (x160 cases) revealed that the test is 98 per
cent accurate when oVered after seven weeks, resulting in a 45 per cent reduction in the number of invasive
tests.

3.3 The second application is for detecting specific single gene disorders in families with a high risk of an
inherited disorder, often caused by a single point mutation. This application is currently limited to paternal
disease causing mutations that are not present in the maternal genome, including the diagnosis of paternally
inherited dominant diseases or mutations occurring de novo, such as achondroplasia, and ruling out a
diagnosis of recessive diseases in which the paternal mutation diVers from the maternal one (“compound
heterozygotes”) such as cystic fibrosis. Currently this application is accessed via specialist clinical genetics
services and is only available on an ad hoc basis from a very limited number of laboratories within the UK,
and considerable further development of the techniques is required.

3.4 The third application is the determination of fetal Rhesus D blood group status in Rhesus D-negative
women, by detecting the paternally inherited RHD gene. Currently this is done in those women at high risk
of haemolytic disease of the newborn, either because of a rising antibody titre or a previous aVected pregnancy.
The potential for routine fetal RHD typing in all D-negative women booking for antenatal care is being
explored in a study funded by the NIHR. Rhesus D-negative women are currently given immunoprophylaxis
(anti-D therapy) at 28 and 34 weeks gestation, to prevent possible sensitisation to a Rhesus D-positive fetus
and reduce the risk of potentially life threatening haemolytic disease of the newborn in subsequent
pregnancies. Early confirmation of fetal RHD status would allow those women carrying a D-negative fetus to
avoid unnecessary anti-D administration with its concomitant exposure to human blood products.

3.5 The fourth application is the detection of fetal aneuploidy (presence of an excess chromosome),
particularly Down syndrome (“trisomy 21”). This application is currently the least well developed, although
preliminary results suggest that this test could be highly accurate and larger scale trials are planned in the USA
next year. There are still several diVerent techniques under investigation, including high throughput “shotgun”
sequencing of fetal DNA and detection of fetal-specific RNA derived from the chromosome of interest. It is
currently unclear how the test will aVect the current Down syndrome screening programme, which is oVered
to all pregnant women in the UK (ca 700,000 per annum), of whom over 30,000 seek invasive diagnostic testing.
Depending upon the accuracy of the test, it could potentially complement or replace either the current
biochemical screening tests and/or the invasive diagnostic test which in turn will have a significant impact on
the recruitment, re-training and retention of clinical scientists and technologists currently providing these
services.



Processed: 29-06-2009 20:41:42 Page Layout: LOENEW [O] PPSysB Job: 411133 Unit: PAG4

157genomic medicine: evidence

4. Wider Issues

4.1 The improved safety, earlier detection and relative ease of testing using cVDNA technology raises specific
ethical and social implications, through an increase in the volume of diagnostic testing, should NIPD become
universally available. One of the major ethical challenges to implementing NIPD is safeguarding patient
autonomy and informed choice, which will require significant professional and public education as well as
clear policy and guidelines for good clinical practice. Managing expectations and ensuring equity of access will
also be critical to the implementation of NIPD in the NHS.

4.2 Whilst the introduction of NIPD for families at risk of inherited genetic diseases could be regarded as a
replacement technology, and therefore be seen to raise few new ethical issues, there are concerns over the use of
NIPD for conditions for which prenatal diagnosis is not currently oVered. Appropriate laboratory and clinical
evaluations are critical before the test can be oVered routinely, both to establish the test parameters (sensitivity
and specificity) and its clinical utility within a particular clinical care pathway.

4.3 The introduction of NIPD to routine antenatal care raises a number of specific issues, dependent upon
how the test is ultimately applied. If cVRNA were to replace the current Down syndrome screening
programme, for example, the move from a multistep process of risk stratification to a single-step diagnostic
test may have serious implications for informed choice, and possibly result in “routinisation” of antenatal
testing. The single step blood test, if suYciently robust and appropriately validated, could eventually prevent
the loss of several hundred essentially normal fetuses, which are currently miscarried due to invasive testing.

4.4 There are also a number of potential non-clinical applications of NIPD, including sex determination (and
selection) for social reasons and paternity testing. These raise the question of how liberal (or conservative) UK
society should become regarding reproductive choice. In particular, the extreme population skewing that has
occurred as a result of fetal sex selection in countries such as India and China, has raised concerns about the
use of cVDNA testing for fetal sex.

4.5 A full economic assessment of this technique has not yet been performed for any application, though it is
underway for fetal RHD typing. However, a cVDNA test currently costs around £250, which is likely to be
cheaper than invasive diagnostic testing but more expensive than the routine Down syndrome screening tests.
It is currently believed that fetal sexing using cVDNA in families at risk of an inherited genetic disorder is
approximately cost neutral.

4.6 A number of companies in the USA are already oVering NIPD for fetal sex determination on a direct-to-
consumer basis, and more companies are currently developing NIPD for other applications. The majority of
these services can be accessed via the internet and potential demand from the UK is diYcult to gauge. The US
diagnostics company Sequenom> is the major provider in this area, and holds an exclusive licence to most
of the key patents. Sequenom> has already launched a fetal Rhesus D laboratory testing service and is aiming
to launch a Down syndrome screening test based on cVRNA in 2009 (physician referral only) in the US.

4.7 Implementation of the technology within routine antenatal care will require an integrated approach from
a variety of stakeholders across multiple disciplines. Since the technology has the potential to oVer a diagnostic
test within a screening setting, existing clinical pathways will have to be modified and, in the short term, public
expectations managed. Statutory authorities such as the National Screening Committee and the Human
Genetics Commission are likely to be involved. Public access to this technology via the internet (without the
mediation of a health professional) highlights a current regulatory gap (shared by other types of testing such
as genetic susceptibility testing) and raises questions about the extent to which the NHS will need capacity to
support those independently accessing such services.

5. Leadership, Implementation and Future Research in the UK

5.1 NIPD using cell-free fetal nucleic acids is already available commercially for a limited number of
applications, and is likely to become more widespread within the relatively short time-frame of three to five
years. Further research and evaluation of these techniques is therefore imperative.

5.2 In March 2004, the Special Non-Invasive Advances in Fetal and Neonatal Evaluation Network (“SAFE”)
was funded under EU Framework 6 for five years to encourage multidisciplinary collaboration. This network
includes numerous investigators from the UK and has been instrumental in the development and evaluation
of NIPD.

5.3 A number of research projects are ongoing and starting in the UK, including an audit of fetal sex
determination using cVDNA, and the evaluation of routine early Rhesus D testing in non-sensitised women.
An application has also been submitted to fund an integrated and collaborative approach to development of
the technique over the next five years, for which a final decision is expected imminently.
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5.4 The expert working group, commissioned by the JCMG and facilitated by and represented here by the
PHG Foundation, will present its findings in early 2009. The Report will review the current scientific and
clinical status of cVDNA technology, explore the ethical, legal and social implications of non-invasive prenatal
diagnosis, and make recommendations for its timely and eVective implementation within the NHS. Major
recommendations will include development and implementation of appropriate clinical pathways, laboratory
standardisation and infrastructure development, continuing professional oversight, and formal evaluation
and long-term monitoring of prenatal testing. The Report will also highlight the urgent need for professional
education (particularly for midwives, obstetricians and GPs) and public engagement.

22 October 2008
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WEDNESDAY 2 JULY 2008

Present Broers, L Perry of Southwark, B
Northesk, E Taverne, L
O’Neill of Bengarve, B Warner, L
Patel, L (Chairman) Winston, L

Memorandum by the Human Genetics Commission

Summary

The Human Genetics Commission (HGC) welcomes the appointment of a sub-committee of the House of
Lords Science and Technology Committee, chaired by Lord Patel, to provide an assessment of genome
technologies and their actual and potential impact on clinical practice.

There are robust frameworks governing the conduct of genomic research in the UK and the HGC would not
wish the administrative burden on researchers to increase. Nevertheless, as well as its undoubted benefits,
genomics research has the potential to give rise to significant consequences for individuals, groups and society,
including the potential to give rise to unfair discrimination. Engagement with the public on these issues is
therefore important.

Genomics research can deliver substantial benefits in understanding drug sensitivity and adverse reactions.
Appropriate frameworks exist to govern clinical practice and clinical trials. Care must be taken, however, in
deciding which knowledge and products generated by research will be useful in clinical practice, and when and
how they should be introduced. There are greater opportunities to involve clinicians and patients in research
leading to the development of clinical interventions; there are also opportunities for greater collaboration
between the public and private sectors. Some examples of good practice are, however, emerging.

There should be a presumption that individual genetic information should be under the control of the person
to whom it relates; genetic solidarity and altruism implies a common interest in successful genetics-based
research. The accumulation and sharing of data that supports this research is desirable, but there should be
robust governance arrangements for databases that contain genetic information (examples of good practice
exist) combined with appropriate sanctions for improper use of genetic information.

More research is required to establish the utility of tests for susceptibility to disease as part of a clinical service.
The HGC continues to have concerns that there are real risks associated with tests marketed and sold directly
to the public, and this field is insuYciently regulated at present. The implications of genetic test results that
are intended to identify susceptibility to disease are, in general, poorly understood, and more information and
education at all levels, and in particular an increase in capacity of genetic counselling services, are required.

The Human Genetics Commission

1. The Human Genetics Commission is the UK Government’s advisory body on developments in human
genetics and their ethical, legal, social and economic implications. The Commission is sponsored by the
Department of Health, the Department for Innovation, Universities and Skills and the devolved
administrations of Scotland, Wales and Northern Ireland. The HGC’s terms of reference are annexed to this
submission.

Policy Framework

2. We expect the Government’s response to provide a descriptive account of the framework for informing,
setting and reviewing policy in relation to genomic medicine. We therefore oVer no comment on this except to
highlight the HGC’s own role and relationships.
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3. The regulatory and advisory framework for biotechnology was comprehensively reviewed by Government
in 1999. As a consequence of that review three advisory committees on human genetics—the Advisory
Committee on Genetic Testing, the Advisory Group on Scientific Advances in Genetics and the Human
Genetics Advisory Commission—were wound-up and the HGC established to take on their responsibilities.
There have undoubtedly been substantial developments in human genetics—in science, technology, their
application to healthcare and the institutions that support them—since the HGC was established. During the
latter half of 2007, the HGC underwent an independent review, the findings of which are currently with
Ministers and expected to be published during the present Inquiry. The review addressed the HGC’s
eVectiveness, necessarily in the context of the broader advisory framework of which the HGC is a part. We
expect the findings of this review to be highly pertinent to the present inquiry and would urge the Committee
to take account of them when they are published.

4. The HGC works within the context of devolution settlements for Scotland, Wales and Northern Ireland.
Government policy on human genetics is reserved to Westminster, but responsibility for National Health
Service (NHS) genetics services is the responsibility of each devolved administration. Although there are
diVerences in commissioning arrangements, the general pattern of service delivery is the same throughout the
UK. Issues, such as relations with the EU, which are more eVectively dealt with on a single UK basis, are
reserved to Westminster and ethical and legal matters relating to human genetics are also generally reserved,
along with policy and regulation relating to medical devices (including genetic tests) and the control of
medicines.

5. It is important to distinguish the ethical conduct of research from the ethical consequences of the research.
The conduct of research in the UK is governed by strict frameworks requiring the informed consent of
participants, research ethics committee approval and adherence to relevant guidelines and legislation (such the
Clinical Trials Directive, the Human Tissue Act 2004 and the Human Tissue (Scotland) Act 2006, and the Data
Protection Act 1998). We would wish to minimise the burden of this framework on researchers as far as
possible, consistently with protecting the interests of the public and the individuals involved. While the current
governance frameworks are robust, it remains important to continue to monitor their eVectiveness,
particularly in relation to genetic databases, where issues around consent for future use of data remain
problematic. The ethical consequences of the use of data generated by some genomics research, on the other
hand, are less well anticipated and may aVect our understanding of certain categories that are influential in
the popular understanding of our relationships, such as “normality”, “individuality”, “responsibility” and
“humanness”. Relatedly, the blurring of boundaries, for example between research and clinical practice or
between health and enhancement, and issues relating to data sharing, will continue to trouble current
conceptualisations and practices.

6. We observe that kinds of ethical questioning of new developments in genomics are not bound to national
jurisdictions, although there is often a close association between particular political, historical, religious, legal
and philosophical traditions and political territories; diVerent jurisdictions consequently struggle to resolve
ethical debates in their own particular ways. Conversely, it is equally important to recognise the pluralism of
modern British society, which owes much to its hospitality to co-existing religious, cultural and philosophical
traditions. These observations lead to two exigencies: on the one hand, to seek solutions, where possible, at a
supra-national level as the counterpart to increasing international collaboration in scientific research1; on
the other, to engage with a plurality of perspectives in the formulation of domestic policy in a way that
manages diverse values and any tension between collective and individual interests.

7. Alongside the policy framework there has emerged, over perhaps the last couple of decades, an ethical
framework that underlies policy development and a more-or-less established procedure for ethical reflection
that informs it. The framework has become substantially aligned with an interpretation of the rights enshrined
in documents such as the European Convention for the Protection of Human Rights and Fundamental
Freedoms (ECHR), and is typically mediated through a calculus of relevant and likely harms and benefits,
informed by evidence gathered from broad—usually public—consultation. This approach has proved eVective
in identifying workable solutions to potential conflicts between interests and values in the context of the UK
as a mature liberal democracy, underwritten by economic stability, and in which political secularism (or
tolerance for a plurality of value systems) prevails. We are supportive of the very specific attempts to include
public consultation in new areas of genomics research, for example regarding the UK Biobank and Generation
Scotland and continue to encourage public engagement and consultation in line with our own remit. In this
way, regulatory changes and be informed by, and indeed sometimes reflect, wider interests and concerns.
1 In this connection we note the development of ICH guidelines on Definitions For Genomic Biomarkers, Pharmacogenomics,

Pharmacogenetics, Genomic Data And Sample Coding Categories
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8. However, notwithstanding the relevance of the ECHR, this ethical framework does not formally constrain
the development of policy, and the UK has not implemented measures adopted in other countries and achieved
through, for example, adoption of the Council of Europe Convention on Human Rights and Biomedicine and
its protocols.2 At a purely domestic level, the HGC has also identified a need for genetic discrimination to
be recognised explicitly in anti-discrimination legislation, in particular the Government’s proposed Single
Equality Bill, prospectively to ensure fairness in access to insurance, employment, healthcare and other
public services.

Research and Scientific Development

9. Undoubtedly, scientific advance in genomics is exciting and potentially has a significant impact on clinical
medicine and human welfare. We recognise the advances in pharmacogenetics leading to improvements in
prescribing practice through the identification of validated genomic biomarkers for a range of conditions such
as HIV, cancer, psychiatric illness and cardiovascular disease. Frameworks related to Good Clinical Practice
and clinical trials apply globally. The United States Food and Drug Administration, the European Medicines
Agency (EMEA—which includes the Medicines and Healthcare products Regulatory Agency) and the
Japanese Pharmaceutical and Medical Devices Agency (PDMA) have all developed guidelines and procedures
to evaluate the use of pharmacogenetic information during the development and prescribing of medicinal
products. These three regions have also collectively produced ICH guidelines3 on pharmacogenetic
terminology in order to facilitate research by adoption of a common set of definitions and terms.

10. Some genetic knowledge may lead us to re-evaluate our current models for research, drug development
and clinical practice. The greater part, however, will need to fit in to the current framework for healthcare
delivery. We will only reap the benefits of these developments if we think very carefully about which tests to
introduce into clinical practice, and when and how this should be done. We are concerned that enthusiasm
generated by the ability to sequence the genome has the potential to obscure the challenges that exist in
understanding the data being generated, assessing its validity and utility, and deciding whether and how it
should be introduced into clinical practice. There is a danger of not recognising the contribution that clinicians
must make in order to realise the potential of genomic research to develop eVective interventions in clinical
practice. Other than in basic research, where the case is somewhat diVerent, we would therefore encourage the
inclusion of patients and, where appropriate, their families, and healthcare providers in evaluating research
proposals to address the translation of research into clinical practice.

11. The HGC believes there are important opportunities for greater integration of research activities between
the academic and clinical communities and the private sector to make best use of resources, including use of
research subjects. We note that in the US and Asia, for example, governments have promoted and supported
large-scale collaborative enterprises involving both public and private sectors. However, oversight is essential
to ensure that the interests of those, for example, with rare conditions are answered alongside the more
common conditions and those areas of research most attractive to the commercial sector. In addition, it would
ensure that the capacity of the pharmaceutical sector to process and analyse genomic information, and the
drug regulators to apply to pharmaceutical development, may be married with the expertise of, for example,
physicians in carrying out clinical trials, of clinical geneticists in relation to understanding disease-gene
relationships and with epidemiologists, statisticians and others in academic institutions.

12. The HGC is aware that certain conditions—such as the cost of postdoctoral funding in the UK and level
of incentive for academics to collaborate with industry on research projects under the proposed Research
Excellence Framework—are not currently optimised for collaboration between the pharmaceutical industry
and academia. We are encouraged, however, by the example of the Genetics Research Network being
developed in Scotland to bring together genetic clinicians, researchers and the biotech industry and provide a
forum for discussion that, it is hoped, will facilitate translation activities. A Public Engagement network will
run alongside this. Other examples are the Scottish Stem Cell Network and the recently established UK Stem
Cell Network. Finally, the newly emerging Academic Health Science Centres (AHSCs) may also have a
valuable role to play in translational research in the future.
2 Convention for the Protection of Human Rights and Dignity of the Human Being with regard to the Application of Biology and

Medicine: Convention on Human Rights and Biomedicine.(“Oviedo Convention”). In Inside Information (at paragraph 2.7—see note
4, below, for full citation) the HGC recommended that the UK Government take steps towards signing this Convention (although we
acknowledge that reservations would need to be entered in specific areas already covered by domestic legislation).

3 International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH)
guidelines on Definitions For Genomic Biomarkers, Pharmacogenomics, Pharmacogenetics, Genomic Data And Sample Coding
Categories—see www.ich.org/LOB/media/MEDIA3383.pdf
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Data Use and Interpretation

13. In its report Inside Information, balancing interests in the use of personal genetic data, the HGC set out a
number of principles for balancing the interests of the individual and the community.4 Two key concepts
described were genetic solidarity and altruism, and respect for persons. In considering the balance of interests,
the HGC firmly expected that individual genetic information should be under the control of the person to
whom it relates. However, the concept of genetic solidarity implies that we all have an interest in successful
genetics-based research. A number of recommendations in this document are pertinent to the present inquiry,
including that the governance of large, population-based genetic research and DNA collections should allow
for oversight by an independent body that is separate from the owners and users of the database. This
recommendation has been met in the establishment of the independent Ethics and Governance Council of the
UK Biobank, and the independent Generation Scotland Advisory Board, both examples of good practice in
this area. Biobanks provide the opportunity to understand the basis of health status in a given population and
if managed to a high research standard (both data and samples) will provide a unique resource for
epidemiological exploration. There is a case to be made for some standardisation of governance practices,
including methods and content of data collection, regarding genetic databases, particularly as they are
currently developing access policies regarding use of these research resources.

14. Whilst many research genetic databases contain sequence data that is anonymised, the nature of such data
is so individual that, in principle, it is possible to identify individuals by recognising common factors or
markers in diVerent databases. This will create new challenges from the point of view of data protection. The
HGC is aware of the valuable work of the European Bioinformatics Institute—which exists to ensure that
information from molecular biology and genome research is placed in the public domain and accessible freely
to all within the scientific community in ways that promote scientific progress—and of the concerns that they
have about this issue; and it is one that the Commission proposes to investigate further during its current
work cycle.

15. The Commission does not believe that it is feasible for separate arrangements to be made for the storage
of genetic information within the health service. The proposed integration of NHS records for clinical and
research purposes under the National Programme for Information Technology (NPfIT) promises an
opportunity to create a research and clinical resource of enormous importance, for example, in improving
patient safety through the active monitoring of safety and eYcacy of new and existing medicines, the
identification of disease patterns for allocation of resources, facilitating research on health outcomes following
intervention, and assisting the identification and design of clinical research programmes.

16. The generation and retention of genetic data have some unique implications, for example, some
information may be generated that is potentially of importance to other relatives, non-paternity may be
revealed or results may provide information about disease risk that may manifest in the future, but which do
not aVect the patient at the time of testing. Ensuring that this information is provided to the patient (and, if
appropriate, their family) in a manner that is easily understood and will be remembered is a complex process,
requiring specific skills on the part of the clinician involved. Increasingly these skills will need to be acquired
by staV working outside the Regional Genetics Centres as more testing is carried out by other healthcare
professionals or even initiated by the patients themselves (“over the counter” testing).

17. Genetic information pertinent to individuals needs to be available within their own hospital or GP medical
records while Regional Genetics Centres will continue to hold family records and, where necessary, take
responsibility for the identification of relatives who may benefit from genetic counselling and possible testing
once a specific mutation of clinical significance has been identified in a family. We believe that the requirements
of medical confidentiality and the specific considerations that relate to genetic data should be clearly
understood by all those with access to genetic information. At present, the potential for misuse (and
misinterpretation) is high whilst the general level of understanding remains low. While confidentiality pertains
to all personal medical information, additional concerns pertain to genetic information owing to its relevance
beyond the individual: there may, for example, be tensions between an individual who wishes to keep their
results private, and the potential benefits to relatives if they knew that there was a specific mutation within
the family for which they could be tested. We believe that renewed consideration should be given to the most
appropriate way of ensuring eVective sanctions, not excluding new legislative provisions, to support current
requirements for confidentiality.
4 Inside Information, balancing interests in the use of personal genetic data (HGC, 2002). More recently the HGC made a number of

comments relevant to this strand of the present inquiry in response to the recent Ministry of Justice consultation on the use and sharing
of personal information (see: www.hgc.gov.uk/Client/document.asp?DocId%142&CAtegoryId%4).
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Translation

18. The challenge for the future is translating the evidence derived from research into useful diagnostic tests,
prognostic information and therapeutic interventions. The Cooksey report identified two gaps in translation
research: one between the laboratory and the development of new ideas and products, the second in translating
new products and ideas into clinical practice. The greater part of translational research funding has, to date,
tried to address the first gap with much less attention being paid to the second. Observation of an association
between a genetic variation and susceptibility to disease at a population level, even if it is replicated in large
studies, does not necessarily imply any clinical utility for an individual.

19. We believe that more research is needed to generate evidence of performance in use so that this can ensure
that the data are appropriately analysed and evaluated, and that there is public access to the evidence. The
HGC applauds the work done by the UK Genetic Testing Network (UK GTN) in establishing standards for
determining the appropriateness of oVering tests within the National Health Services in the UK and similar
arrangements for prioritising new developments in the Scottish molecular genetics service. Complementing
this, in its reports Genes Direct5 and More Genes Direct6 the HGC makes recommendations relating to the
evidence that should be required before a test is brought to the private market and the necessity for that
evidence, or lack of it, to be in the public domain. Whilst many requirements are already in place under the
auspices of drug regulatory authorities such as the MHRA and NICE, these do not always extend to suppliers
marketing tests directly to the public.

20. There is reason to believe that, notwithstanding advances in personalised medicine, such as Herceptin and
the HER2 receptor in breast cancer, the major impact of advances in understanding of genomics on healthcare
will be stepwise, given the timeframes associated with drug development and validation. For this reason we
believe it is important that sustained, “future proof” programmes of investment should be established and
that, within these, attention should continue to be given to rare diseases in the light of the concerns expressed
above.7

21. For the benefit of pharmacogenetics to be translated into improved therapeutic outcomes, the assessment
of medicines which employ pharmacogenetic information during prescribing by relevant bodies such as NICE
must take place in a timely and appropriate manner.

Biomarkers and Epidemiology

22. The HGC recognises that genome-wide association studies contribute to basic scientific knowledge that
may lead to elucidation of novel biological pathways and development of novel biomarkers for disease
susceptibility or drug response. However, these still require evaluation in use and, as stated above,8 there is
a gap to be bridged between research and clinical practice.

23. In view of concerns about direct-to-consumer testing, the HGC is concerned that there is a potential for
providers of such services to undermine the credibility of genomic medicine, by making inflated or misleading
claims in marketing their products. The HGC currently has a programme of work in place to encourage and
assist the sector to develop guidelines of good practice and ethical conduct, and to encourage the provision of
appropriate information to the public.

Use of Genomic Information in a Healthcare Setting

24. It is accepted that it is unethical to give advice without an adequate evidence base and information should
only form part of individualised advice if it is meaningful. To establish this there is a need to assess clinical
validity and utility in specific clinical pathways, as a recent PHG Foundation/Royal College of Pathologists
report has recommended.9 However, proper evaluation of clinical utility takes time and may require large-
scale studies; the provision of government funding for this sort of work would help to ensure that the benefits
that could derive from further development of some types of genetic testing might be realised.

25. The accumulation of evidence to support some pharmacogenetic advice in prescribing across a range of
conditions is currently encouraging. However, suYcient evidence does not yet exist for most tests currently
available for genetic susceptibility to be used in a clinical setting. We have identified concern that there is a
“technologically driven” wish to introduce more genetic testing into clinical practice as the result of a
5 Genes Direct, ensuring the eVective oversight of genetic tests supplied directly to the public (HGC, 2003)
6 More Genes Direct, a report on developments in the availability, marketing and regulation of genetic tests supplied directly to the public

(HGC, 2007)
7 See paragraph 11 above.
8 See paragraph 18 above.
9 Furness et al., The evaluation of diagnostic laboratory tests and complex biomarkers (PHG Foundation/RCPath, March 2008), available

from www.phgfoundation.org/pages/projectlist.htm).
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misapprehension that such tests can generate information that will be useful in clinical practice. This is
undoubtedly aggravated by the fact that some tests are already oVered directly to the public, sometimes via
the Internet, by private companies.10

26. The fact that evidence of an association at a population level is not equivalent to evidence of clinical utility
for the individual appears to us to be poorly understood at present, which allows some commercial test
providers to oVer over-the-counter genetic tests on the basis of evidence of an association alone, giving
information that is open to misinterpretation. This can have serious consequences if patients make
inappropriate lifestyle modifications (eg continue to smoke because they believe that their genetic
predisposition to lung cancer is reduced and therefore they are immune or if “adverse” test results create
unnecessary anxiety). Likewise, the diVerence between relative risk, absolute risk and population attributable
risk is also not clearly understood by health professionals let alone their patients. This is one reason for the
HGC’s recommendations in More Genes Direct that specific tests should only be oVered through specific
outlets or by specific healthcare professionals11 and that there should be regulatory mechanisms to cover all
genetic tests, including so-called “lifestyle” tests.12 These would include clear provisions relating to whether
and how a company would enable clients to get updated interpretations of their risk profile, as the ability to
interpret the same set of DNA results is bound to improve over time.

27. The huge amount of information coming from genomics presents a significant challenge to professionals
who oVer genetic counselling or use information from genetic tests. Equivalent challenges exist in terms of
educating people outside the clinical genetics community so that they know how and when to make
appropriate use of these tests and this will include education both of other healthcare professionals and, also,
of the general public.

28. While it is likely that Regional Genetics Centres will always concentrate on highly predictive genetic tests
for single gene disorders, more and more tests will no doubt be developed that identify predisposition but that
are not, in themselves, specifically diagnostic. As the relevance of genetic information moves beyond specialist
genetic services both within the NHS and through direct-to-public testing, substantial eVorts will need to be
made to incorporate this meaningfully into practice, on the one hand, and to absorb a new area of demand
for health advice on the other. Examples of early initiatives in this direction are the National Screening
Committee’s Pegasus initiative (training for delivery of perinatal genetic screening programmes), the work of
the Birmingham Genetics Education and Development Centre and ScotGen (the Scottish Genetics Education
Network), which works collaboratively with the Birmingham centre. We welcome the commitment of Scottish
and Welsh financial support to the Birmingham centre in recognition that training and education is a UK-wide
issue. However, a significant amount of this requirement is likely to fall on genetic counsellors to support
families in which new disease-predisposing genetic variations are identified and for which tests are developed,
and we recognise the need to support additional posts to meet this demand.

Conclusion

29. We trust that the comments above are helpful to the Committee in pursuing their inquiry. If the Committee
requires any additional information or clarification we will be happy to provide it. We also welcome any future
conclusions and comments from the Committee that we may take into account in our future discussions in
this important area. To comply with the HGC’s open working style a copy of this response will be placed on
the HGC’s website.

April 2008

Annex

HUMAN GENETICS COMMISSION TERMS OF REFERENCE AND CONTACT INFORMATION

Terms of Reference

— To analyse current and potential developments in human genetics and advise Ministers on:

— their likely impact on human health and healthcare; and

— their social, ethical, legal and economic implications.

10 See, for example, Lenzer, J, and Brownlee, S, “Direct to Consumer Genetic Testing: Knowing me, knowing you”
(BMJ 2008;336:858–860)

11 More Genes Direct, paragraph 3.14.
12 ibid., paragraphs 3.9–3.14.
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— To advise on strategic priorities in the delivery of genetic services by the NHS.

— To advise on strategic priorities for research.

— To develop and implement a strategy to involve and consult the public and other stakeholders and
encourage debate on the development and use of human genetic technologies and advise on ways of
increasing public knowledge and understanding.

— To co-ordinate and exchange information with relevant bodies in order to:

— identify and advise on the eVectiveness of existing guidance and of the regulatory and advisory
framework as a whole, taking account of European and global dimensions; and

— look at the lessons learnt from individual cases requiring regulatory decision to build up a
wider picture.

— To consider specific issues related to human genetics and related technologies as requested by
Ministers.

— To operate in accordance with best practice for public bodies with regard to openness, transparency,
accessibility, timeliness and exchange of information.

Memorandum by Stuart Hogarth, Research Associate, Department of Social Sciences,
University of Loughborough & David Melzer, Professor of Epidemiology and Public Health,

Peninsula Medical School, University of Exeter

Summary

1. This submission addresses questions posed by the sub-committee relating to the regulatory framework for
genomic medicine, in particular the regulatory framework for genomic tests. The committee asked questions
about gaps in the regulatory framework, how this framework compares with regulation in other countries,
what progress is being made in regulation of genetic tests that use genome variation data and the possible
utility of a regulatory code governing the provision of medical advice based on genomics information. This
submission focuses on the IVD Directive (enacted in the UK by the Medical Device Regulations 2002 and
enforced by the Medicines and Healthcare Products Regulatory Agency (MHRA).

2. This submission draws on three years of research on the policy issues relating to the regulation of genetic
tests for common diseases and addresses the growing concerns that some genetic tests are entering the direct
to consumer market and clinical practice prematurely. It highlights a number of important areas where the
current system of regulation in Europe needs to be improved.

3. In seeking to find a balance between improving regulation to protect public health and promoting the rapid
adoption of useful new tests, we suggest that a focus on regulation by information disclosure should inform
future approaches to the regulation of genomic tests. One of the primary goals of regulation should be to
ensure that:

— doctors and patients have suYcient information about a test’s accuracy, utility and safety risks to
make an informed decision about whether to use it; and

— doctors and patients receive accurate and informative test results which can guide decisions about
prevention or treatment.

4. The primary areas of the IVD Directive which require attention are its approach to risk classification, its
lack of clarity on data requirements, undue level of secrecy over clinical data held by manufacturers and
ambiguities surrounding the regulation of tests developed by commercial reference laboratories.

5. A number of EU member states are keen to address some or all of these anomalies and the forthcoming
review of the IVD Directive will provide an opportunity to take action. The UK government should act with
other countries to ensure that the European regulatory system is enhanced to provide more adequate
safeguards for public health.

Introduction

6. This submission draws on three years of research on the policy issues relating to the regulation of genetic
tests for common diseases.1 In the course of our research we have looked at the regulatory regimes in Europe,
the United States, Canada and Australia and we have spoken to over 80 individuals from key stakeholder
groups—policymakers, regulators, diagnostics companies, clinicians and patients groups.
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7. Over the past 15 years, genetic testing has begun to play a greater role in disease prevention, management
and treatment. This has brought significant clinical benefits to many patients. However there have been
growing concerns that some genetic tests are entering the direct to consumer market and clinical practice
prematurely. There has been a prolonged policy debate about how best to ensure the safe and appropriate use
of clinical genetic tests; a number of expert bodies have reviewed the oversight of genetic testing and their
reports have come to similar conclusions:

— public confidence in genetic testing can be maintained only if there is a clear and coherent framework
of regulation;

— the regulatory status quo is not adequate; and

— new genetic tests should be subject to independent evaluation of their analytic and clinical validity
before they are oVered as part of clinical care.

8. Many participants in our research expressed support for the view that regulatory reform is required.
However, not all stakeholders were convinced of the necessity of reform or that statutory regulation could
provide useful additional safeguards for the public. More generally, nearly all stakeholders were concerned
that regulatory reform should not impede innovation by creating unnecessary burdens, nor was their general
support for special regulations targeted specifically at genetic tests. Instead we found support for trying to
make progress through modest incremental improvements in the statutory regulation of tests and enhancing
other regulatory mechanisms, including a more systematic approach to Health Technology Assessments for
new genetic tests.

9. This submission outlines a series of issues in the IVD Directive which need to be addressed if it is to facilitate
the safe and eVective use of genomic tests by doctors and patients. These include: using a “light touch”
approach to premarket review of new tests focused on:

(a) Access to all data on the performance of tests;

(b) ensuring truth-in-labelling;

(c) improving the risk classification system;

(d) providing clearer guidance on the regulation of laboratory developed tests;

(e) and facilitating transparency of data through mechanisms such as a test registry.

10. This seems a particularly opportune moment to consider these issues: the EU IVD Directive is well-
established in the member states; the Commission is now preparing for a revision of the Directive; and the
development of IVD regulation is being actively pursued through the work of the Global Harmonisation Task
Force. This provides an opportunity to strengthen both the explicit public health and free trade objectives of
the IVD directive, without letting the latter undermine the former.

Premarket Review and Minimum Data Requirements

11. Premarket review is the most powerful tool in the regulator’s toolkit. This barrier to market entry is used
to ensure that the manufacturer’s intended use for the product is supported by the clinical data on the test’s
performance as set out in the technical file, and summarised in the product label and in promotional material
and to ensure that the product label includes appropriate instructions for the user including any necessary
warnings on the limitations of the test’s performance.

12. Ensuring truth-in-labelling and truthful promotion—an honest account of the strengths and weakness of
a test’s performance—can be thought of as the fundamental function of premarket review in the medical
devices sector, although for high-risk tests the process may be more onerous, with regulators setting out in
some detail the types of clinical studies which will be required to gain premarket approval. One approach to
creating a minimum common requirement for pre-market review under the IVD Directive would be to focus
on ensuring truth-in-labelling.

13. We describe this approach as regulation by information disclosure: test manufacturers should provide
patients and healthcare providers with evaluative data on the analytic and clinical validity of tests; and
independent pre-market review can be used to evaluate whether this information is an accurate account of a
test’s strengths and weaknesses. It presents a minimal evidence requirement since it is possible for a test
developer to rely solely on the existing scientific literature rather than conducting costly clinical studies of their
own (providing of course that the literature supports the test developer’s intended use). Our research showed
considerable support for an approach focused on using pre-market review to ensure truth-in-labelling (and
truth-in-promotion) and full evidence disclosure.
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14. This position was linked to the broadly-supported view that data on analytic and clinical validity are
minimum data requirements for test developers but that it is both generally unrealistic to ask statutory
regulators to evaluate the clinical utility of tests or their ethical, legal and social implications, and probably
constitutes too high a barrier to market entry (see ACCE framework below). Such a model can be seen as a
least burdensome mechanism for ensuring some form of pre-market review where none currently exists. Our
research suggests that this least burdensome approach can satisfy both many of the concerns of stakeholders
and the desire of test developers to gain rapid entry to the market.

Clinical validity should be assured before putting a test on the market. Clinical utility will be very
diYcult because it may take years of exposure to the market with a specific test to get back clinical
utility data that are anywhere near meaningful … That is only possible if you expose the market to
the test. You can never do that pre-clinically or pre-market. It costs too much time, too much eVort,
too much money that nobody will be able to pay that.

European IVD manufacturer (focus group participant)

15. However, there is some ambiguity regarding evidence requirements in Europe. Whilst in the United States
and Canada the regulators require evidence on analytic and clinical validity of tests, there is currently
disagreement amongst European member states about whether in fact manufacturers must provide data on
clinical validity to fulfil the requirements of the Directive.2 Some believe that manufacturers are only required
to provide evidence on analytic validity (but must provide data on clinical validity if they make clinical claims).
However, we have spoken to a number of member states who believe that the Directive goes further than this
and that to fulfil its essential requirements manufacturers should provide data on both analytic and clinical
validity. Clarification of this ambiguity is required.

ACCE framework for test evaluation

Analytic validity—accuracy of test identifying the biomarker.

Clinical validity—relationship between the biomarker and clinical status.

Clinical utility—likelihood that test will lead to an improved outcome.

Ethical, legal and social implications.

Risk Classification

16. The primary reason that most genetic tests are not subject to independent pre-market review in the
European Union is that they are classified as low-risk. An international comparison of device regulations
shows that the European approach is unique. In the United States, Canada and Australia genetic tests which
fall within the medical device regulations are all treated as moderate to high risk—and so are generally subject
to pre-market review (in Australia some genetic tests are Class II and exempt from pre-market review). There
are a number of reasons for considering that many genetic tests are moderate- to high-risk:

(a) They are often stand-alone, with no confirmatory test available.

(b) They are used for relatively serious clinical purposes, such as pre-implantation genetic diagnosis and
selecting treatments (pharmacogenetics).

(c) They may have serious psychological impact (eg Huntington’s Disease).

(d) Many new tests are highly complex involving multiple alleles or multiple genes, making
interpretation more diYcult.

(e) New genetic tests carry the risks associated with all novel devices—unproven performance in the field
and lack of familiarity on the part of users.

17. European oYcials have admitted that this approach to risk classification is problematic and have
suggested they may adopt the model developed by the Global Harmonisation Task Force (GHTF) which is
both more comprehensive and more consistent.3 Largely modelled on the Australian system, it is a four-class
system running from high- to low-risk, and places some genetic tests into the moderate-to-low risk category
(Class B) and others in the moderate-to-high risk (Class C) category. Adoption of the GHTF model in Europe
would be a significant advance on the EU’s current incoherent and inconsistent approach to risk classification
and would ensure that a far greater proportion of genetic tests will be subject to independent pre-market
review. The Dutch government has made its own proposals regarding reform of the European risk
classification system which would create a more consistent four-class system in which predictive genetic tests
would be classed as moderate to high risk (Class C).4
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Creating Greater Transparency

18. The issue of truth-in-labelling for LDTs is linked to the broader need to ensure the provision of accurate
and comprehensive information to patients and doctors. We have advocated a model largely based on
regulation by information disclosure, but in certain respects the Directive works against transparency of data.

19. Current law and practice involves an extraordinary level of secrecy in the regulation of genetic and other
tests. Technical files, the dossier of evidence (including the clinical data) a manufacturer prepares to
demonstrate they have fulfilled the requirements of the IVD Directive, are regarded as confidential, impeding
the ability of health professionals to identify areas of concern and report them to regulators. The MHRA has
also indicated that it is unable to inform professionals about any action taken when complaints are made about
mismatches between test claims and performance. This lack of transparency is at odds with the climate in drug
regulation and with the principals of quality improvement approaches in health care and very likely puts
patients at unnecessary risk.

20. It is possible for regulators to facilitate information disclosure by making public their device reviews and
subsequent post-marketing data. However, whilst in the US the FDA publishes review summaries on its
website, in Europe evaluative data is treated as confidential and so the regulatory agencies are under an
obligation not to reveal it, unless they have the agreement of the manufacturer. This issue is currently under
review and it is expected that in future some categories of information from assessment reports will be made
public in summary format, probably on a centralised European website, and that a simplified administrative
procedure will be established to review whether additional categories of information should also be made
public.5 However, this may only apply to high-risk devices and might thus exclude genetic tests.

It is bizarre that if I want a hip implant I can get info from FDA website but not in Europe . . . If I
am a concerned citizen wanting information on a medical device then you would have to have faith
in the competent authorities that it exists.

Interview with European Commission oYcial

21. A problem (which extends beyond Europe) for the regulation of IVDs is that truth-in-labelling may not
assist if the end user does not see the label. In the case of prescription drugs, the doctor and patient will see
the product label/instructions for use, but most tests are performed by laboratories and it is they who have this
information, not doctors and patients. What is required is a broader concept of a label, once which ensures
that all those oVering tests make the necessary information available to clinicians and the general public. Test
manufacturers should be obliged to keep their labels online, where they can be accessed by all. Samples of the
results sheet for the test, which show how tests are interpreted etc, should also be provided online.

Laboratory Developed Tests

22. Genetic testing is characterised by a high degree of dependence on tests developed in-house by laboratories
(which we will refer to as laboratory developed tests or LDTs). These range from tests for very rare diseases
where there is no commercial incentive for the development of kits, through to high-volume tests for common
conditions where the test developer has chosen to operate as a reference laboratory rather than as a kit
manufacturer (for instance InterGenetics in the United States and Agendia in The Netherlands).

23. The Directive takes a clearer approach to these tests than either the US or Canadian regulations, which
do not explicitly define LDTs as medical devices. But there are ambiguities concerning the regulatory status
of such tests in the EU, in part because there is an exemption for some tests developed by what are termed
“health institutions”.

24. In the UK the nature of the health institution exemption has been the subject of considerable debate, but
the MHRA’s current interpretation is that the exemption does not apply if the institutions oVering the test are:
“free-standing laboratories which provide diagnostic services, (which are not part of a body which has as its
purpose the care and/or promotion of public health)”. Although the UK position seems clear, our research
suggests that, at least in some member states, there is no regulation of LDTs under the Directive, whilst in
others all LDTs are regulated, ie no institutions covered by the in-house exemption. This lack of a consistent
approach is a cause for concern.

I see absolutely no reason, if it is a regulated industry and industry has to be regulated, that a
laboratory that makes its own test has crossed the line from a buyer to a maker, and they should fall
under the maker rules.

US IVD manufacturer (focus group participant)
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25. The market for genomic tests often involves complex chains of supply. For instance, there are an increasing
number of companies who provide genomic tests as LDTs from reference laboratories outside the European
Union. Sometimes they oVer the tests direct-to-consumer over the internet eg the US company 23andme and
the Icelandic company deCODE. Some companies prefer to partner with a European firm who take patient
samples and report the results to the patient eg the US company Genomic Health is oVering its Oncotype Dx
test in Europe through a partnership with Medical Solutions, a UK firm based in Nottingham.

26. The advice we have received from both the MHRA and the European Commission suggests that in neither
case would the tests provided by companies outside the EU be subject to the IVD Directive. Whilst there is
no explicit reference in the Directive to such arrangements which would clearly cover such tests, we are not
aware of any provisions within the Directive which clearly indicate that such tests are not covered by the
Directive. We would suggest that since the Directive clearly covers commercial LDTs, then there is no reason
to exclude these tests and that to do so would not only be a failure to protect public health but would also
provide a perverse incentive for EU companies to locate their operation outside the EU, an outcome
incompatible with the objective of developing the UK (and European) biotech sector.

27. Ensuring truth-in-labelling is a fundamental aspect of the Directive’s purpose. Yet there is currently no
regulatory equivalent of a product label for LDTs. Since the Directive covers promotional material as well as
product labels, then the information which laboratories make available to doctors and patients in printed
materials and on their websites, would be covered by the Directive. However, in the case of promotional
material it is the manufacturer who decides which types of information to provide to the user; whereas with
the product label, the Directive clearly sets out requirements about which types of information must be
provided to the user. Guidance is required on how to apply these requirements to LDTs. In addressing this
issue it may be helpful to consider the best practice of some leading commercial laboratories, who make
considerable eVorts to provide detailed information to doctors and patients on the performance of the test and
its intended use. Consideration should also be given to the approach being adopted by FDA which suggests
companies should provide online information to test users.6

Guidance on Standards

28. Regulators can assist test developers by making their regulatory requirements clearer. The regulation of
diagnostic tests relies heavily on guidance documents to supplement the basic statutory requirements.
Guidance is also important because regulation focused on ensuring truth-in-labelling requires agreement on
what constitutes truth. This requires consensus on standards of evidence, amongst all stakeholders.

From a commercialisation point of view, the more clearly you can enunciate the path between idea
to product and the cost associated with that, the better …

Interview with US IVD manufacturer

29. The IVD Directive has been developed under the aegis of the EU’s New Approaches framework of
regulation. This seeks to deal with the problems encountered when regulating a range of rapidly developing
technologies by setting broad essential requirements supported by more technology-specific standards which
can be updated as required. However, there have been no guidance documents or other kinds of standards
developed for genomic tests in Europe, an issue which some industry stakeholders suggested was a problem
for them. Amongst medical device regulators, the FDA is the most advanced in its development of guidance
on the evaluation of genetic tests.7 It is not unusual for regulators from other countries to adapt FDA guidance
documents8 and it may be that Europe can learn from the FDA’s experience. It also may be helpful if there
could be greater international coordination in the development of guidance, as a more consistent approach
would lessen the regulatory burden for companies.

. . . it’s so open to interpretation. For the majority of tests apart from . . . the high or moderate risk
tests, it is up to the manufacturer to interpret whether they meet the requirements of the Directive
and most companies had already gone through FDA approval with their products where it’s much
more “this is what you have to do. Put in a submission and get approval for sale in the USA.” . . .
Whereas with the Directive it is very much open to … There’s a lot of uncertainty. Have I done the
right thing?

European IVD manufacturer (focus group participant)
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Independent Information Sources

30. Our research also found strong support for the idea of an independent web-based information tool which
might provide details on both tests and quality information on laboratories. Existing examples of web-based
information tools were cited as providing examples of what could be achieved, the Lab Tests Online9 website
which is a resource for all kinds of lab tests and the two genetics sites—GeneTests10 in the US and OrphaNet11

in Europe.

31. Discussion of such web-based data sources has taken on greater significance in the United States since the
FDA has indicated it is to regulate some LDTs. Some of the companies who are aVected by this development
are advocating an alternative system of regulation which would require LDT developers to provide details of
their company, their laboratory and their tests on a web-based registry. This system would not entail
submitting tests for premarket review by FDA but would provide some controls to ensure that companies
provide clinical evidence to test users.

32. Such a model is an intriguing one and oVers either an alternative, or a supplement, to our model for least
burdensome premarket review. However, this model raises two important questions: who guarantees the
quality of information provided and who deals with complaints? The former problem is diYcult to address
without some form of independent evaluation of the evidence. The latter problem could also be addressed by
the statutory licensing authority adopting the role of “meta-regulator”, allowing the market to operate with
minimal controls but ready to step in where concerns arise. Clearly such a model has parallels with the EU’s
current system, largely based as it is on reacting to complaints once a test is on the market. Its advantage over
this system in which technical files are treated as commercially confidential, is that it introduces a high level
of information disclosure.

Conclusion

33. Genomic science is moving at great speed. Genome-wide studies have recently identified many new
variants associated with common diseases. Findings point mainly to sets of variants with modest eVects, with
many more markers still to be discovered. Some variants are shedding new light on disease mechanisms and
on previously unsuspected parts of the genome. Much more work is needed, however, to define the clinical
relevance and value to patients of testing for these new genetic markers.

34. It is worrying that in the absence of this knowledge, commercial genetic testing services are being marketed
directly to the public. In an age of evidence based medicine, the marketing of genetic tests with little evaluation
is an unwelcome anomaly. The UK has already made a significant contribution to progress towards the
evidence-based evaluation of genetic tests through the development of the UK Genetic Testing Network and
the gene-dossier process. It can provide further leadership by advocating reform of the IVD Directive towards
a regulatory system that encourages clinical evaluation and makes the results (or lack of them) easily available
to all.

References

1 D Melzer, S Hogarth, K Liddell, T Ling S Sanderson and R Zimmern “The new common disease genetic
tests: new insights, old concerns” British Medical Journal, March 2008.
S Hogarth, K Liddell, T Ling, S Sanderson, R Zimmern and D Melzer “Closing the gaps—enhancing the
regulation of genetic tests using responsive regulation” Food and Drug Law Journal November 2007.
S Hogarth, G Javitt and D Melzer “The regulation of direct-to-consumer genetic tests” Annual Review of
Genomics and Human Genetics Forthcoming 2008.
S Hogarth and D Melzer The IVD Directive and genetic testing: problems and proposals. A briefing presented
to the 20th meeting of Competent Authorities, Lisbon, July 2007 (Cambridge University, July 2007).
S Hogarth, K Liddell, T Ling, D Melzer and R Zimmern Regulating pharmacogenomics—an overview of
developments in various countries and industry response to regulatory initiatives. A report for Health Canada
(Cambridge University, March 2006).
S Hogarth, D Melzer and R Zimmern The regulation of commercial genetic testing services—a briefing for
the Human Genetics Commission (Cambridge University, August 2005).
2 For an analysis of the ambiguities see Hogarth, S and Melzer, D The IVD Directive and Genetic Testing:
Problems and Proposals. A Briefing presented to the 20th Meeting of Competent Authorities. (Cambridge
University, (2007) Disagreement amongst member states was clear in the discussion following this
presentation.



Processed: 29-06-2009 20:42:50 Page Layout: LOENEW [O] PPSysB Job: 411133 Unit: PAG5

171genomic medicine: evidence

3 Remarks made by EC oYcial at EuroGentest meeting on IVD Directive and genetic testing in Leuven, April
2007. NB The GHTF is an international forum which brings together regulators and industry from the US,
Canada, Australia, Europe and Japan to work towards harmonization of the regulatory frameworks for
medical devices. GHTF Study Group 1 (2007) Principles of In Vitro Diagnostic (IVD) Medical Devices
Classification, Proposed Document
4 M Hollestelle, and A de Bruijn In Vitro Diagnostic Medical Devices. Decision rules for IVD-classification
(Bilthoven, 2006)
5 Interview with EC oYcial 2006
6 HHS, FDA Guidance for Industry and FDA StaV—Class II Special Controls Guidance Document: Gene
Expression Profiling Test System for Breast Cancer Prognosis http://www.fda.gov/cdrh/oivd/guidance/
1627.html
7 For a broader discussion of FDA leadership in this area, see Hogarth, S. et al. (2006) Regulating
pharmacogenomics. an overview of developments in various countries and industry response to regulatory
initiatives (Cambridge,)
8 Interview with oYcial from Medical Devices Bureau, Health Canada, August 2007.
9 http://www.labtestsonline.org/
10 http://www.genetests.org/
11 http://www.orpha.net/

April 2008

Examination of Witnesses

Witnesses: Sir John Sulston, Acting Chairman of the Human Genetics Commission, Dr Frances Flinter,
Consultant Clinical Geneticist and Caldicott guardian, Genetics Centre, Guy’s and St Thomas NHS Foundation
Trust and member of the Human Genetics Commission, Dr Christine Patch, Genetic Counsellor Manager of
the Clinical Genetics Department of Guy’s and St Thomas’ NHS Foundation Trust, and member of the Human
Genetics Commission, Professor Albert Weale, Professor of Government at the University of Essex, and
Chairman of the Nuffield Council of Bioethics, and Mr Stuart Hogarth, Research Associate, Department of
Social Sciences, University of Loughborough and member of the Society for Genomics Policy and Population

Health (SGPPH), examined.

Q287 Chairman: Good morning, ladies and
gentlemen, welcome to all of you, witnesses and
members of the public. We look forward to your
evidence today as the questions we have for you are
pretty crucial. If any one of you wishes to make an
opening statement, please do so.
Mr Hogarth: Can I make a brief opening statement
about my aYliation, just because it is slightly long-
winded and I would rather get it over with now. My
name is Stuart Hogarth, I am a research associate at
the Department of Social Sciences at the University
of Loughborough. I submitted written evidence to
the Committee with Professor David Melzer of the
University of Exeter based on research that we have
conducted over the last three to four years on the
regulation and evaluation of genetic tests. I am also a
Council member, as is David Melzer, of the Society
for Genomics Policy and Population Health. This is
a very new society which provides a forum for those
interested in the impact of genetic and molecular
science and population health, particularly the
ethical, legal and social issues arising from genomic
and post-genomic science and technologies. Our
members include lawyers, philosophers, social
scientists, public health professionals and policy
makers as well as geneticists and molecular scientists.

At the moment what we are aiming to do is provide a
forum for the discussion of the very important policy
issues that surround us in the kind of clinical
translation of genomic science into clinical practice.
As part of that work we recently held a workshop on
susceptibility testing into policy implications and
Tim Aitman, your scientific adviser, was present at
that meeting. I should say that the evidence I give
today is my personal views on the regulatory
framework for diagnostic tests rather than the views
of the society who have not submitted a collective
response to the inquiry.

Q288 Chairman: In the evidence that we have had,
both written and oral, there is a suggestion that many
of the recent advances in genomic science,
particularly relating to the management of common
diseases, are soon going to be applicable to clinical
practice. If that is so, how soon are any of these tests
likely to be available in clinical practice?
Dr Patch: I am a member of the Human Genetics
Commission and I am a genetic counsellor manager
at Guy’s Hospital. We need to be very excited about
the science but we need to be realistic about the
implications of that science. If these possibilities are
evaluated properly it may be a long way oV before
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2 July 2008 Sir John Sulston, Dr Frances Flinter, Dr Christine Patch, Professor Albert Weale
and Mr Stuart Hogarth

they emerge into clinical practice. The one that is
most likely to come into clinical practice is
pharmacogenetics and that will probably happen
within the short term. In terms of the implication of
these advances for the management of common
diseases, the benefits will depend on what you can do
with the result of the test, for example. If there is a
clinical benefit to the test, i.e. you have the test and
you can do something that changes your risk, then
those things will come in sooner. Tests just for
knowledge in terms of the health service one has to
question the actual benefit of that.
Mr Hogarth: From the US’ perspective, because I
have spent quite a lot of time talking to companies
and clinicians in the United States, it might be
interesting to make a distinction between tests based
on single nucleotide polymorphisms or other
heritable variants, and gene expression tests,
particularly in the area of oncology. We are now
seeing a fairly significant clinical uptake, for instance,
of a test like the Oncotype DX test over genomic
health in the United States which is for breast cancer
patients. Based on the gene expression molecular
profile of the tumour, patients will be given a risk
assessment of whether their cancer is likely to recur
and treatment decisions are made on the basis of that.
I think there are diVerent kinds of applications and
some of them seem to be being adopted more rapidly
and readily than others.

Q289 Lord Winston: Is there the slightest evidence
that that actually works?
Mr Hogarth: I am not a clinician and neither am I a
scientist, so I am not well qualified to answer that.
Dr Flinter: I will not answer specifically about that
particular test, but in general the problem we have is
that the measurement of particular genetic variation
is relatively easy and laboratories can do that well
and accurately, but collecting the data about whether
what you are measuring is linked to clinical disease
takes time and is more diYcult to do. The step up to
that is actually working out whether, if you do the
test, there is then an intervention that can be made in
terms of modifying the treatment or oVering
screening that will actually aVect the outcome of the
disease. What is tending to happen is that, as soon as
it becomes possible to measure something, there is a
tendency to say we now have this test and should
oVer it, perhaps sometimes in advance of the
knowledge or ability to be able to use that test
eVectively in clinical practice.
Professor Weale: I am here in my capacity as Chair of
the NuYeld Council on Bioethics which some
members of your committee will know, at least as well
as I do. We are an independent organisation
established by the NuYeld Foundation to look at
ethical questions arising from biological and ethical

research. We did publish a report in 2003 with a
working party chaired by the late Professor Peter
Lipton on pharmacogenetics and it is specifically on
that point that I would like to come in on. There
clearly is a conceptual distinction between genetic
testing for disease and genetic testing for variations in
the reactions to medicines used to treat those
diseases, but in practice they may come together. The
example we give in the report is Herceptin targeted at
over-expressed proteins for categories of breast
cancer patients where the over-expression is itself the
product of genetic variation. More generally, in
relation to the management of disease, genetic
variation may be important. We cite the example of a
liver enzyme important in metabolisation of about 25
per cent of medicines with variations across both
individuals and groups in terms of its underlying
genetic profile. We would want to draw attention to
the potential importance of the pharmacogenetic
component for the safety and eYcacy of medicines.
The one further point that I would make is that when
we were doing our report back in 2002–03 we were
operating in the conditional mode, if I can put it that
way. We were trying to think about what the
implications would be were pharmacogenetic tests
available. I think our sense is that we would still be
operating in the conditional mode were we doing that
report today, so we would be very interested to see
how your committee could take this further.
Sir John Sulston: That has covered the ground very
well. One could refer to of course some recent
excitement in RNAi, for instance, in the micro RNA,
in genome-wide association studies. All of this is
going through but is rather unpredictable about
eventual eYcacy. What we are here for as the Human
Genetics Commission is to keep a watching brief on
all of this. I am afraid that is where we have to leave
it for those more recent developments.

Q290 Chairman: Moving on to the next question,
which leads on very well, about an individual’s ability
to have genetic testing done for common diseases that
may indicate that they might be at a higher risk. First
of all, is that so and, if it is, what are the benefits for
the individual to know whether they have an
increased risk? I have a supplementary to which I
will return.
Dr Patch: Reiterating my previous point, for some
things there may be a benefit but evaluating what that
benefit is and evaluating how people manage what
they have to do to reach that benefit is a requirement
before those tests are introduced into practice. At the
moment for the subsets of common diseases the
advice people will be given would be to lose weight,
to give up smoking, et cetera, and we know that
people do not take those health messages anyway.
Where there is an advantage is changing the
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threshold at which you might oVer a proven
intervention; for example, we have strategies for
oVering breast screening to women at a certain risk
and we define that risk by their age. If the science
should develop so that there is a combination of
genetic markers that can move people’s risk
threshold up and down, then the decision is we have a
proven strategy for hopefully diagnosing and treating
breast cancer early. We are changing the point at
which people enter into that strategy and that is a
potential benefit. Today at the moment for these
common diseases there are very few interventions
that one might say are proven to have benefit. Of
course, once a test has benefit then it is a diVerent
question.

Q291 Lord Taverne: What would be the risk that you
would regard as significant though? If it is an
increased risk of 1.5 per cent would that influence
your decision?
Dr Patch: That is a very complicated question
because of the cost benefit argument. The level of risk
which you regard as significant depends on the
perspective you are taking. For a public health
benefit, the National Screening Committee has
various criteria for introducing screening
programmes. For an individual that might be
diVerent and individuals have a diVerent perception
of risk. My personal view is that an odds ratio of 1.2
is meaningless, but that is my personal view.

Q292 Lord Winston: Dr Patch, I am sure you have
made a very good point about breast cancer
screening. I wonder whether you or anybody might
be able to hazard a guess as to the percentage of
breast cancer victims which might be susceptible to
this kind of screening because this is a very common
disease—one in nine, one in 10 of the population—
and so much of it would appear to be much more
epigenetic than genetic in origin. That is going to be
a confounding problem.
Dr Patch: That is back to the same point we will be
reiterating over and over again. I think what is
needed as part of this is good descriptive
epidemiology. We probably do not know yet. What is
happening is that there is a sort of technology creep.
Tests and prognostics are being introduced into the
market—the NHS is also a market—prior to really
detailed evaluation and they should be introduced in
controlled evaluation circumstances, but at the
moment there is a funding and policy gap in that area.
We would need to do the evaluation studies to answer
that question.

Q293 Chairman: Do we have any research-based
information about what would be the behaviour of
people if such tests were available?

Dr Flinter: There is some research which shows that
perhaps almost paradoxically sometimes if you say to
people “you may have a slightly increased risk of
developing, say, coronary artery disease”, they may
feel somewhat fatalistic and think “oh well, I am
doomed anyway, I may as well carry on having a fry-
up for breakfast every day because my genes have
predetermined that I am going to develop disease”.
There is some evidence that it may even have a
paradoxical eVect and in fact be unhelpful to identify
those at increased risk. We also need to remember
that often lifestyle can have a bigger determining
influence on somebody’s state of health than their
genetic make-up. There is a tendency for people to
feel that genetics is very deterministic and if only we
knew what was in our genes we would know what was
going to happen to us. As a geneticist I have to say
that actually for most people, what they eat, how
much they exercise, whether they smoke and how
much they drink will have more of an impact on their
health during their lives than their genetic make-up.

Q294 Chairman: Today one of the news items is that
you can reduce your cancer risk by 22 per cent if you
eat a Mediterranean style diet.
Dr Flinter: Yes.
Mr Hogarth: I think your question points to a
significant empirical gap in the evidence base that we
really need to plug quite urgently. There have been
relatively few studies done on the psychological and
clinical consequences of telling people their genetic
risk of common diseases. The Reveal Study in the
United States which focused on giving people their
ApoE4 results for risk of Alzheimer’s diseases is one
of the few major studies that has been done in that
area. This is certainly an area where we require more
research and more funding.
Dr Patch: There is a reasonable amount of research in
the rare single gene disorders but I am not sure that
that translates over necessarily into the common
disease world.
Professor Weale: The potential benefits that we saw
would be particularly in relation to adverse reactions
if there were pharmacogenetic tests in which it was
possible to distinguish between patients who would
respond adversely or not. The examples that we cite
are schizophrenic patients in relation to Clozepine.
That could potentially provide benefit.

Q295 Earl of Northesk: Following on from your
point, Professor Weale, in a diagnostic setting rather
than using genetic testing as a predictor, what is the
possibility that genetic testing will, as a diagnostic
tool, determine the most eVective and beneficial
therapy for an individual patient?



Processed: 29-06-2009 20:42:50 Page Layout: LOENEW [E] PPSysB Job: 411133 Unit: PAG5

174 genomic medicine: evidence

2 July 2008 Sir John Sulston, Dr Frances Flinter, Dr Christine Patch, Professor Albert Weale
and Mr Stuart Hogarth

Professor Weale: The question that as a working party
we considered was how far would a genetic test give
an improved tool over and above, for example, trial
and error prescribing which currently goes on with
the knowledge of the doctor. I do not think that we
felt that we could come to any definite conclusion
about that. One of the reasons we thought that there
was not the imperative to develop genetic testing for
adverse reactions in many cases was that they
potentially were not serious enough and the
information that you would provide would not
necessarily help in the diagnosis and treatment of the
individual patient. In particular in relation to
Clozepine where we did have evidence that for
patients suVering from schizophrenia some of the
adverse reactions really were quite serious and if that
sort of issue could be dealt with there was then a
potential of a targeted intervention in that sense. As
a general tool, it is fair to say that when we were
reading the evidence the journalists were coming up
with very strong statements to the eVect that
everyone would carry around a chip with their own
genome on it which doctors would then just use in
their prescribing practice. As we collected more
evidence we became much more sceptical at some of
those sorts of claims.

Q296 Baroness O’Neill of Bengarve: I would like to
move on to the gap that you have identified and that
some of the gap may be a regulatory gap. As we
know, scientific advances in genomics have produced
a new range of genetic tests for a wide range of one
would probably say genomic conditions rather than
absolute clinical conditions at this point. What
mechanisms do we have now for assessing the validity
and utility of these tests? Who then decides whether
a particular test should be introduced into clinical
practice or left aside and, if there are mechanisms, do
you think they are suYcient or do we need additional
mechanisms?
Dr Flinter: The NHS has set up a very good system
for evaluating tests for single gene disorders. There is
an organisation called the UK Genetic Testing
Network (UKGTN) which was basically set up by
those who commission the regional genetic services
because they wanted a mechanism whereby tests
could be very thoroughly evaluated before they
would then agree to purchase them from the regional
genetic centres. Laboratories that want to oVer a new
test have to submit what is called a “gene dossier” to
a committee of the UKGTN and the evaluation
process includes looking at the laboratory test, how
robust it is, how reliable, how eYcient it is in terms of
the technology, but that is only the first stage. They
also look and see whether there is a link between what
the test is actually measuring and clinical disease and
they ask the question if that link exists, is it actually

worth doing the test? Is there something you can do
about it? They also look at the ethical, legal and
social implications and so on. That is the framework
called ACCE which you may have heard about from
the UKGTN’s submission. They do sometimes have
a problem in that the evidence that is submitted to
them may have gaps and it might not be clear in terms
of studies having been done in large numbers of
patients what the evidence is; but very often for single
gene disorders, rare conditions that aVect a small
number of patients, a gene is found, you can find
mutations within the gene and the laboratory can
develop a good test for that. Even once a test is
approved it is not necessarily appropriate to do it for
every family that you see with that particular
diagnosis. There are some relatively common genetic
conditions, such as neurofibromatosis, for which
there is a good test but actually as clinicians we do it
very rarely because most of the time you can make a
diagnosis clinically by examining the patient; you do
not need to do an expensive and time-consuming
genetic test to prove your clinical diagnosis. You may
only need to do it in a small number of situations if,
for example, the family is likely to request prenatal
diagnosis in the future and you want to have a genetic
test that you can perform on a sample taken early in a
pregnancy. That mechanism exists for the single gene
disorders. The question has now been raised by the
UKGTN as to whether their role should be expanded
so that they could look at genes involved in
multifactorial disorders and perhaps other
biomarkers as well. It clearly would be helpful for
somebody to take on that role but at the moment it is
not obvious who should do that, although the people
who work within the UKGTN clearly have that
expertise. The other limitation at the moment of
course is that they are evaluating tests for use within
the NHS and nobody is evaluating tests that are
oVered in the private sector particularly direct to the
customer.

Q297 Baroness O’Neill of Bengarve: That is
extremely interesting. Do you think that UKGTN
are well equipped to expand their remit in that way or
were you raising it just as a question?
Dr Flinter: I think they have the knowledge and the
expertise to do it, but I do not think they currently
have the resources to take on a much larger piece of
work.

Q298 Baroness O’Neill of Bengarve: What about
current bodies such as NICE? Could NICE take on a
role here or would they be inappropriately placed to
extend their remit into diagnostics?
Dr Flinter: NICE has looked at one or two things like
breast cancer screening and patients with inherited
breast cancer.
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Dr Patch: They have looked at the bigger question of
a clinical care pathway. One of the issues with
diagnostics is bodies, as they are currently
constituted, such as NICE and the Health
Technology Assessment people, they are very slow
and they are relatively non-responsive although they
do commission research on the basis of suggestions
that are made to them. If I could use the example of
a technology that the HGC were asked to comment
on, which is free foetal DNA testing, which is a non-
invasive method for extracting foetal DNA from the
mother’s blood and then doing various analysis on it,
and at the moment that is being enthusiastically
developed and is creeping into use in the NHS. The
HGC recommend that actually there is a need for
evaluation under properly controlled circumstances
in particular areas, particularly relating to a prenatal
diagnosis of single gene disorders. We made a
recommendation to Sally Davies that this should be
considered and the response that unsurprisingly came
back was that this would fit into existing funding
mechanisms through the NIHR or through NEAT
(New and Emerging Applications for Technology).
However, back to my original point, these
mechanisms currently are very slow. I think there is
also another issue that this sort of research is not sexy
and exciting. It does not drive academic careers; it
does not drive publication records; it is not published
in the high impact journals and so the drivers for this
sort of research are slightly diVerent. Grant awarding
bodies—the committees that award grants—are
made up of certain types of professionals who might
have a diVerent value system in terms of the research
they want to see funded. I think there is an issue in
relation to the ability to be responsive and also a
change is needed in terms of value in this sort of
research.

Q299 Chairman: Did I hear you say that Sally
Davies was positive about supporting it?
Dr Patch: No, she was positive about the idea of
supporting it but suggested that there were existing
sources of funding within the NIHR and various
programmes.
Sir John Sulston: Christine has said it all really. This
was an exchange of letters between me as acting
Chairman of HGC and Sally Davies. I was a little
surprised, though I gather it was not unexpected, that
it somehow was not seen as the responsibility of the
NHS or NIHR to actually make sure these things
happened in a timely way. I just want to reinforce
what Christine has said: that it does not seem to me
appropriate that when you have something
important coming along, moving into practice in an
ad hoc way then it is not part of our system, rather
than just open to the vagaries of the granting system
to do proper clinical trial evaluation as it goes along.

Martin Bobrow of course has made this point
forcefully as well and indeed brought it to our
attention.
Mr Hogarth: If I could expand on Frances’ final
comment which was about what happens to tests that
are oVered outside the National Health Service, so
not just direct to consumers but in private clinics and
private hospitals, in terms of what mechanisms exist
for assessing the validity and utility of these tests,
such tests should in theory be subject to Medical
Device Regulations and specifically the In Vitro
Diagnostics Directive part of the Medical Device
Regulations. At the moment who decides who carries
out that assessment, the answer is the person who is
the manufacturer of the test. It is a process of self-
assessment for nearly all diagnostic tests because
nearly all diagnostic tests are classed as low risk, so
you must, as the manufacturer, assure yourself that
you have fulfilled the essential requirements of the
Directive, and once you have assured yourself that
you have done that, then you can place the CE mark
on your test. I can tell you that, in general, the CE
mark, which is a quality mark that is used in a very
wide range of products in Europe, consumer research
indicates that in general European consumers assume
that a CE mark means that the product has been
subject to independent evaluation. In the case of
these products they have not been subject to an
independent evaluation.

Q300 Lord Winston: You have pre-empted my
question but let me put it on record because I think it
could be expanded really and it is about the Human
Genetics Commission’s point that more research
studies are required to establish the utility of genetic
tests and susceptibility to disease and to assess their
long term value if introduced into clinical practice.
There are three things: first of all, who should fund
this research and carry it out? I think it would be quite
helpful if some of you might address what you see as
the most valuable nature of the research; what sort of
research is really most important to do?
Dr Patch: Commenting on the last one first, in terms
of diagnostics and prognostics, what is needed is a
research in use and that is why it falls through the gap
in that there is a gap between developing the
diagnostic in a very controlled circumstance as you
do not need such huge patient numbers—you have
selected patient populations—and then rolling it out
just in the NHS for use or in service for use and then
bring it to market use. It is controlled studies of the
device in use I think where is the gap. At the moment
that evaluation is happening in an ad hoc way funded
by the NHS because these tests are being used and
paid for, so it is happening but in an ad hoc way,
evidence is being lost and I suppose what happened
in the past was that it would either work or it would



Processed: 29-06-2009 20:42:50 Page Layout: LOENEW [E] PPSysB Job: 411133 Unit: PAG5

176 genomic medicine: evidence

2 July 2008 Sir John Sulston, Dr Frances Flinter, Dr Christine Patch, Professor Albert Weale
and Mr Stuart Hogarth

not; it would either continue to be provided or it
would not be provided; it would fall out of favour or
stay in favour. Possibly what has changed is the
complexity of the diagnostics, the complexity of the
clinical care pathways and also the cost.
Dr Flinter: In terms of who should fund the research,
there are well-organised funding bodies such as the
Wellcome and the MRC and so on. Applications can
be made to them but, as you know, that is a fairly
lengthy and complicated process. I do wonder
whether there is perhaps room also for the evaluation
of tests which have the potential to be very important
within clinical practice, for that research to be
directly commissioned by somebody like the NHS, so
that it can ensure that tests that it may consider
purchasing in the near future are properly evaluated
in the context of the whole clinical pathway, before
they slip into clinical use.

Q301 Lord Winston: That is a pretty unprecedented
suggestion, is it not?
Dr Flinter: Yes.
Sir John Sulston: It would give value for money
probably in the sense that you would not be wasting
time. You would capture what is going on in diVerent
parts of the country.

Q302 Lord Winston: It does seem very diYcult, does
it not, to imagine that charities like the Wellcome, or
the British Heart Foundation, or Cancer Research
UK, would take up this kind of baton because it
really is not really within the kind of remit of their
research that they do so well. It seems therefore that
it has to be done probably from a more public angle.
Is that fair?
Sir John Sulston: Exactly.
Dr Patch: The NHS at the moment is paying for these
if they are introduced prematurely but the actual
payer is dissipated around the various
commissioning bodies.
Mr Hogarth: There are a number of countries that
have experimented with the concept of conditional
reimbursement on the basis of systematic data
collection for some medical technologies, but it is still
something that has only been tried on a few
occasions.

Q303 Chairman: You are not saying it, Sir John, but
you are implying that in fact the OSCHR and its
various health services research grants should be
looking at funding this kind of research and
commissioning it.
Sir John Sulston: That is why I am saying I would
have thought that when you really go through the
numbers this would be value for money for the NHS
because you would not be wasting time conducting
tests which were ineVective; you would not be

wasting, as Christine pointed out, scientific data
being lost. The disadvantage to short-term
accountancy is that you are paying more upfront
because you have to set up the trial, but I would have
thought that in quite a short period—in a five-year
span or something—it must deliver better value for
money than this vague ad hoc system.

Q304 Lord Warner: Can we just probe this business
about whether the payers do know that they are
getting unevaluated tests? The funding mechanisms
at the moment in the NHS is money goes to the
primary care trusts, they buy care from providers,
hospitals are reimbursed on a tariV basis based on
PRGs and, by and large, people then leave it to
individual clinicians to do the tests they need to do in
relation to the patients they are seeing. Are you
suggesting that these tests are such that they need a
special treatment of evaluation before they are
brought into clinical use? That is what you seem to be
suggesting.
Dr Patch: No, I think what has happened in the
application of this science as a paradigm for the
complexity of the new biomarker testing is it has
highlighted a problem in the system which is not
unique to genetics. It is similar if one were thinking
about immunohistochemistry on tumour samples to
look for evidence of loss of expression of mismatch
repair genes in bowel cancer which may have a utility
in driving treatment. I do not think that genetic tests
are special, but I think it is perhaps because of the
complexity and the cost to a certain extent that is no
longer just absorbed within the costs of a routine
biochemistry lab that have highlighted a gap in the
system for all complex biomarker tests.

Q305 Lord Winston: With the big disease problem
like in heart disease, diabetes and vascular disease, is
it not really always going to depend on a much more
sophisticated IT system within the NHS anyway?
Without that, this kind of research is going to be
extraordinarily diYcult to do, is it not?
Dr Patch: Yes, and actually without interpreting the
results of a genome, and we are already at the limits
really of what the NHS IT systems can do in
interpreting the results coming out of our cytogenetic
and molecular laboratories. We are past that really in
the sense that the NHS IT systems cannot cope with
the data that is being generated and requires
interpreting. It is not just in relation to evidence, but
it is in relation to the practicalities of running the kit,
as it were.

Q306 Lord Warner: This is a question for the
Human Genetics Commission. In your report “More
Genes Direct” you highlight the lack of regulation of
new genetic tests, particularly tests sold directly to
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consumers and to the public. You submit that you
have a programme of work in place to encourage and
assist this sector to develop guidelines, good practice
and ethical conduct. Can you elaborate a bit more on
the activities that are going on in response to those
issues?
Dr Flinter: We held a meeting last Monday in
London to which we invited a wide range of people
representing many of the major providers of genetic
tests direct to the customer, and many other
stakeholders, charities, representatives of the patient
groups, various regulatory authorities and people
from the Department of Health. It was an
international meeting with European Council
representatives, people coming from America and so
on. We spent the whole day discussing the issue of
whether or not there was a need for some sort of code
of practice to provide a framework for the provision
of genetic tests direct to the customer. Perhaps
slightly to our surprise, there was pretty general
agreement that a code of practice would be helpful;
particularly the companies that are providing these
tests felt that at the moment it was very unclear to
them what the framework was in this country, what
the rules and regulations were, and they said that they
would welcome a code of practice so we then
discussed in the broadest sense what should be in that
code of practice. I think there was agreement that it
needed to cover both the scientific side of things and
the quality of the test that has been done, although in
a way that bit is already better controlled because
there are quality assurance schemes and labs can be
accredited and meet various requirements. We also
talked of this issue we have referred to many times
about the need for evidence to be provided to a
customer that actually tells them how useful the test
is and of course that is much more diYcult to gather
and in some situations does not exist yet. Alastair
Kent, who was speaking on behalf of the Genetic
Interest Group, made it very clear he felt that
customers very reasonably should expect to be able to
find out, whether by looking at the web or looking at
the literature that the company provides, what the
clinical evidence is for the validity and utility of the
test that they were considering taking. Inevitably
there was also some discussion as to whether all these
tests should be available direct to customer or
whether some of them should only be available by
going through a clinician. We then had a discussion
about what happens when things go wrong, because
it does seem to be rather unclear as to which
regulatory authorities are already there and what
their remits are; whether if there is an unreasonable
claim made by a particular company this is an issue
for the Advertising Standards Authority, for example
and I think the Advertising Standards Authority felt
it was not always necessarily qualified to be able to

deal with those sorts of issues and might prefer the
MHRA to take it on. The MHRA, I think, feel that
they are already overwhelmed with the amount of
things that they are required to look at and regulate,
so at that point in the meeting it all became rather
unclear and we realised that the next piece of work we
need to do is to map out in more detail what is the
existing regulatory framework, what areas are
covered and where there are gaps. I think we have
now identified a useful group of people who would be
willing to work with us in developing the outline of a
code of practice, which perhaps might be along the
lines of the Paternity Code of Practice which was
developed by the Department of Health a few years
ago and does seem to be working reasonably well.

Q307 Lord Warner: Do you accept then in this work
that areas like truth in labelling, claims in advertising,
would be covered by this territory for these types of
products?
Dr Flinter: I do not know who should have
responsibility for doing that, but clearly it is very
important that somebody does have that oversight,
because the customer needs to be protected and at the
moment they are not. They are advertised and sold
tests, many of which actually have very little real
scientific validity or utility. The trouble is that they
take those tests, they are then confused, they may be
falsely reassured, they may be falsely worried, they
then go and see their GP and the NHS has to try and
pick up the pieces.
Mr Hogarth: The code of practice would speak to
that. I was participating in the meeting on Monday as
well. The code of practice would speak to issues of
truth in labelling and informing consumers about the
strengths and limitations of what we know about the
tests and so forth, insofar as the code of practice
would provide a kind of framework for the
information that we would expect companies to
provide to consumers about their tests, so the
categories of information that they should provide to
consumers. In terms of ensuring truth in labelling, the
More Genes Direct report and the original Genes
Direct report from the Human Genetics Commission
was very clear that responsibility for that really lies
with the MHRA under its kind of responsibility for
the IVD Directive. Ultimately the MHRA is the body
who, if they feel a medical device, whether it is an in
vitro diagnostic device or some other kind of medical
device, is unsafe or problematic has the power to
either require the manufacturer to change the label,
change the claims it is making, or ultimately take the
device oV the market, but nevertheless I think the
code of practice has a very important role to play in
promoting good practice and explaining to
companies what information they must provide to
consumers.
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Q308 Lord Warner: Before I ask a further
supplementary, I detected from Dr Flinter’s remarks
that there was a singular lack of enthusiasm on the
part of the MHRA for this role in last Monday’s
meeting.
Dr Patch: I think it is fair to say that Stuart is at one
end of the spectrum in his view of what the view of the
MHRA’s responsibility is but there are other points
of view. I think the HGC’s position in the original
Genes Direct was that there should be a role for the
MHRA which at that time was not constituted
properly because the IVD Directive was just being
introduced and enacted. In More Genes Direct we
were perhaps less specific but the thing of More
Genes Direct was that this was something that
needed to be done and in the current regulatory
context, as it has been explained to us, the MHRA
seemed to be the body that should be taking it on.

Q309 Lord Warner: This is quite an important issue
for us so I would like to be clear as to where opinion
rests. Would it be fair to say that opinion is divided
over the enforcement activity in and around this
area?
Dr Patch: I think there are other people on this panel
who have a more in-depth understanding of the
regulatory framework. It seems to me that it depends
on the interpretation of the requirements of the IVD
Directive and whether the IVD Directive includes
issues like clinical validity and clinical utility and
opinion on that varies across Europe.
Mr Hogarth: I do not want to put words in your
mouth, Chris, but my understanding from the More
Genes Direct report is that HGC does support the
view that in terms of the risk classification system in
the Directive, genetic tests should be reclassified as
moderate or high risk so that they are subject to
independent, pre-market review before they come
onto the market. To be absolutely clear about the role
of the MHRA, it is a competent authority. Each
Member State has a competent authority in charge of
implementing the Directive and enforcing it in its
state, but the people who carry out the evaluation of
tests that are in the moderate or high risk categories
are not the competent authorities. They are in fact
independent third parties called notified bodies.

Q310 Chairman: These tests are international and so
a lot of them might be available on the internet. How
would this code of practice manage that?
Dr Patch: What was surprising about the meeting on
Monday, and we did have representatives there from
some of these very major players in this market, was
the appetite for a code of practice I think because the
companies want to be seen to be acting responsibly.
At the moment it is a complete free-for-all and they
see it as a mark of their quality if they comply with the

code of practice, but that is why, if this is developed,
it is absolutely vital that the various stakeholders buy
into it.

Q311 Chairman: Will there be a report from this
meeting and will it be widely available?
Dr Flinter: Yes. There is a very brief summary going
on the HGC website this week and there will be a
more detailed report fairly shortly.

Q312 Chairman: We will be able to have sight of it?
Dr Flinter: Yes. I think what has focused the minds of
the companies that are providing these tests was the
news from California last week that the tests there
have been banned, as you are no doubt aware, and in
one or two other places as well. I think they are very
conscious that unless they are seen to be behaving
responsibly and following a code of practice, there is
a risk that the tests will be banned all together.

Q313 Lord Warner: Is there a case for that ban?
Dr Flinter: I do not think so but we are concerned
that there is certainly potential for damage to be done
if people are sold unevaluated tests in an
inappropriate way without the availability of
professional counselling and so on. There are
undoubtedly risks that need to be managed, but
banning them all together is not necessarily the best
way of dealing with the problem.

Q314 Lord Warner: It is a conditional ban, is it not?
You have to have access to medical advice and the
tests have got to be done in approved laboratories.
Dr Flinter: That is right.

Q315 Lord Warner: Are you arguing that those
conditions are unreasonable?
Dr Flinter: No, I do not think those conditions are
unreasonable, although quite what access to medical
advice would involve is something of a grey area.
Some of the companies may feel that they can achieve
that by having a physician as part of their
organisation who is available to provide advice. That
is very diVerent from actually sitting down and
talking to a genetic counsellor before you have a test
to understand the limitations of the test, what it does
and does not do, what the implications might be for
the extended family and so on. I think that is a very
grey area.
Mr Hogarth: The fact is there is a very broad range of
business models and delivery models in what we
might broadly term as the consumer genetics market
and that ranges from companies who will allow you
to buy a test at the click of a mouse over the internet
with no discussion with anyone and you simply get
the results reported at the end of the process that has
been churned out of a computer, through to
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companies who will oVer as an inclusive part of the
price of the test pre and post-test counselling over the
phone or, in some cases, a post-test consultation with
a physician, so there is a very broad range of delivery
in business models in this market.

Q316 Baroness O’Neill of Bengarve: Can the truth in
advertising and consumer protection approaches go
beyond providing reassurance on the validity of the
tests? Can they also provide any reassurance on the
utility and, if so, a utility for what? When we began
you were talking about the sorts of trials that would
need to be done to take one from an understanding of
the validity of a test to an understanding of its clinical
utility, or lack of utility, yet I cannot see how these
approaches that we have been discussing in the last 10
minutes are addressing the clinical validity set of
issues.
Dr Flinter: I do not think they are necessarily. On the
whole they are sold as tests that give people
information, so they tell you something about your
risk which is modified in some way and sometimes
they are then linked to advice which might be lifestyle
advice, but of course there is no way of ensuring that
people take that.

Q317 Baroness O’Neill of Bengarve: If I were to try
to push a little on what you said at an earlier stage,
the lifestyle advice might be to drink more water,
smoke less, walk further, might be perfectly safe
advice, because it is good for everybody, but it does
not necessarily relate to the particular test that has
been paid for and taken, so that this lifestyle advice is
a risk-free activity for companies?
Dr Flinter: Relatively, yes. I think sometimes what
companies may then oVer subsequently would be
additional tests—body scans and things like that—at
a price, and of course with associated risks as well,
because there may then be exposure to radiation
which may or may not be appropriate and may have
consequences, and of course screening tests like that
can pick up other things in a way which may or may
not be helpful, so there are also risks associated
with it.
Dr Patch: I think there is also a question of truth in
labelling including what is known and what is not
known.

Q318 Baroness Perry of Southwark: Going back to
the kind of guidance you might oVer or regulation
that you would set up for these companies, would it
not be helpful to have a factual explanation of what
the figures mean? If you are told that you have a 30
per cent increased risk of some rather rare disease,
that may mean that you go up from, say, seven in
10,000 to nine and half in 10,000. If the regulation
said that you have to not only say a 30 per cent

increased risk but describe what it was, would that
not be a big leap forward? I think people are
frightened by a figure like a 30 per cent increased risk
and if they do not have the counselling over the
phone or in person, then at least it could be explained
on the printout.
Dr Flinter: I think it is a very good suggestion; it is
extremely diYcult to do. On the whole, people are not
numerate. They do not understand odds ratios and
risk figures and, even if it is well explained in writing,
I think many people getting that actually will not
understand what the risk really means. As somebody
who has spent a lot of time talking to patients in the
clinic, you can sometimes spend half an hour or more
trying to get somebody to understand what a one
chance in four means and what it really means to
them. These slight alterations of overall lifetime risk
are extremely diYcult concepts to explain. I am not
sure that even very good explanations in writing will
really ensure that the person who receives them has
understood them.
Dr Patch: It is important to use the concept of
absolute risk rather than relative risk. As you have
rightly said, roughly a 20 per cent increase of breast
cancer increases my risk from 10 per cent to 12 per
cent. If you frame it in that way you can somehow
incorporate that increase in risk into your decision-
making. I think where some of the website-based
companies have done something useful is in the way
they have presented the risk figures in terms of the
population risk is here on this lozenge. We have
graded it from green to red. Your result will move you
up to here, which in fact is a very small movement. I
think some of them have been very innovative in the
way they have interpreted this.
Mr Hogarth: I think that is right. I have heard
clinicians and scientists in the US say they have been
very impressed with some of the emerging new
models of how to convey this information that these
companies have come up with. What we have now is
some emerging new standards best practice from
some of the best players in the industry which I think
a code of practice would be very well placed to
identify as something people perhaps should follow
because it is undoubtedly the case that some
companies are doing this a lot better than others.

Q319 Baroness Perry of Southwark: We visited
Washington and heard evidence and we were very
impressed with the care that they were taking. I think
the good companies are very much taking this on
board. My question is one that I am particularly
interested in. We know that the costs of the DNA
sequencing are coming down now as they do and
there is no doubt that a lot of people will want to
know the sequence of their own genome. Certainly
again in the United States it is becoming extremely
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popular. What do you feel are the risks and the
benefits of more and more people knowing this about
themselves?
Sir John Sulston: I absolutely agree with your point
that it will happen. People are obviously going to
start doing this more and more, as a trophy to have
their DNA sequence. Our job in the Genetics
Commission is to look at the uptake of this and make
sure that the process is eased socially and ethically.
There is no immediate benefit whatever in doing that
and perhaps somebody else could amplify on that
point, but I would like to emphasise that I am hugely
excited by this from the point of view of scientific
research and I think that is where the value is. In the
long term scientific research is obviously of benefit to
medicine. In the long term we shall understand our
whole constitution and origin in very great detail. It
may very well come to carrying around our sequence
in the way that we were mentioning earlier, but right
now it is valueless; one of the many reasons why I
have not had my own genome sequence done unlike
certain colleagues. Just understanding the
comparisons, the exciting programme that is going
forward with the 1000 Genomes Project which are
pouring out of the Sanger Institute and other places,
the comparison of these genomes is very important;
the sequencing of specific genomes, like for example,
cancer genomes is very important, but it is all at the
research level. It fits very well in fact with the HGC’s
view of the genetic solidarity that we would be
contributing to this, and in that sense I have no
objection to being sequenced at all. It is just that one
should not expect personal benefit normally from
doing this because it is more appropriate just to have
testing. One other thing I would like to say is that,
unlike some people, we tend to argue quite a lot about
this and I do see benefit in this in that I think it is
going to force us into a position of having more
genetic data floating around and therefore having to
deal with it. You mentioned, for example, the need
for IT—obviously we have to do all that—but also a
matter of ethical handling, as Baroness O’Neill has
pointed out for many years, that we cannot use the
old ways of dealing with this sort of thing and we will
be coming to that later on. The main thing is that it is
going to happen, it is going to change our way of life,
but I think the statements about short cuts to the
value of having your genome sequence are misplaced.

Q320 Baroness Perry of Southwark: I interested that
you say it is absolutely valueless. Are there not single
gene disease-related information which is an absolute
certainty that you are going to get it?
Sir John Sulston: Yes, you will pick up certain things.
It is just a matter of cost benefit. The single genes in
any case people will know about in their families.
That is why I referred to specific testing.

Q321 Baroness Perry of Southwark: That is surely a
major ethical question, is it not? If you tell somebody
that they are inevitably going to suVer from
Alzheimer’s at some time in their sixties or seventies,
do you tell them or do you not tell them? Do they
want to know or do they not want to know? Would it
change the way they behave or would it not change
the way they behaved in the meantime? These are the
ethical issues, are they not?
Sir John Sulston: I agree. That is why I would like to
hand over to my colleagues to discuss that because
that is what they deal with every day.
Dr Patch: In a sense we are dealing with those ethical
issues now in the context of people that know they are
at risk through having a family history. I can see no
benefit at all to taking a person from the population.
How would we handle it if every single woman knew
her BRCA gene status? Individual women might
want to know their BRCA gene status and, if it is
appropriate, we will oVer that testing. In terms of
actually promoting the act of going out and doing
this for benefit now, I think there is no benefit at all.
If you want to know your BRCA gene status because
you have a high risk family history of breast cancer,
that is an individual decision as to whether that is of
any personal benefit to you.
Dr Flinter: There is one other issue to bear in mind as
well. We tend to think that genetic tests give a
definitive result, but in fact when you sequence the
BRCA gene very frequently what you find is a variant
of uncertain significance. You do not know whether
it is pathological or not and that sort of information
is not helpful at all because it raises anxieties and
concerns but it tells you absolutely nothing about
whether or not that woman is at increased risk of
breast cancer. Until we are better at actually
interpreting sequence variation, the value of having
extended lengths of sequence is very little.
Dr Patch: We need to distinguish very clearly, and
you will have heard this argument before, between
the analysis, between the analyte, between the
sequence of letters and between the interpretation of
the meaning of those sequence of letters. Those are
very diVerent things. You need both to happen to use
the information generated.

Q322 Lord Taverne: I understand that in the United
States they have some plans for the routine screening
of all babies in the future. You do not anticipate that
happening in the foreseeable future over here. Would
it not be of some potential future use? Presumably
there is some reason for doing it?
Sir John Sulston: We wrote a report about this called
Profiling the Newborn precisely because we were
asked to look into it by ministers. It is looking ahead.
To sequence whole genomes, we are not there yet for
everybody to have. This is a rich person’s hobby to
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have it done now and for some years to come. It may
be the horizon of it being publicly aVordable may
come forward to 10 years from now, I do not know,
but what we really went into in Profiling the Newborn
were the issues of ethics and whether it is appropriate
to produce this data from a child which is not able to
give consent. I do come back to my original statement
and I believe very strongly in this. I think that
inevitably it is not only going to drive the science but
it is going to drive the ethics as well. I think we are
going to have to get used to having our genome
known just as we have credit cards and we have
mobile phones and they are intrusions on privacy if
misused. In my opinion—this is not HGC opinion—
the ethical dilemma will actually reduce as a result of
doing these things and we may then at some point say
what does it matter, yes, sure, sequence at birth, we
will do it. But how to get from here to there is a rough
road because right now it is going to be unusual, we
have privacy issues and, as we are coming to I hope
later in the discussion, we have discrimination issues
which are very real and have not been dealt with and
until we have dealt with those then the ethical
problem stands very starkly.

Q323 Lord Taverne: It may also raise some quite
diYcult issues within a family, might it not, if one
finds that the family relationship is not quite what
was expected?
Sir John Sulston: All of that will come out, absolutely.
This is what I mean about getting real and getting
used to it. There will be no secrets about paternity
anymore.
Professor Weale: I am wondering in terms of these
ethical issues whether it is worth making a distinction
between the sort of ethical issues which arise at the
individual family level on the one hand and the sort
of ethical issues which might arise at a subgroup level
at the other. The technologies we are talking about
have implications for both. Clearly in terms of
individuals, and leaving aside the whole genome
sequencing issue, knowing about your potential
adverse eVects for a particular medicine is very useful
indeed. One of the things that our report was
concerned about was much more at the subgroup
level that as it became apparent that what
symptomatically appeared to be one disease turned
out to be a number of diVerent diseases. In terms of
its underlying biological characteristics, one could be
in the situation of identifying groups of people who
were susceptible to conditions which were in fact very
rare and therefore one would start to think about
orphan disease status and the incentives that
pharmaceutical companies have to develop products
in relation to those groups. It is also worth bearing in
mind at this group level that there are ethnic and
racial diVerences in gene frequency profile. That is

very important in terms of susceptibility to adverse
eVects and might well interact in rather complex ways
with feelings of discrimination and so on for the
members of those groups. It may be helpful in trying
to tease out the ethical issues to have in mind a clear
distinction between the sorts of problems of
confidentiality that arise for individuals and the sorts
of broad problems of social solidarity that arise for
subgroups.

Q324 Lord Taverne: This is a question for Mr
Hogarth: you have already referred to ways in which
the EU regulation of genetic tests could be improved
in the In Vitro Diagnostic Devices Directive and there
seems to be general agreement which is also featured
in More Genes Direct that the classification of the
tests at a lower risk should be reviewed. Are there any
other improvements that you think are needed and
how would they protect public health?
Mr Hogarth: Let me set this in the context of what I
think the primary goal of this particular regulatory
mechanism should be. The primary goal of this
regulatory mechanism should be to ensure that
doctors and patients have comprehensive and
accurate information about a test’s strengths and
weaknesses, its accuracy, its utility, its safety, to be
able to make an informed decision about whether or
not to use it and that when they get test results they
have accurate and comprehensive test results which
they can understand and which can guide treatment
decisions and preventative actions. I think that
should be the primary goal of the regulation. In terms
of the weaknesses of the Directive and how we might
improve it, we have already talked about the fact that
because of the risk classification system genetic tests
are treated as low risk and are not subject to pre
market review. I think that is a very important reform
that needs to be carried out and I am very glad to be
able to say that at the moment the European
Commission is consulting on the recast of all the
Medical Device Directives and in its consultation it
specifically asked about whether or not we should
change the risk classification system. Secondly, there
is the issue of the essential requirements. What must
a manufacturer do before they put the test on the
market? Christine has already alluded to the fact that
there is ambiguity about whether or not a
manufacturer has to provide details about the clinical
validity of the test as well as its analytic validity. The
MHRA’s position, which I have heard them express
in public a number of times now, is that if a
manufacturer makes clinical claims for its tests, so
about the relationship between the gene and the
disease, then those claims have to be backed up by
scientific evidence, but if it does not want to make
clinical claims about its test then it does not have to
provide evidence on clinical validity. In fact, a
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number of European Member States disagree with
that. For instance, ASAP, (?) the French regulatory
authority, would argue that to fulfil the essential
requirements of the Directive you must provide data
on clinical validity as well. I would submit that in
terms of answering the key essential questions that a
patient or a doctor would want to know, which is is
this test right and what does it mean, then you have
to have data on both the analytic validity and the
clinical validity of the test and if you do not have that
data then you should not be putting the test on the
market because you cannot oVer a meaningful result.
I think we really need to clarify the ambiguity in
Essential Requirement (3) of the Directive which
talks about analytic sensitivity and specificity and
diagnostic sensitivity and specificity. Next there is the
issue of laboratory developed tests. You may have
heard this term in the United States which has been
used now by the FDA and it means an in-house or a
home-brew test; that is to say, a test that has been
developed and has been performed in a single clinical
laboratory rather than a kit which has been made by
a manufacturer and sold to multiple laboratories.
These are laboratory developed tests (LDT’s). Unlike
the United States, in Europe the Directive says that
LDT’s are covered by the In Vitro Diagnostics
Directive, except there is an exemption for what they
call Healthcare Institutions. In the UK that means
there is an exemption for NHS labs if they want to
make laboratory-developed tests. Unfortunately
there is significant variation in European Member
States in how we are applying the Directive to
laboratory-developed tests, so there are European
Member States who have not given an exemption to
any laboratories, public or private sector. There are
other European Member States who seem to be not
treating laboratory-developed tests as medical
devices at all. This lack of harmonisation is a
significant concern and another issue that we need to
address. The other issue that we need to address is the
fact that we now have emerging business models
where the laboratory-developed tests, like the
Oncotype DX test produced by Genomic Health in
the United States, are being oVered to patients in the
European Union, often through an intermediary in
the case of Genomic Health who have partnered with
a UK company called Medical Solutions. The
position of the MHRA is that if the test is performed
in a laboratory outside the European Union then it is
not subject to the Directive. This creates a
horrendous double standard where there is no way in
which the regulations are being applied to a growing
number of tests that are available to consumers in the
European Union from companies outside the
European Union. It also creates a perverse incentive
for the UK and European biotech sector to shift oV-
shore, which I am sure the Committee would agree

does not seem very sensible from an economic
perspective. Then there is the issue of transparency
because if we focus our regulation on the idea that we
want to make informed consumers, informed doctors
and patients who can understand test results and
make informed decisions and intelligent decisions
about whether or not to use them, the fact that the
company’s data on its tests is treated under the
Directive as commercially confidential and is not
made transparent and open is something that needs,
again, urgent review.

Q325 Lord Broers: I would like to turn to some of
the discrimination issues and my question relates to
insurance. The Association of British Insurers
announced two weeks ago the extension until 2014 of
the voluntary insurance moratorium on the use of
predictive genetic tests for insurance purposes. Is this
voluntary extension suYcient to cover all aspects of
potential insurance discrimination, or is further
attention required? Is there a need for legislation in
this area?
Sir John Sulston: The HGC of course welcomes the
extension of the moratorium. It is a step on the way.
We think it is extremely important that people should
not be excluded from being able to obtain insurance
and exactly how one achieves this is inevitably a
matter for debate. It is not a matter for simple black
and white solutions in the headlines. We did
recommend that there should be a genetic line in the
Single Equality Bill. It is unclear whether there is
appetite to actually do that and it is equally unclear
exactly how that would feed through into insurance,
because you can argue that, where insurance is
concerned, it is actually fair discrimination, not
unfair discrimination, which is why I said at the
beginning the important thing is not to have an
excluded class. A couple of details about the
moratorium and what it entails: one very problematic
aspect, and this is only deferring the problem rather
than getting rid of it, is the test now creates a
problem, namely that the ABI has understandably,
but staunchly, resisted any promises about what will
happen after the end of a moratorium, either the
previous one or this one. Somebody may well be
inhibited, and people are being inhibited, we hear
from our own consultative panel, from taking tests
now because this will then be on their record and they
cannot get ride of them later, so it is not solved in a
temporal sense. Equally important is that it is very
limited what the moratorium does, because it applies
only to tests on DNA and they are very unusual. The
only test which has been approved is for
Huntington’s at the moment. The companies have
been minded to apply for tests on BRCA and I think
on colon cancer as well, although I am not sure, but
it has not happened as they withdrew. There was a bit
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of an outcry in the newspapers and they withdrew the
preliminary application. The reason that they are
content for the moment is that actually they depend
much more on family history and they are pretty
happy with that. They are also not prohibited from
using tests of a metabolic nature, of a proteomic
nature or other tests, anything in fact that is not
directly looking at the DNA. The moratorium, I am
afraid, although we are very pleased that it exists and
it is being extended, is a very limited instrument. The
answer to your question is no, it is not suYcient, and
we have to find ways of ensuring that people are not
excluded from full citizens’ rights on grounds of their
genetic data.

Q326 Lord Broers: What is your prognosis that such
regulations might be introduced?
Sir John Sulston: We have to go on pushing for it. We
are waiting to see what the outcome of the Single
Equalities Bill is right now and we shall just have to
continue working to try to ensure that people are
equitably treated.

Q327 Chairman: Do you think we should have
similar legislation to the USA that has just recently
been passed?
Sir John Sulston: The GINA? That is very interesting
and it is important and I am sure others will want to
comment on this but I will put one or two
pennyworth in, if I may. GINA tackles of course a
very diVerent situation in the US, in that it is covering
health insurance as well, and that is an extraordinary
thing. It is very surprising that it has gone through. It
has gone through because of the dedicated eVorts of a
group of people, including Francis Collins, who dealt
with the matter at NHGRI, for many years now. It
sat in Senate for ages and has finally been approved.
It is a much bigger thing for them than for us because
it is covering an awful lot more resource to prohibit
genetic discrimination in health insurance. It is very
much bound up with employment because many
private health insurance schemes are through the
employers. It is a remarkable thing. It will be much
easier for us to follow than for them and I personally
am excited and dismayed by the fact that I think we
are being left behind ethically in this country if we do
not take similar but smaller steps on our behalf. I do
hope your Lordships will see fit to support the idea
that we should make sure that this is equitable in the
future. Although your question does not apply to
that, we should put employment in there.

Q328 Lord Broers: You would like to see us have a
recommendation?
Sir John Sulston: We would. The HGC has
recommended that there should be non-
discrimination in employment. We are monitoring it

but, thus far, we have very little problem in this
country. We see potential for problems as genetic tests
perhaps become more diagnostic of lifespan or
debilitating disease, and so I think it is something we
have to be aware of and to implement as needed. One
other thing about GINA which I think is important
is that it removes the complaint, which we have heard
from companies when we have been discussing
regulation of genetic testing, that the business
atmosphere is freer in America; in fact there is at least
one company that has left the UK and moved to the
US because of the easier atmosphere there. GINA
and the events in California, of course, now mean
that there is no business argument for not having
proper antidiscrimination rules in place here as well.

Q329 Lord Broers: In the United States with their
legislation with respect to age, they need it more than
we do, but we may change our legislation with respect
to age which would make all of these issues more
important presumably?
Sir John Sulston: I guess.

Q330 Earl of Northesk: In part, Sir John has
foreshadowed my question. To state the obvious,
personal genetic data must be stored in ways that
ensures confidentiality and security, but excessive
regulation can be counterproductive and impede
progress, for example, in research, or in conferring
potential benefit to family members. Does the current
system of regulation balance these needs adequately,
or does this need further consideration, or perhaps
even further legislation?
Dr Flinter: It is an interesting dilemma, is it not?
Patients as individuals expect us to look after their
information securely. They also expect us to look
after their DNA samples securely. In fact, it is far
more common for patients to express concern about
who else might have access to their DNA sample than
to express concern about who else might have access
to their medical records. To be more specific, the most
usual question is “could people like the police get
hold of my DNA sample?”, because we do explain to
them that once we have done a test any remaining
DNA is usually stored for possible future use, unless
they expressly ask us not to do that. There has of
course been so much publicity about data loss
through human error over the last few months that it
has become a very topical issue. Although the Data
Protection Act is very clear in laying out what
people’s responsibilities are, of course it cannot
prevent inadvertent loss. It is therefore appropriate to
look and say: “what are the sanctions in place if
things do go wrong and if people suVer harm as a
result of identity theft or whatever?” I am not an
expert in this area but my understanding is that the
Data Protection Act does not have a lot of teeth.
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There is not an awful lot that can be done when data
is lost or inappropriately accessed. On the other
hand, researchers would say that sometimes they now
find it diYcult to collect the sort of data they need,
particularly to do prospective long term studies. At
the time we obtain consent from people to do a
particular test, or to take some DNA, or to enrol
them in a research project, it is not always possible to
know what the potential uses of that information
might be in the future, so it is not really possible to get
consent in a specific sense for all the possible ways
that that data could be used in future research. I think
that is an issue that we need to look at more carefully
so that we can make sure that we do not hamper long
term large prospective epidemiological studies, but at
the same time do protect individuals’ data and
samples, which they have a right to expect us to do.
Professor Weale: Over a number of reports this is an
issue on which the NuYeld Council has been
concerned. The Council has always set its face against
too strong a doctrine of informed consent if that is
understood to mean that you have to consent to each
and every subsequent use of a sample that you are
given, precisely I think for the reasons that Frances
has just referred to, namely that it is very diYcult in
terms of research to anticipate what possible uses
samples might have. This is me rather than the
Council, but I think although the Council tends to
take a broad interpretation of consent rather than a
narrow interpretation of consent, perhaps the way to
think about this is that individuals do need some
assurance when they are giving a sample that it will
not be misused, and just as we cannot anticipate
valuable uses in the future, so by definition it is
diYcult to anticipate misuse in the future. Therefore
the crucial principle in the design of the regulatory
framework for this is one which gives suYcient
assurance to reasonable citizens that their data will be
protected and will be used for the purposes that
satisfy some threshold of ethical integrity of research,
but there clearly is a diYcult balance to be struck.

Q331 Baroness O’Neill of Bengarve: Dr Flinter, you
electrified me by uttering the only words of praise for
our current data protection legislation that I have
ever heard in recent years and that is exciting, but at
the same time this crunch between the issue of
confidentiality for the individual and, on the other
hand, the availability of information for
epidemiological public health purposes and research
is, I would have thought, something that is bubbling
pretty hard now. Do you have any views on how it
might be resolved? Would clearer expression by the
Information Commissioner and/or others of the
diVerence between anonymised—I do not mean de-
identified—data and data that are not anonymised

and diVerential treatment of the two categories go
some way to helping matters?
Dr Flinter: I think it would help. I think the other
thing that would help is a general public discussion to
try and help people understand how, in an altruistic
way, use of their personal medical data could benefit
medical research and science in general. If we can
reassure them and give them the confidence that their
data will not be misused, and that they will be
protected from individual harm, then on the whole I
think people are very willing to allow their samples to
be used for research and for long term data about
their medical conditions, as they progress, to be used.

Q332 Baroness O’Neill of Bengarve: Just as they
rather expect their doctors to use information
obtained in treating prior patients in the course of
their treatment.
Dr Flinter: Precisely.

Q333 Earl of Northesk: Do you think there is a case
against the generality of data in the way in which the
Data Protection Act is framed in treating medical
data generally, and genetic data specifically, as a
separate subset of the generality of data, in the sense
that there is potentially quite a strong argument for
the individual’s interest in that data to be treated
from an opt out process rather than opt in?
Dr Flinter: In general we need to be careful about
always saying genetic data is diVerent and should be
treated diVerently. In many senses it is not diVerent,
but the one sense in which it is diVerent is that
knowledge about an individual’s genetic make-up
can also have implications for their relatives and
there can be very important ethical consequences of
that. If we know that a woman who has a son with
Duchenne muscular dystrophy, for example, is a
carrier of Duchenne muscular dystrophy, then there
is a high risk that her sister could also be a carrier
and, if her sister were pregnant, then obviously there
are important and urgent potential implications for
that pregnancy. In clinical practice the way we handle
it, certainly in the department where I work, is when
we obtain consent from people to do a genetic test on
them; at that time we explicitly discuss the fact that
information generated from that test result could
benefit other members of the family, and we seek their
consent to give that information to clinicians looking
after their relatives, if it would be appropriate. If you
have that discussion at the beginning, and explain the
potential value, people are happy to give that
consent; but it does mean thinking ahead at the time
you are doing the genetic testing, rather than finding
yourself in a situation of having to contact them out
of the blue, some years down the line, in order to
request permission to pass that information on.
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Q334 Lord Warner: Could I ask about access to
these what will be growing genetic databanks of the
police and prosecuting authorities. Is that an issue
which has concerned either the NuYeld or the HGC?
Dr Flinter: The HGC is planning to do some work on
genetic research databases generally and there will be
a working party looking at that. There are members
of the HGC who sit on the ethical committee that
oversees the police DNA database. It is a question
that worries patients. They not infrequently ask “will
the police be able to get hold of my DNA?” and our
answer is generally “no, the data is held securely
within the NHS facility or research facility where that
sample is taken”. My understanding is that it would
be highly exceptional for the courts to order that a
sample of DNA were given to the police and I do not
know of any situation where that has happened.
Professor Weale: The NuYeld Council published a
report on the forensic use of that information at the
end of last year. This question of how data is held
does arise in a variety of institutional contexts. As
you will know, proportionately the number of DNA
samples held on the UK population is the highest in
the world. We thought that that did not reflect an
adequate balance between the interests of public
security on the one hand and the legitimate interests
of individuals who may have given samples, for
example, because they wanted to be excluded as a
suspect from a scene of crime or they had been
questioned but not charged with a crime. We did not
feel that holding the samples indefinitely without
those giving the samples being able to withdraw them
did respect adequately rights of privacy,
confidentiality and civil rights. One of the guiding
principles that we made in trying to strike that
balance between confidentiality on the one hand and
public security on the other was to say that there
ought to be evidence that police authorities should
have that holding these samples actually would
contribute towards public security. I think our
current understanding is that the authorities in this
respect may be moving in a direction which we would
find more sympathetic in recent weeks, but there
clearly are very serious issues there which arise about
both the utility of holding this forensic information
and about the implications for individual rights.

Q335 Earl of Northesk: What ethical implications
arise from large population databases such as UK
Biobank and the potential for these databases to be
linked in the future to other databases, for example,
to electronic health records? Linked with that, and
possibly one of the more important questions of all,
who is, or indeed who should be, ultimately
responsible for ensuring confidentiality and security
of individuals’ details?

Sir John Sulston: This is very important and very
worrying. Can I hark back for a moment and this is
going to overlap with some of the remarks that have
already been made: although it is quite right to talk
about the forensic databases, I think we should make
it clear that there are two diVerent sorts of database
entirely: the ones that are held for medical reasons
and the ones held for forensic reasons. The same is
not of course true of the samples. It is a very much
more sensitive issue that the police database is
hanging on to the DNA samples because they could,
in principle, be misused by looking at other things,
but so long as you only have the microsatellite data
then you really are not looking at any medical
information; and the reverse is true, that only by
getting the DNA sample and running the
microsatellite test will the police be able to use a
biological sample forensically. I think we can be
reasonably happy about keeping those two things
apart, so long as the rules about transfer of physical
DNA are observed. As for these new population
databases, I am not going to give a clear answer
because there is not one. Frances has already alluded
to the fact that there is a piece of work going forward,
one of our biggest pieces of work, just being initiated
under the lead of Sarah Cunningham-Burley,
Professor of Sociology at Edinburgh, to consider
this. There is also quite a lot of work going on here
and in America already. There is an ethical
committee, as you are aware, for the Biobank. There
is work going on in connection with the 1000
Genome Project that I have already referred to these
individual genomes. The issue with all of this is that
of course we do not know what will happen when we
start linking databases together. Each individual
genome is unique and people can, in principle, by
putting queries into diVerent databases that are
linked together, acquire the identity of an allegedly
anonymised subject. There are issues about this and
they have to be dealt with in the end probably in a
statutory way, but we need to define exactly what the
right way of doing that is. The HGC’s position is as
always that we must balance the principle of
solidarity—the research value of the linked databases
and the collective data to all of us in finding out how
we work and how we improve medicine—with the
right to privacy. As Baroness O’Neill has pointed out
for many, many years, we cannot do it by informed
consent. You have made it very clear and it is
obviously right. The HGC is following in your
footsteps here in that we are much more talking in
these terms now than we were when we put out Inside
Information. The reason is, of course that you cannot
have complete information about what is going to
happen to data either on the part of the subject or on
the part of the practitioner or researcher who is
collecting the data. The future is uncertain. We have
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to have a diVerent sort of consent. We cannot promise
to remove people’s data from these databases as it
gets spread around into diVerent ones as it moves
from one computer to another. We cannot go
backwards on that—I do not think that is feasible in
research terms—so what we have to do really comes
back to this idea of having statutory rights of people.
Although we hate the idea of genetic exceptionalism,
there is a propagatory nature of this sort of
information that means that we do have to learn to
treat it separately and to legislate. We cannot in the
end prevent data being picked up and used wrongly,
perhaps to somebody’s disadvantage, so what we
have to do is to have proper sanctions against that
happening. In particular, and we have already
referred to the fact, there must be a robust recovery
procedure so that if somebody does run into
disadvantage as the result of being incorporated into
one of these schemes then they can be properly
reimbursed, or if it is a real case of identity theft, for
example, in an extreme case, then their lives can be
somehow put back in order. We should not neglect
the minority of people who will suVer. It is going to
be rare. I do not think many people will suVer but it
could happen and so we must have a procedure in
place for looking after them.
Professor Weale: In terms of Biobank, in the forensic
use of bioinformation report, NuYeld was actually
quite impressed by the ethics and governance
framework that had been put into place and indeed I
think gave a very generous pat on the back for that,
not just because participation was voluntary and
participants could withdraw at any time, but the
framework had established this ethics and
governance council which, if you like, could act as a
watchdog on behalf of the connectivity of those
giving samples, an independent body who is
transparent and had access to committee proceedings
and standard operating procedures and so on, so that
might be a possible model. How one deals with this
more complicated question of putting diVerent
databanks together does raise diYcult institutional
issues.

Q336 Lord Broers: Genetic tests for diagnosing and
managing common diseases are increasingly being
performed outside the Regional Genetic Centres
across the whole range of medical specialities. The
Committee has received evidence that more
education is needed for physicians, nurses and
laboratory scientists and that more genetic
counsellors are required. How urgent is the need for
more education, what is the scale of this need and
where are the priorities?
Dr Flinter: I might change slightly your first
statement, in that more and more genetic tests are
being requested by physicians outside genetic centres,

but the vast majority of the tests are still actually
being done within the laboratories in the Regional
Genetic Centres. Increasingly cardiologists and
neurologists and so on are requesting genetic tests,
but the samples are sent to the Regional Genetic
Centres for analysis. It is very clear that clinical
geneticists cannot control all the genetic testing that
takes place in this country. We are a small number of
clinicians, we work in a very specialised area and we
concentrate on the management of single gene
disorders; but what we can do is work with our
colleagues in other specialities to help them develop
clear guidelines, or protocols, which identify the
subgroup of their patients for whom genetic testing
may be indicated. We can explain to them and teach
them the sorts of processes we normally go through
before we embark on a genetic test: talk about
obtaining a family history, finding out if anybody in
the family is pregnant, for example, being aware of
the implications to the extended family and we can
help them decide on a protocol-driven basis which
genetic tests to request for which patient. We can
make sure that when they get the report it is written
in such a way that they can understand and it helps
them with their future management of the patient. I
think clinical geneticists and genetic counsellors will
have a role in working with colleagues as genetics
becomes more and more part of mainstream general
medicine and even surgery in some cases. That does
of course mean that there is a need to educate a much
wider group of healthcare professionals in other
specialties so that they can use genetics appropriately.
As a practising clinician and a consultant geneticist,
I welcome the work of people like the Genetic
Education Centre in Birmingham, which was set up
with funds following the Genetics White Paper. It is
doing a lot of very useful work in terms of identifying
which skills other professionals need to acquire in
order to use genetic tests sensibly, and which are the
ones that they actually do not need to worry about,
because there are still some things that it will be
appropriate to do in the Regional Genetics Centres.
If somebody is found to have a genetic condition and
wants to consider all the reproductive options and
possibly prenatal diagnosis or pre-implantation
genetic diagnosis, it is probably best that they come
and see a consultant geneticist or a genetic
counsellor; but there will be many other things that
our non-genetic colleagues can do. In terms of how
great is this need for educating other professionals,
the Human Genetics Commission has not formally
counted that. We are aware that there is a very great
need and I suspect at the moment that we are not
quite meeting it in that some of our colleagues are
beginning to use genetic tests, perhaps not always
appropriately, perhaps sometimes requesting a very
great long list of tests all at once when it might be
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more appropriate to go through a staged process and,
sometimes asking for a genetic test when actually a
simple x-ray might give them the same answer much
more cheaply and much more quickly.
Mr Hogarth: This may be a case where genetics is
again pointing to where the weakness is and certainly
I have heard evidence from a number of people I have
interviewed that they feel that there is a broader lack
of education on the part of many physicians to
properly, eVectively and safely use diagnostics to
understand the diVerence, for instance, between
absolute and relative risk to understand the
significance of negative and positive predictive values
that they might be given in test results.
Professor Weale: The only thing I would add from the
pharmacogenetics point of view is that when the
working party was doing its work it was very
conscious of the fact that if pharmacogenetic testing
would be introduced into prescribing behaviour, that
would carry quite substantial implications for the
understanding that primary care professionals and
others had about the significance of those tests, some
of which may be carried in the licensing requirements,
but would still pose diYculties in communication and
interpretation.
Dr Patch: I would like to raise one other point as a
nurse and genetic counsellor. You raised the issues of
genetic counsellors but I am not sure whether you are
aware that there is no statutory professional
regulation for genetic counsellors. Those of us who
have been in the field for a long time, most of us are
nurses, midwives or health visitors, so I maintain my
nursing registration. We have a voluntary
registration board set up and about half the
profession are now registered, but given that we are
only 300 in the country and that we are doing this
basically unpaid and as volunteers, we have done
remarkably well. We are probably going to be in a
position to submit an application to the Health
Professions Council by the end of this year, we hope,
and that will go through the process however long
that takes and hopefully it will be met with
enthusiasm. I think this is of relevance as earlier
discussions related to the provision of genetic testing
services and the fallback position of well if you have
a bit of genetic counselling you will be fine. I think it is
about the appropriately qualified health professional
and whereas most of us are currently employed
within the NHS within the governance arrangements
of being an NHS employee, anybody can set
themselves up as a genetic counsellor and there is no
protection for the public.

Q337 Lord Broers: I am troubled by this relative
versus absolute risk in the point that Baroness Perry
brought up. Having lived half of my life in America
and half here I am aware that what will work in

America may not work here and vice versa. We are a
verbal nation, they tend to be a numerate nation, and
you only have to think of weather forecasting in that
we are told whether it is going to be hot or cold and
whether it is going to rain, whereas Americans just
want the temperature and the probability of
precipitation and the wind index. It is a diVerent
society. It might be a good idea to develop a set of
categories or rank risk so that physicians and people
can know whether it is serious, very serious or not
serious rather than give them a number which they
will not know how to handle.
Dr Patch: We spend our working lives interpreting
risk to people and it is very diYcult.
Lord Broers: That is my point. If you could rank it, as
one does rank things, it might be useful.

Q338 Baroness O’Neill of Bengarve: The HGC has
submitted that in research in the processing of
genomic information and in translation to clinical
practice there are opportunities for private sector/
public sector collaboration. What are the
opportunities and how might they best be developed?
Sir John Sulston: We need to clarify our position here.
It was in our written submission of course but there
was a very important sentence in there that said we
consider it very important to have an independent
evaluation and of course this harks back to our
comments about the way new treatments of any kind
should be trialled and dealt with. We do not see the
idea that more is always better; that we should be
pushing the NHS to take up always the latest wheeze,
always the latest drug; we think that is quite wrong.
Obviously there is benefit though in having good
interactions, good horizon scanning so that people
are aware of what is going on, what is coming to
market, what may be available, what may be useful,
so that the evaluation can take place in good time. I
am not an expert on the specific barriers and I would
pass that to others. I really think it is very important
that we do not keep saying we must take up faster; it
is not as simple as that.
Professor Weale: I was rather intrigued by this
question. I noticed in our pharmacogenetics report
that we did cite the example of the meningitis C
vaccine where the NHS had actually said to industry
if you can come up with this vaccine then we will
purchase it. The inference that I would draw from
that is that if there were a clear and distinct advance
where one could see very considerable benefits
following from that, then there are these precedents
where one could imagine public/private partnerships
of varying forms being useful.
Mr Hogarth: When we have been doing our research
and regulation which can be construed as unkind to
industry, we have also been trying to think of ways to
be kind to industry, so we have been asking the
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question not just how do you evaluate clinical data,
but how do you create the incentives and the
infrastructure for the generation of clinical data? It
has been quite clear in our research talking to people
in the in vitro diagnostics industry that because the
industry’s traditional business model is that it has
intellectual property in testing platforms, not in
biomarkers, it is very poorly incentivised to do
clinical studies that develop the clinical evidence base
for the clinical validity or the clinical utility of new
biomarkers because any single company that puts the
investment into such a study will immediately have
multiple other companies riding on that investment
by putting out a similar test unless it has intellectual
property in the biomarker and can have some kind of
monopoly. I think it is very important to address
these issues. Some companies are going down the
route of taking intellectual property in biomarkers
and on the basis of that investing in clinical studies,
but there are a whole range in this area of genes which
the IP is in the public sector or that have not been
patented where that kind of business model is
definitely not going to work. We do not even know if
it is a sustainable business model anyway, so I think
the need for public/private collaboration to build the
clinical evidence base is actually overwhelming and it
is simply a question of how we can go about it.

Q339 Baroness O’Neill of Bengarve: Would that not
mean putting into the public domain the very
information that companies in many cases wish to
keep to themselves?
Mr Hogarth: Yes, but if you look at the regulation of
pharmaceuticals then clearly the whole drift is
towards greater transparency in the sharing of data.
I think we already have some emerging models where
companies such as Celera and Decode are already
involved in extensive international public
collaboration with public sector researchers in a
variety of countries.

Q340 Baroness O’Neill of Bengarve: I cannot resist
asking whether Sir John would agree with that or
whether he thinks they are involved in competition
rather than collaboration?
Sir John Sulston: That is why we say there has to be
independent evaluation. We should not have the
provider of a test being both judge and jury in this
situation, but of course communication is essential
otherwise we stymie everything, so we have to find
ways through but it is important that you put
resource into the independent oversight of what is
going on.

Q341 Baroness O’Neill of Bengarve: And
conditionality of meeting those independent
standards is necessary for marketing.
Sir John Sulston: Yes, absolutely.

Q342 Chairman: What are the two
recommendations that you would like to see? You
have answered one of them which is something to be
addressed around discrimination, but what would be
your other one?
Dr Patch: Our first bullet point when we are thinking
about a collective eVort in relation to this evidence
giving was essentially that the scientific developments
are incredibly exciting but we should not get too
excited and it is important to remain realistic about
translation into genuine healthcare benefits. That
was our major point.
Professor Weale: From the pharmacogenetics point of
view, the specific recommendation that we made was
that the regulatory authorities responsible for
licensing medicines ought to be developing their
thinking about whether a pharmacogenetic test
ought to be part of the licensing conditions. We
understand that some work is going on ahead of that
but if there are useful tests then it would be helpful for
the regulatory authorities to be anticipating these
rather than just reacting to them.
Mr Hogarth: In terms of a regulatory reform agenda
then risk classification would be the one that I would
put at the top of the list.
Sir John Sulston: The NHS Clinical Genetic Service is
generally acknowledged to be a world leader. It has
very good processes and it really is a model which
could be extended. More than that, the entire NHS,
which is a free at point of care service, and a very well
liked vehicle for people to obtain their medical
treatment, when we have done surveys, and this is
true of other surveys too, people actually say they
want genetic testing and counselling through their
practitioner. They only go to the web or whatever as
a last resort if they feel they cannot get it under the
NHS. We have always said it is very important that
the NHS is resourced, but the thing to be aware is that
we have a very valuable way of dealing with exactly
this kind of diYcult information involving not only
individuals but families, confidentiality, and diVerent
costs of treatment—all sorts of diVerent worries. It is
extremely important to protect the NHS and drive it
as the vehicle for dealing with all the things we are
discussing today.
Chairman: Thank you very much. If you have any
further points to raise or if you wish to submit further
evidence, then please do so. It has been very helpful.
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Supplementary memorandum by the Human Genetics Commission

I am writing, also on behalf of my fellow Commissioners, to thank you once again for the opportunity to give
oral evidence to this important inquiry.

The Committee asked about HGC’s activities in relation to the regulation of direct-to-consumer genetic tests.
We gave a brief account of the HGC’s recent seminar, to which we had invited commercial testing providers,
regulators, professional bodies and other stakeholders, and at which we explored the desirability of a Code of
Practice.

As promised at the evidence meeting, we will in due course send you a note of the outcome of the seminar once
it has been agreed with all the parties involved in the process. In the meantime, a brief summary of the meeting
is available on the HGC website.

During the evidence session, we also discussed the evaluation of new genetic tests and we quoted the example
of free fetal DNA tests. A short discussion of costs of such tests ensued and we think it might be helpful to
clarify that the costs for some of these unevaluated genetic tests sit outside the tariV system. For a free fetal
DNA test, for example, the sample is sent away and an invoice is raised which the referring hospital then has
to pay—the cost for a free fetal DNA test currently is £250. The concern is that these tests are unevaluated
and present an additional cost to the NHS.

I hope that this clarification is helpful.

3 July 2008
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Memorandum by GeneWatch UK

Summary

1. GeneWatch’s work in the area of genomic medicine has focused on concerns about the marketing of
misleading genetic tests, and the limitations of an approach to health based on the genetic “prediction and
prevention” of common diseases in the general population.

2. We are concerned that a “genetic revolution” in healthcare has been widely promoted in the absence of any
analysis of the cost-eVectiveness, impact on health, or impact on the NHS, of genetic screening in the general
population.

3. We recommend that Government should:

— commission an independent assessment of the costs and benefits of implementing genetic “prediction
and prevention” in the NHS;

— end gene patenting, which distorts the “knowledge-based” economy, and stop commercial interests
from dominating the research agenda;

— require medical oversight and statutory regulation of genetic tests—including an independent pre-
market assessment of whether they are valid and useful for health; and

— adopt new legislation to prevent genetic discrimination and protect privacy.

Introduction

4. GeneWatch UK is a not-for-profit policy research group concerned with the science, ethics, policy and
regulation of genetic technologies. Our aim is to ensure that genetics is used in the public interest. We welcome
the opportunity to input to the Committee’s inquiry on genomic medicine.

5. Our evidence focuses on four of the questions in the Committee’s Call for Evidence:

— How meaningful are genetic tests which use genome variation data? What progress has been made
in the regulation of such tests?

— What impact will genomic data have on data emerging from projects such as UK Biobank,
Generation Scotland and other biobanks?

— How useful will genomic information be as part of individualised medical advice? What provisions
are there for ensuring that the individual will be able to understand and manage genomic
information, uncertainty and risk?

— What are the implications of the generation and storage of genome data on personal data security
and privacy, and on its potential use or abuse in employment and insurance? How should these be
addressed?

6. In addition, we make some comments on research priorities.
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How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation of
such tests?

7. “There is insuYcient scientific evidence to conclude that genomic profiles are useful in measuring genetic
risk for common diseases or in developing personalized diet and lifestyle recommendations for disease
prevention.” Janssens et al (2008).1

8. “There is a growing business selling new genetic tests based on very preliminary research—the evidence is
far too flimsy to be accepted by evidence-based medical practice.” Sense about Science (2008).2

9. No common genetic variants that meet medical screening criteria for the general population have been
identified to date, however many tests for common genetic variants are already being marketed. This has the
potential to harm health by:

— targeting the wrong health advice at the wrong people;

— confusing healthy-eating messages or advice to quit smoking;

— leading to the over-treatment of healthy people who may take unnecessary medication or
supplements; and

— undermining public health approaches and diverting resources from the social, environmental and
economic changes that are needed to prevent ill-health.

10. The ACCE process, which takes its name from the four components of evaluation—analytic validity,
clinical validity, clinical utility and associated ethical, legal and social implications—is a widely supported
model process for evaluating data on emerging genetic tests.3, 4 However, no pre-market assessment is currently
made of the clinical validity or utility of genetic tests. This means that “genetic information”—combined with
medicines, supplements, foods, skin creams, lifestyle advice and additional tests—can be marketed when it is
not valid (for example, even when the gene plays no role in the claimed disease) or when it serves no useful
purpose (for example, when the proposed intervention is no more eVective or necessary in people with one
genetic variant than with another).

11. The issue of clinical utility is diVerent for genetic tests than for most other types of test, because genetic
risk factors cannot be removed or reduced; unlike smoking, or LDL cholesterol levels, or blood pressure. For
risk factors that are amenable to intervention, it is generally reasonable to assume that individuals at highest
risk are also those who have most to gain from an intervention: however, this is not the case for genetic risk
factors. Those who are at highest genetic risk may or may not be those who have the most to gain from a
particular medicine, supplement or change in lifestyle. Harm to population health will result if a genetic test
is used to target lifestyle advice or medication at a high risk group which has less to gain from the intervention
than the low risk one: assessing the clinical utility of the test, not just its clinical validity, is therefore essential.
For this reason, any assessment of the likely impact on health of genetic tests combined with environmental
or lifestyle advice requires knowledge of the magnitude (and sign) of any gene-environment interaction. No
interaction means that the test performs no better than randomly selecting the same number of people from
the population.5

12. Scientists from the Netherlands and from the US National Institutes of Health—including the Director
of the National OYce of Public Health Genomics—recently published a critical appraisal of the scientific basis
of commercial genomic profiles.1 Their review found significant associations with disease risk for fewer than
half of the 56 genes included in commercially available genomic profiles used to assess health risks and
personalise health interventions. The authors also questioned how the companies studied could provide
meaningful genetic risk assessments for complex diseases in the absence of information about multiple genes
and gene-gene interactions, and how personalised advice on supplements and diets could be given in the
absence of any reliable data on gene-diet interactions.

13. Health regulators in New York State and California are now investigating claims made by online gene
testing companies such as 23andMe and Navigenics, but the US Food and Drug Administration has so far
left it up to individual states to decide what to do about these so-called “home brew” tests (tests marketed using
individual laboratories, rather than sold as test kits).6

14. These problems are not limited to genetic risk profiles marketed by US companies on the internet. For
example, GeneWatch UK has supplied evidence to the MHRA regarding the tests oVered by the UK company
Genetic Health via its Harley Street clinic.7 Genetic Health acts as the UK partner for the Austrian company
Genosense Diagnostics, and our assessment was based on the description of the tests provided on Genosense’s
website in May 2007. Overall we found that:

— For most genes included in the tests, no large-scale evidence is available to conclusively establish a
relationship between the common genetic variant identified (the polymorphism) and the claimed
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disease. Even where this relationship is clearly established, the clinical validity of the test is unclear
and for most tests the predictive value is unknown.

— For several genes included in the tests, large-scale evidence suggests that the association between the
genetic variant and increased risk of a particular condition is invalid.

— Large-scale evidence of clinical utility in the general population is not available for any of the genes
included in the tests.

15. An ITV programme which featured Genetic Health providing four celebrities with tests, broadcast on 8
November 2007, was the subject of a complaint by the British Society of Human Genetics.8 Geneticists and
health professionals subsequently warned the public that genetic tests that claim to predict the risk of
developing life-threatening diseases are a waste of money and can frighten healthy people.9

16. Genetic Health has since introduced some additional tests, including tests for common variations in the
so-called “fat gene”, FTO,10 the first common genetic obesity susceptibility gene to have been confirmed in
multiple data sets.11 However, the FTO gene accounts for only about 1% of the variance (diVerences across
the population) in body mass index (BMI) in the UK population. Testing for the gene is not useful to decide
who should take action to reduce their weight, because it does not make any diVerence to advice on eating
healthily and getting enough exercise, or any other medical intervention (ie there is no evidence of clinical
utility).

17. Other genetic tests that have been marketed in the UK are described in GeneWatch UK’s 2007 evidence
to the MHRA.12 They include tests marketed by UK companies via the internet (the so-called “Nicotest”);
by US companies via alternative healthcare providers (the “Genovations” tests); and by the then UK-based
company Sciona, which sold genetic tests with dietary advice in the Body Shop in 2001–02. Following criticism
of its claims by GeneWatch, Sciona relocated to the USA and has been the subject of a critical investigation
by the US Government Accountability OYce (GAO),13 as well as being one of the companies investigated in
the critical appraisal of the scientific basis of commercial genomic profiles cited above.1

18. The gene testing market is expanding rapidly and leading UK psychiatrists have recently denounced plans
by other US companies to market genetic tests claiming to identify susceptibility to bipolar depression or
schizophrenia on the internet.14

19. GeneWatch UK has long argued that a statutory regulator should make a pre-market assessment of the
clinical validity and utility of all genetic susceptibility and pharmacogenetic tests, and that, in addition, health-
related tests require interpretation by medical professionals. Unless tests are adequately regulated, large
numbers of people are likely to be either falsely worried (and over-treated) or falsely reassured that they do
not need changes to be made in their lifestyle or environment. In addition, failure to regulate genetic tests is
likely to lead to burdens on the NHS when patients seek advice from their GPs—perhaps including
medication—based on misinformation provided by commercial testing services.

20. Without regulation of claims for both clinical validity and clinical utility, there is also a risk of a major loss
of public trust in genetic information. One of the main recommendations that emerged from the Royal
Society’s People’s Science Summit on genetic testing in March 2003 was that a regulatory body be set up to
oversee legislative and other issues surrounding genetic testing.15 In 2007, the Science Horizons project (a
deliberative panel, facilitated public events and small group discussions) also reported concerns about lack of
regulation of personal genetic information.16 Such engagement exercises are pointless unless Government is
prepared to act on the concerns raised by members of the public.

What impact will genomic data have on data emerging from projects such as UK Biobank, Generation Scotland and
other biobanks?

21. Large-scale population biobanks such as UK Biobank are being developed in a climate of controversy
about the health benefits of a genetic approach to the prevention and treatment of common diseases and the
scientific challenges of validating statistical associations—and quantifying interactions—between genes,
environmental factors and disease.17

22. UK Biobank almost certainly lacks the necessary statistical power to quantify the gene-environment
interactions it was intended to investigate and, in addition, without better environmental measures, including
changing exposures over time, it will lose much of its supposed advantage over smaller, cheaper case-control
designs.18, 19 In addition, the potential for population biobanks to quantify risks for complex disease is limited
by a “multiple testing” problem caused by the large number of genetic and gene-environment interaction
models that could fit existing data.5 Because the number of hypotheses that could be tested is essentially
infinite, sample sizes necessary to quantify the risks could “plausibly be larger than the number of people that
have ever lived”.20
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23. In GeneWatch’s view, identifying genes involved in complex diseases can be important in helping to
understand disease mechanisms. However, it is much less clear whether attempting to quantify risks and
predict disease—the aim of UK Biobank—will be achievable or useful (see below).

How useful will genomic information be as part of individualised medical advice? What provisions are there for ensuring
that the individual will be able to understand and manage genomic information, uncertainty and risk?

24. “Based on current evidence, an era of healthcare consisting of gene technology built on widespread
predictive testing is not desirable from a health economic viewpoint”. Rogowski (2007).21

25. Some geneticists have predicted a genetic revolution in healthcare: involving a future in which individuals
take a battery of genetic tests, at birth or later in life, to determine their individual “genetic susceptibility” to
disease. In theory, once the risk of particular combinations of genotype and environmental exposure is known,
medical interventions (including lifestyle advice, screening or medication) could then be targeted at high-risk
groups or individuals, with the aim of preventing disease. This health strategy was strongly endorsed in the
June 2003 White Paper Our inheritance, our future: Realising the potential of genetics in the NHS.22 In his
foreword, the then Secretary of State for Health stated: “Above all, genetics holds out the promise of more
personalised healthcare with prevention and treatment tailored according to an individual’s genetic profile”
and the White Paper includes the claim that: “. . . the way external factors and genes interact to cause disease
or protect us from disease will be better understood. This information will allow people with certain genetic
profiles to avoid foods, chemicals or environmental factors, such as smoking, which are particularly risky
for them”.

26. However, there are also many critics of this strategy, who argue that it is likely to be of limited benefit to
health.23, 24, 25, 26, 27, 28

27. Although the identification of rare genetic mutations can provide useful information to individuals,
including people at risk of (relatively rare) familial forms of cancer, the evidence that screening common
genetic variants will prove useful to predict and prevent common diseases is extremely limited.

28. Recent papers, whilst confirming statistical associations between some genetic polymorphisms and
common diseases, have shown very limited clinical utility. For example:

— Nine genes showing replicated associations with type 2 diabetes (HHEX/IDA, SLC30A8, CDKAL1,
CDKN2A, IGF2BP2, FTO, PPARG, KCNJ11 and TCF7L2) explain only a very small proportion
of the aggregation of this condition in families29 and testing for these genes does not appear to
improve prediction of type 2 diabetes compared to measuring existing risk factors (body mass index
and fasting plasma glucose concentration).30, 31

— Of 32 candidate breast cancer susceptibility genes, all may be false, because the odds ratios from
meta-analyses are reducing over time and converging to the null.32, 33, 34

— No region of the human genome has a uniformly large impact on hypertension and susceptibility
genes for hypertension may be very diYcult to detect.35

— An overview of meta-analyses of genetic associations for heart attack or coronary artery disease,
concluded that even with large-scale evidence from statistical meta-analyses, significant associations
may be subject to bias.36 A recent study of nine common genetic variants (polymorphisms) associated
with cholesterol levels found that use of the genotype did not improve clinical risk prediction in 5,000
subjects.37

29. Similar problems have plagued pharmacogenetic tests, which in general have also shown low clinical
utility. A case for genetic testing before drug administration can perhaps be made for CYP2C9 and warfarin,
but evidence for clinical utility is lacking; the evidence in favour of CYP2C19 testing is limited; and for
CYP2D6 testing is poor.38, 39, 40, 41 In general, it is unclear why pharmacogenetic testing would be medically
justified, except prior to prescribing a few specific drugs.

30. Early expectations for highly predictive tests were based on the common disease-common variant
hypothesis (CD-CV), which states that the genetic component in the causation of common diseases is likely
to arise from a relatively small number of genes. This now appears unlikely to be correct, except in special
cases.42 To be meaningful, multiple genes and gene-gene interactions need to be included in calculations of
genetic risk and for these risk profiles to be useful, interventions must be proven more eVective for individuals
with certain genotypes.1
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31. Scientists from the US National Cancer Institute and the University of Helsinki have questioned whether
searching for common inherited genetic variants that increase susceptibility to cancer is worth the resources
being spent.43 They note that:

— Evidence from biology, migration studies, and twin studies suggests that common cancer
susceptibility genes are unlikely;

— Even if susceptibility genes were identified, further large, expensive studies would be needed to show
the clinical benefit of targeting the proposed intervention at those individuals with the genetic
variant(s).

32. In general, twin studies exaggerate the importance of shared genetic factors in explaining why diseases run
in families, because the classical method of analysing twin data assumes that there are no gene-gene or gene-
environment interactions.5 Nevertheless, several diVerent situations may be identified from twin and family
data, depending on the disease under consideration. These are:

— Diseases or conditions with no significant heritable component, such as lung cancer.44 Because no
twin study has ever identified a significant heritable component to lung cancer, developing genetic
screening tests for lung cancer susceptibility in the general population is clearly not worthwhile,
because such tests will inevitably have poor predictive value and low utility. Testing smokers for
supposed genetic susceptibility to smoking-related diseases could also mislead them about the risk
of smoking and falsely reassure some people into thinking that they do not need to quit.45, 46

— Diseases or conditions where the assumptions of the classical twin study are known to be invalid, so
a more complex explanation is necessary, for example, schizophrenia.47 This might involve gene-gene
interactions, gene-environment interactions and/or developmental eVects. Although genetic research
might help shed light on underlying disease mechanisms, genetic risk profiles must take account of
multiple interactions and are likely to have low predictive value and low utility.

— Diseases or conditions where the assumptions of the classical twin study may or may not hold, such
as breast cancer. If the assumptions hold, more genetic factors have yet to be discovered to explain
why breast cancer runs in families; however, even if these factors are identified, medical interventions
would need to be developed for healthy people identified as genetically susceptible and tested in
large-scale clinical trials. However, if the classical assumptions do not hold—for example, if gene-
gene or gene-environment interactions are important in breast cancer—familial aggregation of
breast cancer may be largely due to non-genetic factors (shared environments or lifestyles), and
common genetic variants will then have low predictive value for most women.

33. The usefulness of genetic information as a means to “personalise” medical advice is therefore seriously
questionable, because special conditions must be satisfied to achieve high clinical utility.5 Although these
conditions may be met for some diseases in some people, it seems highly unlikely that most common genetic
variants will satisfy medical screening criteria for the general population.

34. A 2006 review found that conclusive evidence of favourable cost-eVectiveness ratios for genetic testing is
available only for few conditions.21 With the whole population potentially “at risk” and eligible for preventive
medication, the cost implications of genetic susceptibility testing have been described as “staggering”.48

35. GeneWatch UK has repeatedly questioned the Government’s commitment to the vision outlined in the
2003 White Paper Our inheritance, our future, in the absence of any assessment of the likely benefits and costs
of genetic screening in the general population. SuYcient data is now available to make a preliminary
assessment of expected positive predictive values, numbers needed to treat, costs and cost-eVectiveness of this
proposed health strategy. Such an assessment is urgently needed.

What are the implications of the generation and storage of genome data on personal data security and privacy, and on
its potential use or abuse in employment and insurance? How should these be addressed?

36. There are serious concerns about privacy, surveillance and discrimination, particularly by insurers and
employers, should a system of health screening based on individual genetic make-up be implemented in the
future. Although GeneWatch is sceptical about the extent to which genetic screening will be useful in the
general population, people with rare mutations which predispose them to conditions such as familial breast
cancer already face these issues.
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37. There is currently no legislation to prevent insurers or employers using predictive genetic test results to
refuse someone insurance or a job, although there is a voluntary moratorium on the use of most gene test
results by the insurance industry. GeneWatch UK believes that legislation to prevent genetic discrimination is
important because:49

— People should be able to make the diYcult decision about taking a predictive genetic test on health
grounds alone, without the fear that it could aVect their access to healthcare, the housing market,
employment, pensions or travel insurance in the future.

— Most members of the public are opposed to insurers using genetic test results. They feel it is unfair to
discriminate against people for something they cannot do anything about. There are also widespread
concerns from trade unions and some scientists that genetic screening and selection of workers could
become a damaging alternative to reducing workplace hazards, or be used to try to cut employers’
pension or insurance costs.

— The public has been promised that genetic research will bring benefits, not harm, to the people at
highest genetic risk. Volunteers donating samples to genetic research are likely to feel misled if the
results are used to discriminate against the people that they are trying to help. Legislation would
resolve the current uncertainty in which people do not know whether genetic tests taken now, or
developed in the future, will one day be used to discriminate against themselves or others.

38. In 2007, the Science Horizons Deliberative Panel50 raised concerns about the security, privacy and
integrity of personal health information (IT—or genetically-based), and about safeguards against abuse of
technologies by authorities or by criminals. People were also concerned about insurance issues relating to
increasing genetic understanding and medical profiling.

39. Personal data security and privacy is inadequately protected by current legislation: a major area of
concern is that the police will be able to access genetic profiles and DNA samples held by research projects such
as UK Biobank, or in NHS or commercial health databases, provided they can get an access order granted by
a court.51 If genetic profiles are held in a searchable form in future, linked to each person’s unique NHS number
(allocated at birth), they could also be used by governments—or anyone who can infiltrate the system—to
track individuals and their relatives. The rapid expansion of the police National DNA Database has raised
widespread concerns about the potential for excessive Government surveillance. Stricter legal controls on the
retention and use of medical data, including genetic information, are therefore likely to be necessary to
maintain public trust in NHS medical records and associated data.

Comments on Research Priorities

40. “Individualised” prevention, based on genetic screening, has long been advocated by the tobacco,
chemical, food and nuclear industries, which prefer people to focus on internal, biological risk factors for
diseases such as cancer and heart disease, rather than on their products or pollution. The pharmaceutical
industry, and more recently the food industry, also favour individualised prevention, whether based on genes
or other “biomarkers”, because this will allow them to market “preventive” drugs and new “functional” foods
to the (rich, healthy) individuals claimed to be at high genetic risk. A relatively small number of “genetic
susceptibility” tests could classify the entire population as “at risk” for life, making everyone a patient who
can be sold “personalised” products.52, 53

41. In this context, it is not surprising that the 2007 Science Horizons project reported a “striking trust deficit”
regarding whether research was being conducted in the public interest and that overarching issues raised by
the Deliberative Panel included: “trust in expertise—who can be trusted?”; and “fears about loss of the
“human touch” in everyday interactions, for example in relation to health, and in work”.16

42. GeneWatch UK recognises that the identification of common genetic variants (polymorphisms) can play
a role in understanding the biological mechanisms involved in common complex diseases, such as heart disease
and cancer. However, we are sceptical that genomic medicine will lead to valid, useful risk predictions for most
diseases in most people.

43. In its 2003 White Paper and other documents, the Government has made a political commitment to
implementing human genome screening in the NHS, in the absence of any evidence that genetic “prediction
and prevention” is a credible approach to tackling most major diseases. Concerns about the role of commercial
companies in promoting this agenda have been repeatedly dismissed.
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44. For example, in the context of the global epidemic of obesity, the food and biotech industries, and many
of the scientists they fund, have widely promoted the idea that the ultimate goal of nutritional research should
be personalised nutrition, involving individual diets based on a person’s genes and, perhaps in the longer term,
on other biological measurements and continual monitoring.54, 55 GeneWatch UK disagrees that personalised
nutrition should be a research priority and questions the lack of public involvement in adopting this dubious
commercial aim. In most cases, personalised diets are neither desirable nor achievable because:

— For most diet-related diseases in most people, the key to prevention lies not in individual biological
diVerences but in tackling the politics of food and issues such as food industry marketing practices,
socio-economic deprivation, health inequalities, transport and the lack of sports facilities in schools.
Personalised nutrition is therefore a false solution to the problem of diet-related disease.

— Personalised nutrition is about selling the idea of “wellness”, not about improving health: it is a
marketing strategy, not a scientific concept. It seeks to “medicalise” the problem of diet-related
disease, by testing and monitoring the “worried well” and marketing new products at a premium to
the wealthy, supposedly to “optimise” their health.

— This marketing strategy involves personalising and privatising dietary advice, based on genetic tests
(and perhaps other types of tests) sold by commercial companies. Some companies are already falsely
claiming that public health advice is “guesswork” and that genetic tests improve the accuracy of
dietary advice. They are marketing misleading and inaccurate interpretations of people’s genes and
what they mean for their health. As this industry expands and provides multiple and conflicting
dietary advice and products, there is significant potential to confuse and undermine healthy-eating
messages. Some people may be falsely reassured that they are not at risk of particular diseases, with
serious consequences for their health.

— New “value-added” products such as functional foods are expensive and unnecessary and may have
unintended consequences for human health. The consequences of altering the food supply will be
hard to predict and diYcult to identify or correct should something go wrong. Controversial
products are expected to be part of this marketing approach, including: genetically modified (GM)
foods, foods designed to alter appetite or mood, and foods containing nanotech ingredients.

— The idea of tailoring diets to genetic make-up is based on a false and outdated view of the role of
genes. For most common diseases in most people, an individual’s risk is not predictable, because
multiple environmental and biological factors interact. What is predictable is the outcome of major
shifts in diets on the health of populations.

45. GeneWatch UK is therefore concerned that the current inquiry has focused its questions on research
funding and translation, not on who sets research priorities. If research funding is to be eVective in tackling
diet-related disease we suggest that ministers should:

— prioritise public health (the social and economic determinants of health), rather than genomic
medicine and personalised nutrition, and tackle the “politics of food”;

— tackle inequalities, empower people to change their diets and environments, and involve them in
deciding what action and research would help to make a diVerence; and

— end gene patenting, which distorts the “knowledge-based” economy, and stop commercial interests
from dominating the research agenda.

Conclusions and Recommendations

46. A “genetic revolution” in healthcare has been widely promoted in the absence of any analysis of the cost-
eVectiveness, impact on health, or impact on the NHS, of genetic screening in the general population.

47. GeneWatch UK believes there is an urgent need for the Government to:

— commission an independent assessment of the costs and benefits of implementing genetic “prediction
and prevention” in the NHS;

— end gene patenting, which distorts the “knowledge-based” economy, and stop commercial interests
from dominating the research agenda;

— require medical oversight and statutory regulation of genetic tests—including an independent pre-
market assessment of whether they are valid and useful for health; and

— adopt new legislation to prevent genetic discrimination and protect privacy.
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Memorandum by the Genetic Interest Group

1. Introduction

The Genetic Interest Group (GIG) is the UK Alliance of approximately 140 patient support groups for those
aVected by or at risk from all forms of genetic disorders. Our membership includes those groups supporting
individuals and families with rare disorders caused by mutations in a single gene, and those with common
complex disorders where gene-environment and gene-lifestyle interactions play a role in precipitating the
condition in question. GIG’s members are supportive of high quality biomedical research and its translation
into products and services that address unmet health needs for those currently aVected by severe, intractable
or incurable disorders.

GIG welcomes the establishment of the Lords’ Science and Technology Sub-Committee, and is grateful for
the opportunity to submit evidence to it. We have concentrated our input on those issues where we feel we have
relevant expertise.

2. Policy Framework

2.1 Whilst recognising the often conflicting interests of public and private sector research in the field of
genomic medicine, GIG feels that there is a need for greater integration in research activities and programmes
undertaken by the academic and clinical communities and those of the private sector. We believe this will create
the framework for making best use of limited human and material resources, and secure a focus on addressing
significant unmet health needs relating to serious diseases and major health scourges. Closer integration would
allow for the creation of mechanisms for eVective translation of novel insights into the underlying biology of
disease into eVective products and services for those who need them. However, in encouraging eVective
translation of this new knowledge care must be taken to ensure that those with complex, expensive to treat,
or rare conditions are not left out in the cold by commercial pressures aimed at securing a return on investment
in the short term at the expense of medium to long term gain.

2.2 Greater patient and family involvement in the evaluation of research proposals and their potential to
deliver improvements in the circumstances of those at risk would help create an ethical and regulatory
framework that not only took account of the potential harms arising from doing genomic research, but also
of the harms associated with not doing it—notably the balance that needs to be struck between individual risk
and lost opportunities.

3. Research and Scientific Development

3.1 GIG has no particular expertise on which to base an evaluation of UK science in relation to developments
elsewhere. However, while it is clear that our understanding of genomics and of personalised medicine has
advanced substantially in recent years, it is also clear that, with some notable exceptions such as Herceptin
and the HER2 receptor in breast cancer, we are some way oV seeing the widespread clinical applications of
this new knowledge. This does not mean that we are sceptical about the potential benefits that may flow from
genomics. Rather it is an expression of our anxiety that the time-scale for investment, and the time-scale for
potential return on public sector investment may not coincide with the time-scale for delivery of real clinical
benefits for patients. It is important that this promising area of R & D is allowed suYcient time to flourish
against a background of stringent peer review to create the impetus for progress and the eVective use of
resources (whether publicly or privately provided).
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3.2 The potential integration of NHS records for clinical and research purposes proposed under the NPFIT
programme oVers an unparalleled opportunity to create a research resource of global significance. GIG
welcomes this potential, but we would stress the importance of respecting the rights of the individual to privacy
and a personal opt out from particular uses of their identifiable personal data. There also needs to be a
systematic programme of public engagement to explore public concerns about the potential for misuse of
personal health and genomic data by government, by industry and by others whose intent may not be in accord
with those to whom data and samples relate.

4. Data Use and Interpretation

4.1 Large scale public sector tissue and sample databanks have been bedevilled by a lack of inter-operability
on a range of issues that would potentially have permitted the sharing of data and/or samples and resulted in
the achieving of the critical mass necessary to address common complex diseases much more quickly. These
issues may be administrative—do you record dates of birth in the European (dd/mm/yy) or the US (mm/dd/
yy) format for example. They may be technical—are samples held in freezers, dried at room temperature or
in paraYn blocks? Or they may relate to laws and governance—such as the terms of the original consent for
example. The international P3G Consortium (Public Population Projects in Genomics) is attempting to
address some of these issues in order to create conditions for harmonisation and the best possible opportunities
for data and sample sharing where appropriate, but there is some way to go before this is achieved, even with
respect to publicly funded collections such as UK Biobank and others across the world.

4.2 The position with regard to “personal” collections of samples and data held by academics and clinicians
in university and hospital freezers may even more unsatisfactory, although the Human Tissue Act and the
Patient Safety Agency have gone a significant way to addressing this. The collections represent an invaluable
resource which may currently lie dormant because the project for which they were assembled has ceased. This
is, we believe, likely to be particularly the case with respect to the many rare genetic conditions where the
uncertainties of the research funding process often result in a stop/start programme, with duplication and
repetition wasting resources that could be better used in securing faster progress towards understanding of the
disease in question.

4.3 GIG believes there should be a systematic inventory of samples and data collections languishing in
university and hospital stores with a view to creating a comprehensive database of what is held where and by
who for what purposes. This would re-activate use of many dormant collections, leading to further insights
based on continued use of existing resources rather than the need to start from scratch again. Patients and
families would generally support such an initiative, seeing it as a positive use of their commitment to improving
understanding of currently intractable diseases through the systematic application of genetic and genomic
knowledge.

5. Translation

5.1 Translation of basic research into products and services that benefit patients and families is clearly
essential if new knowledge is not to languish unexploited in the pages of the academic literature. Whilst we
have no specific expertise to oVer with respect to solutions to the problems associated with translation we
believe that attention needs to be given to the following issues.

5.1.1 Incentives to address disease areas not seen as immediately economically attractive to commercial
investors. In particular this would include rare genetic diseases, paediatric formulations of innovative
therapies and a sustained approach to addressing technical issues associated with advanced therapies and
tissue engineered products (gene and stem cell therapies are but two examples of these).

5.1.2 An appropriate intellectual property framework that balances public, private and citizen interests in the
proper exploitation of new knowledge.

5.1.3 A framework for pricing and reimbursement that is not biased against innovative interventions in favour
of cheaper (generic but possibly less eVective) treatments that do not deliver the desired health gain for patients
and families and which subtly discourage sustained investment in cutting edge R & D.
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6. Biomarkers and Epidemiology

6.1 GIG sees this as an essentially technical question best addressed by others.

7. Use of Genomic Information in a Healthcare Setting

7.1 For patients living with intractable complex diseases potentially able to benefit from advances in
genomics, concern is centred on the rate of progress in basic scientific knowledge, its translation into novel
interventions and the likelihood that they will be able to access these based on their need; not on where they
live, their ability to pay or some other non-clinical issue.

7.2 In addition to the creation of incentives and an IP framework mentioned above, there needs to be a
systematic programme of continuing professional education and development. This is critical to ensuring that
the NHS is able to deliver state of the art care to patients that reflect current scientific understanding and best
clinical practice—wherever they live in the UK and irrespective of administrative boundaries and local
commissioning arrangements.

7.3 Care also needs to be taken to ensure that the private health care sector does not undermine the credibility
of genomic medicine through the premature marketing of cleared interventions (such as inadequately
researched predisposition genetic testing sold over the counter) in ways that might dissuade those with real,
addressable health needs from seeking the support they need—either from the NHS or reputable and ethical
private sector providers.

7.4 GIG believes that there is a need for an appropriate regulatory framework. This should strike the balance
between legal necessity (in relation to the need to prove quality, safety and eYcacy for example) and
proportionately policed professional, industry based and voluntary codes of practice applied to the promotion
of research and the systematic application of its outcomes for improving human health.

8. GIG would be happy to supply further comments in writing or any of the above parts or to extend on them
in person to the committee if this would be helpful to its deliberations.

11 April 2008

Examination of Witnesses

Witnesses: Dr Helen Wallace, Executive Director, GeneWatch UK, and Mr Alastair Kent, Director,
Genetic Interest Group, examined.

Q343 Chairman: Good morning. Welcome to all of
you, particularly the members of public at the back.
For you, there is information showing the
declarations of interests of individual members if you
wish to know that. Could I welcome our first
witnesses: thank you for coming today and helping us
with our inquiry. If either of you wish to make an
opening statement before we go on to questions, I
would like to hear anything you have to say but
particularly how each of your organisations is
funded. Who helps you with funding? Perhaps you
might address that. When you speak for the first time,
it would be helpful for the record if you introduce
yourself and say which organisation you are from.
Please feel free to make any opening statements you
have and proceed with answering my question.
Mr Kent: Good morning. Thank you very much for
the opportunity to present evidence. I am Alastair
Kent. I am the Director of the Genetic Interest
Group. The Genetic Interest Group is an alliance of
approximately 140 charities and support
organisations representing and speaking on behalf of
patients with the full spectrum of genetic diseases,
from the very rare, single gene disorders to very
common, complex conditions. In terms of our
funding, we are funded from a diverse range of

sources. We currently receive some money from our
members in the form of subscriptions. We receive
some money from the Department of Health through
a section 64 grant; from the Medical Research
Council; from a range of charitable trusts and
foundations; and a proportion from industry, some
of it from the pharmaceutical industry and some of it
from other private sector organisations. Our policy is
to remain independent of any one source of funding
and not to accept money that is conditional on us
arguing for any particular point of view or policy
position. Our position comes from consultation with
our members and from reflecting the views and
opinions that come back to us on issues which are of
current concern to them. We are particularly grateful
to have the opportunity to present oral evidence to
this Committee because this is clearly an issue of
great concern to patients and families, largely
because of the progress that we have seen in recent
years, which has been astonishing in terms of the new
knowledge of genetics and genomics that is emerging,
but also we have to remember that we are at the
beginning of a journey rather than at the end of it. In
this context too, the long-term goal of producing
eVective, available interventions for patients and
families living with intractable diseases can often
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seem to be obscured by short-term excitement, and
our hope is that this committee of inquiry will clearly
separate the hope from the hype, the realism from the
fluV, helping sustain high quality biomedical research
through the generation of a regulatory framework
that is appropriate and proportionate, and which
takes account of the risks and benefits to be gained
from this work. That is probably all I should say at
this point.
Dr Wallace: Thank you for inviting me. I am the
Director of GeneWatch UK, a small not-for-profit
organisation. We basically take the view that the
public should have a say about science and
technology and how these new technologies are used
and developed. We provide public information and
information about policy implications of genetics
quite broadly. We are funded mainly by charitable
foundations. We also have some funding from the
European Commission’s Science in Society
programme and we get a small amount of funding
from donations. Our key interest in this area is really
the idea of expanding genetic testing or genome
sequencing to the whole population and what the
implications for society of those kinds of changes
might be.

Q344 Chairman: Thank you very much. To pick up
on the very thing you mentioned, we have had
evidence about the myriad of tests that are already
available. Whilst science is developing and these tests
are being marketed and used, there does not seem to
be any particular authority co-ordinating the whole
activity. There is a myriad of diVerent committees and
organisations involved in giving advice either to
professionals or to the public. What is your comment
about that? Who do you think should be doing this?
Dr Wallace: I think there is a real gap in the current
advisory system, although we certainly welcome
some of the work done by the Human Genetics
Commission and others. We are aware, for example,
that there is a committee to assess the usefulness of
these tests to the insurance industry, in terms of the
Genetics and Insurance Committee, but there is no
committee or regulator to assess the usefulness of the
tests for health, so there is some assessment within the
Health Service for tests oVered there, but there is no
routine system for analysing the clinical utility or
validity of the tests. We have found that is of
particular concern for the commercially marketed
tests, where, as you know from our written evidence,
there have been a large number of claims made which
are not substantiated by the scientific evidence.
Mr Kent: It is important when looking at this to
distinguish between what happens in relation to tests
that are used in the NHS and those that are perhaps
brought out in the private sector for use either in
private medical treatment or for sale direct to the
public. In the context of the NHS, in our view the

current UK Genetic Testing Network—and I know
colleagues will be speaking to you later this morning
about that—works well for the examination of utility
of tests for single gene disorders. The model that the
UK GTN has adopted could well be extended for the
systematic evaluation of tests that are designed to
address complex, multifactorial conditions.
However, that would require an increase in the
breadth of expertise and also in the resources
available, to allow that mission to be accomplished
eYciently and quickly, and not to put an undue delay
into the transfer from research into clinical practice.
In the private sector there is a much greater degree of
confusion. There is an unwillingness of current
potential regulators to get involved in looking at the
claims that are made. The Advertising Standards
Authority, the Trading Standards Authority,
potentially they have the power to regulate by
looking at claims, but lack the competence. The
MHRA, on the other hand, has the competence but
seems to lack the authority, because its activities are
regulated by the In Vitro Diagnostic Directive, the
focus of which is simply: “Does the test meet the
claims that it says it does? Does it do what it says on
the tin?” That focuses on the technical adequacy, not
the utility. In our view, there is a need for a body such
as the MHRA, which does have the expertise, to be
encouraged to extend its remit, not just to look at the
technical accuracy of tests that are put on the market
but also to put them into the context of whether or
not they are useful, whether they give accurate
information, and the significance of the information
that is provided. Unfortunately, genetic tests are
generally deemed to be of low risk because they
involve a cheek swab or a bloodspot, but the risk in
the genetic test is not in the invasiveness of the
procedure to take a sample but in terms of the
potential impact of the information that is revealed
by the analysis. That is where we would like to see the
MHRA taking perhaps a higher profile in terms of
looking at regulating these tests.

Q345 Lord Krebs: Perhaps I could pick up the theme
of regulation. Mr Kent, in your introduction you
mentioned the word “proportionality”, which is
about balancing the constraints on the industry in
relation to research against the benefits. I wonder
whether you could tell us how you would see
balancing the need for regulation of genetic tests,
particularly in terms of consent and confidentiality
and privacy, against the potential benefits that might
be conferred on family members or in terms of the
development of research.
Mr Kent: Yes, certainly. I think it is important to
distinguish between the clinical application of tests
for use by family members and the research
application. To take the clinical application first,
clearly consent is a very important issue. In an ideal
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world, fully informed consent would be obtained in
all cases. However, that is not always possible for a
variety of reasons. In our view, the model that was
created under the Human Tissue Act would
potentially provide a way forward, although that is
limited. The Human Tissue Act provides the
opportunity, where consent is unclear or missing and
it is not possible to go back to the originator of the
sample, for the court to make a decision whether or
not a particular intervention, a particular procedure,
should be allowed. When the HTA was in front of
Parliament, we argued that when consent had been
withheld and there was no reasonable mechanism for
going back to the originator of the sample to see if
their withholding of consent still applied, the court
could be given a similar power. The Government
disagreed, feeling that that was contrary to the spirit
of the Act. It seemed to us, however, that people
change their minds, circumstances change, and what
might have seemed inappropriate at one point could
become appropriate and desirable at another, and if
contact had been lost then the health benefits to be
had by blood relatives should trump the absence of
consent. With regard to research, in our view,
identifiable samples that can be traced back to
individuals or identifiable data that can be traced
back to individuals should only be used in those
instances where the identifiability is central to
undertaking the research. A lot can be done with
anonymous samples and sometimes that should be
suYcient. However, with regard to the research uses
in genetic information and genomic information,
public surveys have shown that, by and large, there is
support certainly in patient groups and amongst the
wider public for making sure that the best possible
use is made of valuable data and samples. For
example, when the Medical Research Council was
examining the possible uses of the newborn
bloodspot samples, which are potentially a hugely
valuable resource for investigating complex disorders
because they are an unselected population sample, a
programme on public engagement did reveal
widespread public support for research that was into
interventions for serious diseases, for improving the
technical and analytical quality of the service
provided, and for also making sure that the
information that was revealed was potentially fed
back to those people who would be in a position to
benefit from it in the fullness of time, when it was
mature enough to be used for clinical applications.
Dr Wallace: In relation to the regulation of the test in
itself, the key issue really is an issue of trust and
whether people can trust the information that they
are being given. There is basically a consensus
internationally around the kind of information that
people would need to be assessed in order to do that
as an established process, and that considers
analytical validity and clinical validity and clinical

utility. Obviously there are also ethical implications
and social implications which would be very hard to
regulate but, in terms of the kind of evidence that you
need, I think the key is to distinguish between the
right to know and the right to be misinformed or
misled. We have to put in place something that
prevents people from being given misleading or false
information, and there are already established
guidelines by the OECD in terms of what kind of
information it would be best practice to provide.
There is now a new protocol to the Council of
Europe’s Convention which states that there should
be a requirement to meet certain levels of validity and
utility, so it is very clear that it is not simply a question
of wrapping red tape around the idea of providing
these services; it is about meeting minimum and best
practice requirements. In the case of research, I would
say also that it is the issue of trust again that is
important. Nobody wants to see research bound up
in red tape, but there are certain key issues that the
public have raised time and time again in
consultations, particularly issues about intellectual
property and conflicts of interest, for example, where
there is often dispute amongst the experts about the
best policy to have, and we would like to see those
kinds of issues discussed very transparently at the
start of the research projects and not brushed under
the carpet.

Q346 Lord Krebs: Do you see the field of genetic
testing as being fundamentally diVerent from other
areas of health benefit provision? Products that claim
to improve health or improve your prospects of
dealing with disease often make claims that are on the
verge of validity, and the Advertising Standards
Authority or the Trading Standards oYcers are there
tomakesure that companiesdonot tell lies,butdoyou
see a fundamental diVerence between claims made by
genetic testing companies and claims made by other
healthcare companies?
Dr Wallace: I think the answer is yes and no. There are
some aspects of claims that are made by other
companies that would certainly benefit from more
regulation and oversight. In general, a shift to more
predictive testing, for example, would benefit from
additional assessment of whether those predictions
are valid. However, I think there are some special
characteristics if you look at any area, and there are
some special characteristics around genetic testing
that we can identify. One is the diYculty of
establishing utility. That requires diVerent kinds of
information than perhaps you tend to need for other
biomarkers because we are talking about fixed risk
factors. You are not advocating that the patient or the
individual changes those risk factors; youare trying to
tailor other products or advice to those risk factors,
which is a more complicated thing to establish. The
second is the broader picture issues. Genome
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sequencing, for example, is essentially a dual-use
technology and it raises additional privacy concerns
around the potential use for tracking individuals or
their relatives. I am not saying there are not privacy
issues with other types of information, but that DNA
doeshaveaspecial characteristic in termsofbeingable
to take a sample and identify an individual on the
database. Third, I would say there are some social and
bigger picture issues around the fact that it is an
emerging technology, where lots of companies are
trying to do a lot of testing. There has been a lot of
hype, so a lot of individuals think this is the future of
medicineandtheywant tobeat the forefrontofgetting
those tests and, therefore, we have a social context
where it is important that people can trust the
information they are given.

Q347 Lord Taverne: In the paper that you submitted,
which is a very valuable paper, you express a lot of
concern about the corporate testing that is taking
place. But there is a suggestion in the paper that you
have reservations about the whole future benefit from
genomic medicine in relation to common diseases to
establish a relationship, in particular, to Huntington’s
chorea. Is that a general worry you have about the
usefulness of genomic medicine, as such, in that
context?
Dr Wallace: It is not a general worry about the
usefulness of genomic medicine or the usefulness of
research that could identify the role of genes in
common diseases and therefore understand disease
mechanisms, but it is a general worry about the future
predictive value and utility of this type of testing. I
think you will find if you talk to a lot of genetic
epidemiologists that it isquiteawidespreadconcern in
that community. They very much still want to do the
research—they think itwouldbeuseful tounderstand,
for example, the mechanisms of appetite in obesity—
but the claims that you would predict which
individuals will become obese or will get heart disease
and so on and be able to tailor treatments to those
individuals do not seem to be borne out in general by
the evidence. Of course, there are exceptions. There
may be some useful tests, but the predictive value of
that information is going to tend to be relatively small
for these late onset complex diseases because of all the
other factors that are involved.

Q348 Lord Winston: That is, Dr Wallace, most
diseases.
Dr Wallace: Yes.

Q349 Earl of Northesk: Digging a bit deeper into the
regulatory framework, in California, direct-to-
consumer tests such as those oVered by deCODEme
and 23andMe have recently been banned if tests are
carried out without medical advice or in unlicensed
laboratories. Do you think there is a case for a similar

ban under UK or EU legislation, or do you think that
other approaches might be more appropriate and
eVective?
Dr Wallace: I think there is a case for a ban on oVering
tests directly to the public without medical support.
However, I would prioritise the information
requirements; for example, requiring accredited labs
so that you know they are testing the claimed gene
sequence and requiring the necessary evidence of the
interpretation of the test. Once you have that
information, you might in the future well decide that
some tests perhaps need less medical oversight than
others, but until you have that information and until
you know, for example, the potential for unexpected
surprises, agene that is linkedwith somethingthatyou
were not expecting, then it is quite concerning that
people can be oVered those tests without really
knowing the implications of the results before they
take them.
MrKent: I takeadiVerentview.Idonot thinkthere isa
case for abanat themomentbecause thatwouldmake
patients and families toodependent for their potential
access to genetic information on the willingness of
their doctor to prescribe that test for them. Given that
there are significant constraints on NHS resources,
given that physicians’ knowledge about the potential
utility or otherwise of genetic tests is variable, to put it
at its mildest, that might in practice impose significant
constraint on people’s right of access to information
which may be useful for them. Also, if there were to be
a ban, there is a risk that you would simply create a
black market of people operating from unregulated
territories, andIwouldrather thatpeoplewhowanted
to supply tests to our members and their families were
operating in a properly regulated and transparent
environment. However, there is a case, I think, for
making test providers come clean about the limits and
the possibilities of the tests they are trying to provide.
They should put the evidence for their claims into the
public domain in forms that are accessible to people,
so that purchasers, whether they are non-specialist
clinicians selecting a test on behalf of a patient or
individual citizens buying directly for themselves, can
make an informed decision about the quality of the
test and the likely value of any information that might
be revealed by it. I think there is also a case for a
programme of awareness-raising amongst the public
and amongst non-specialist professionals—and in
that we must not forget the complementary
practitioners, some of the nutritionists and what-
have-you with alternative qualifications who are
looking perhaps to genetic testing to advise on dietary
modifications. We need to raise the awareness of the
public and of the non-specialist professionals.

Q350 Chairman: Can you give an example, apart
from genetic advice, of dietary advice that a
nutritionist might give that might be linked directly to
a gene?
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Mr Kent: Yes. There was an attempt a couple of years
ago now by a company called Sciona to market a
programme of genetic tests that were claimed to be
linked to an increased risk of developing a wide range
of conditions. On the basis of the information that
they claimed the analysis of the DNA revealed, they
were oVering dietary advice, saying, “Because you
have this particular polymorphism you have an
increased risk of that disease, therefore it would be
sensible for you to include these sorts of things in
your diet or to exclude those sorts or things from your
diet.” A lot of it would amount to: “Eat five portions
of fruit and vegetables a day—drink less alcohol—
take more exercise—less fat” but certainly there were
claims being made about the predisposing risk that
was revealed by genetic analysis, and that that risk
could be modified by targeted dietary interventions
and modifications.
Dr Wallace: Could I add some examples, because we
have investigated a number of these companies? One
marketing technique that has been used is to market
supplements associated with the tests, so to sell the
test via alternative healthcare providers who already
have links with supplement companies and then to
give advice on either standard supplements or in
some cases special preparations and so on that are
intended to reduce risk. That has happened in the UK
with dietary-related conditions and certainly in the
States it has also happened with things like attention
deficit disorder in children. We are also aware of
companies that are interested now in starting to
market tests for psychiatric disorders like bipolar and
schizophrenia and they might also start doing the
same kind of thing, so that raises additional concerns
about misinformation and the exploitation of
potentially vulnerable people, including children.
Chairman: Thank you very much.

Q351 Lord Colwyn: Continuing with the theme of
testing, we heard in evidence that in this country and
in the United States—and in fact, Dr Wallace, you
stressed this yourself earlier—it is essential to assess
the clinical validity and clinical utility of emerging
genetic tests for disease susceptibility. Who do you
think should fund it and who do you think should
carry out this research?
Dr Wallace: Again, I think it depends on the test and
what it’s proposed use is. There are some clear
examples where we have a lot of evidence that a test
may be useful; some of the pharmacogenetic tests like
CYP2C9 for warfarin. That is publicly funded
research now because we think it may well be useful
in the Health Service to have that evidence. There are
other situations, for example, lung cancer, where
there is the idea of giving genetically tailored advice
to smokers on who is at most genetic risk of lung
cancer. That idea has a long history of funding from
the tobacco industry. We know there is not a

significant inherited component in lung cancer, we
know it is likely to mislead individuals because there
are many other smoking-related diseases, so it would
be, in my view, wrong to put public money into that
type of research. There is a whole range of conditions
in between where a lot of existing data will tell you
now whether you have quite a good prospect of a
good useful test that might merit some public money,
or if a commercial company is proposing to do it let
them pay for that research if you do not feel that is
going to deliver significant public health benefit.

Q352 Lord Colwyn: Mr Kent, you are nodding. You
agree with that.
Mr Kent: Yes, I broadly agree with that, the principle
that if the private sector wants to develop a test then
it should fund the research necessary in order to
prove its utility and validity. The regulatory
infrastructure, the capacity to evaluate that utility
and validity should, at least in part, be funded
publicly in order to guarantee its independence;
however, there is no problem in my mind to charging
a fee to those people who want to have their tests
evaluated, providing there is a mechanism for
allowing those tests which are perhaps commercially
unattractive but which may have good clinical
benefits through the system. If you look by analogy
to the orphan medicinal products regulations, where
therapies developed for rare conditions which are
unlikely to be economically attractive to the private
sector are able to get subsidies to help them through
the regulatory process, in the forms of fee waivers and
scientific advice and so on from the European
Medicines Agency. Providing there is that mechanism
to protect the interests of those who may derive
significant benefit from tests that would otherwise be
unattractive to the private sector to develop, then the
private sector pays for what it wants to do and that is
a good principle.

Q353 Baroness Finlay of LlandaV: Could I follow up
very briefly on the comment you made, Dr Wallace.
Do you envisage tobacco companies potentially
developing a “safe smoking” test to say that you are
in a group that has a lower risk of malignancy based
on your genes?
Dr Wallace: I have done some research that is not
published yet based on internal tobacco industry
documents and I know that they put a lot of funding
into basically looking for lung cancer susceptibility
genes. The message they were putting out was that
only one out of 10 smokers gets lung cancer, therefore
there must be a gene or genes; therefore we will
develop a screening test and nine out of 10 can smoke
with impunity. That is obviously a false message. I do
not know the extent to which the industry still is
funding that kind of research. Certainly I would not
accuse them of putting that out as a false message: I
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think they genuinely believed that this was a way out
of the smoking controversy, as they called it. But
there is certainly the potential—I think we have to
remember when we talk about public health genetics
that in that case there was a clear incentive—to try to
undermine public health by promoting a genetic
approach to solving problems.

Q354 Lord Taverne: This is a question, in the first
case, for Mr Kent. You advocate more patient and
family involvement in the evaluation of research
proposals and their potential to deliver
improvements. How would that work? How could
this be done in practice? Are there examples of this
kind of involvement?
Mr Kent: Yes, there are a number of examples that I
can give you. For example, the Alzheimer’s Society in
this country funds a significant programme of basic
and applied research. Historically they had the
traditional expert panel of scientists and clinicians
which reviewed applications for research grants that
came forward to the society, but a number of years
ago they set up in parallel with that a panel of patients
and family members who also reviewed the research.
They do not look at the technical adequacy of the
research; that is the job of the scientific and clinical
panel. Their job is to understand why the proposed
research is important to families who live with
Alzheimer’s disease. As a result of requiring those
people who seek funding from the Alzheimer’s
Society to explain to those people who live with the
disease why it is what they want to do is important,
how they want to go about doing it and what they
think it will contribute to the progress towards the
development of eVective interventions and ultimately
therapies, the clarity of the research proposals, the
understanding about the specificity of the objectives,
and the general eYciency of the process has increased
significantly. At another level, orphan drugs, which I
mentioned earlier, tend to be given a conditional
marketing authorisation by the European Medicines
Agency which requires further investigations to be
done, monitoring their use in clinical practice. The
Medicines Agency has invited representatives of the
relevant patient organisation for the therapy which is
being marketed to participate in the discussions with
the company and with the representatives of the
regulatory committee as to what is a reasonable
degree of surveillance to generate the information
that is necessary in order to establish continued
evidence of safety and eYcacy as opposed to that
which might be desirable but which would impose
too great a burden on the lives and circumstances of
those people revealing the treatment. A number of
other of our member groups, the Epidermolysis
Bullosa Association, Cystic Fibrosis, the Muscular
Dystrophy Campaign and so on, have patient and
family representatives on their grant awarding

committees, and that, again, tends to concentrate the
minds of the researcher as to why what it is they want
to do is important. How can they, as it were, justify
the expenditure and the process that they adopt
against the understanding of the families of what is
important about the condition to them and to the
situation in which they find themselves?

Q355 Lord Taverne: This does have an influence on
the kind of research that is done, whether certain
proposals should be adopted or not, and, also,
presumably on the way in which research is done.
Mr Kent: Yes.

Q356 Lord Taverne: Which aVects the researcher.
Mr Kent: Yes, it does. It helps organisations to
identify clear priorities about what is the most
appropriate way forward in terms of the needs of
those aVected by the condition, but, also, it helps to
ensure that the protocols, the processes, the
procedures that are developed reflect and respect the
needs and the situation of the patients participating
so that they become more partners rather than just
subjects.
Dr Wallace: There is an increasing amount of
academic research on this idea of upstream
engagement. It is being considered now also in terms
of moving beyond just patients, because if you are
looking at preventative work, preventing diet-related
diseases or obesity and so on, then there is an
argument that could be made to involve broader
society much more; for example, asking people,
“What would help you to live a healthier lifestyle?”

Q357 Lord Taverne: Since quite a lot of research has
unexpected consequences and unexpected benefits,
that is not inhibited by this.
Dr Wallace: I agree. You certainly would not want to
omit all “blue skies” and just do what members of the
public told you to, but you could certainly use it to
inform your research priorities.
Mr Kent: On that very point, I think there was a
suspicion amongst some members of the academic
and scientific community that if you were to let
patients have a view and express that opinion, the
emphasis would shift to near-market or health
services research away from basic research. In fact, it
is quite the opposite. Because patients and families
are interested in cures primarily, eVective
interventions, and in palliation or management of
symptoms only if there is no possibility of a curative
intervention, there is a strong commitment there to
basic research as well as to the applied and the near-
market stuV.

Q358 Chairman: From what you know, where is the
research gap mostly?
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Dr Wallace: There are a lot of research gaps in health,
as I think you know.

Q359 Chairman: I was talking more about the social
science side.
Dr Wallace: The second Wanless Report was very
clear that there was a severe lack of evidence around
public health intervention research, for example.
There was a report commissioned which identified
that something like four per cent of publications in
the medical field addressed public health
interventions. So there is a clear bias towards what
can be patented, what is scientifically interesting, not
necessarily what is going to deliver the biggest health
diVerences. But I do not think I am the person to give
you the answers to that; it is a question of finding
processes that might give you the answer to that.

Q360 Chairman: It was the processes I was after.
Mr Kent: Again, I am not an expert in this field but
we are very poor at understanding how to deliver
health promotion messages. There is a lot that can be
done, as it were, to reduce the risk or to mitigate the
eVects of complex diseases which have a genetic
component. Some of that stuV, in a sense, we all
know. It is common sense: it is the healthy living
messages that are pushed out on a daily basis. But we
do not understand, in a sense, how to communicate
those messages to people/to families such that you
can achieve a permanent change in their behaviour,
so that even if they have a genetic predisposition to
develop a complex condition they adjust perhaps the
impact of lifestyle or environmental factors so as to
reduce the likelihood of that risk turning into a
progression into full-blown disease.

Q361 Baroness Perry of Southwark: Dr Wallace, in
your evidence you submitted that you thought there
should be legislation introduced to ban insurance
discrimination based on an individual’s genetic
makeup. How diVerent is that type of discrimination
from current practices of insurers having access to
individuals’ family history?
Dr Wallace: I think there is a specific situation that
arises with genetic testing, and I am thinking
particularly of the predispositions to familial
cancers—the BRCA1 and 2 genes (which the
industry has always said is the test they want to look
at next) and familial colon cancers and so on.
Research, for example, from Breakthrough Breast
Cancer has shown that women do worry about the
future insurance implications when they consider
whether or not to take a test, so you have a specific
circumstance where the medical decision that you
take may be influenced by knowing whether or not
the insurance industry will have access. I think that
tends not to arise so much with things like cholesterol
levels, where you know there is a known intervention

that you are going to take. These decisions about
whether to take the BRCA mutation tests, for
example, are very diYcult decisions. You are not sure
how useful the information is going to be. You are
not sure whether you are going to have a prophylactic
double mastectomy (which is the main intervention
you can take). When you are weighing up the
diVerence between what the industry would say is the
right to underwrite and what should be the
individual’s right to privacy in a medical situation, I
think you can say very clearly that in those specific
situations there is a real potential for insurance
industry access aVecting people’s decisions. There is
a real fear of that from the women involved. We know
it is not going to impact significantly on the industry:
under the moratorium they are not allowed to see
those results and the insurance industry has not
disappeared. There has also been research on that,
doing the calculations as to how much money
potentially they could lose. I think there is a very
strong case there. Given that future tests will either be
much less predictive or identify very small
populations of patients, you could have something
that parallels the current moratorium and protects
the industry by saying, “Okay, if somebody applies
for a very high value insurance policy then you can
seek the results.” I think that would work. There is a
lot of evidence that it would work and that it would
also reassure those individuals who are making those
extremely diYcult decisions about whether to take a
test or not.
Mr Kent: I do not think there is a case for an absolute
ban on this, because I think you would have diYculty
in defining what you mean by a genetic test. In our
view, the route by which you arrive at information is
not important; it is the quality and the value of the
information that is revealed at the end of it. If there
were to be a little fence drawn around the analysis of
DNA, there would be a temptation to think that
perhaps the industry then says, “Okay, fine, we have
done that, we have tackled unfair use of genetic
information in making the insurance decisions,” and
carry on using other predictive forms of information
in a much more relaxed way. In our view, any
predictive medical information that is desired for use
in insurance decisions should be evaluated very
robustly, very rigorously, in order to establish
whether the information is relevant, is significant. Is
the person claiming to be competent to analyse the
information and to draw inferences from it actually
competent to do that analysis and to create the
inferences? Is it significant in terms of the risk to the
future financial well-being of the industry or the
likelihood of a claim being made by the individual
compared with everything else that is happening
around? If you look at the attitude of the insurance
industry to genetics, a few years ago they were very
gung-ho: DNA testing was going to predict the
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precise moment of your death and the circumstances
surrounding it in a huge range of diVerent situations.
They have ridden back from that. Although, as Helen
says, there are applications in process in the Genetics
and Insurance Committee for BRAC1 and BRAC2,
they have been in process for a good many years now
without coming forward with a dossier for the
Genetics and Insurance Committee to look at. That
would suggest to me that there is a considerable
amount of rethinking going on in the industry about
how valuable genetic information might prove to be.
I should at this point declare an interest, in that I am
a member of the ABI’s Genetics Committee, which
does oVer advice to the industry on the future
progress of genetics. I would want that to be on the
record.
Dr Wallace: I think what Alastair says about the
industry is correct, that it is becoming aware that we
are not all going to know the day of our death and
that these tests are not going to be highly predictive.
But I would make the opposite argument, that it
allows an opportunity to legislate to protect people in
this specific area of familial predispositions, and that
there is still a problem under the industry
moratorium which Breakthrough Breast Cancer and
the other cancer charities would tell you about: the
issue of “test now, buy later”. There are women
deciding whether to take the test now who do not
know if they buy insurance later on in their lives
whether at that point the moratorium will have ended
and there will be a requirement from the industry to
see the results. I think the industry at the moment
wants to keep the door open just in case there is
something it does not know about, and I do not think
that is really a good basis to refuse to regulate.

Q362 Chairman: What is your comment about the
recent United States legislation related to insurance?
Dr Wallace: If the US can take these kinds of steps
then we should be able to take them in Britain. We
would also argue that it should extend to
employment to prevent genetic discrimination.

Q363 Chairman: To clarify, the United States
legislation, GINA, is that the employer or health
insurer cannot ask for genetic information but it does
not forbid a life insurer to ask for information.
Dr Wallace: Yes, that is correct, but it does cover the
employment situation, which we have not discussed.
I think it would be good to move towards that
happening in the UK.

Q364 Chairman: You are in favour of having such
legislation in the UK.
Dr Wallace: Yes, to have legislation that would
prevent both insurers and employers from genetic
discrimination.

Q365 Baroness Finlay of LlandaV: Could I explore
that a bit further. In the States, often your health
insurance is linked to your employment, but we have
an NHS here. I just wonder if you could separate
those two scenarios out.
Dr Wallace: That is a very valid question. I think that
is why we have not seen the same kinds of problems
that they have already seen arising in the States, with
people being refused coverage, for example, as a
result of genetic tests. That is obviously a benefit of
our system, but it does not necessarily prevent genetic
tests being used more widely in the future. We know,
for example, that the insurance industry does want to
use the BRAC1 and 2 tests, and we know that genetic
testing could become part of pre-employment
screening for other reasons. That is something the
unions are very concerned about that might be used
to decide who gets a job in certain kinds of industries.

Q366 Lord Broers: Is there a danger that when
dealing with common complex diseases genetic
information may be seen by the public as more
relevant in environmental issues and lifestyle choices?
Mr Kent: There is a slight danger but I think it is an
addressable one. The fear that underpins your
question, if I am interpreting it correctly, is that if you
get a genetic risk identified then you will somehow
develop the mindset, “I can do nothing about it,
therefore there is no need to do anything about it,”
and you will have this feeling that genetics is
inexorably predictable and nothing can be done to
alter your future health. With proper understanding
and with proper information provision to people who
are taking genetic tests, then the risk of that
happening is very small. I think most people are
capable of distinguishing between a certainty, a
probability and an association, given the
opportunity, and it is important that people
providing genetic information do so in a suitable
manner in order to make sure that people are not
simply, for example, given relative risks but given
absolute risks as well. Too often you see: “This result
indicates that you have a 10 or 20 per cent increased
risk of developing something.” Is that going from one
in 100,000 to one in 90,000? The absolute risk is
important as well, and we must clearly be careful to
ensure that genetic information and information
about other environmental and lifestyle risk factors is
communicated appropriately, so that people do not
develop that kind of mouse-caught-in-the-headlights
approach to genetic information but are able to
evaluate it appropriately and eVectively.

Q367 Lord Winston: Do you think there is a case
that can be made for a bit better public engagement
about this sort of issue? I am reminded of some news
out today from the conference of the European
Society of Human Reproduction and Embryology in
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Barcelona, press reports that in fact it is now going to
be possible to screen human embryos for their genetic
propensity for common diseases. In my view, a
complete nonsense—but it is the sort of thing that
gives alarm to some people because it starts to suggest
that we can do far more which is determinist than
we can.
Mr Kent: I would agree that there is a strong case for
greater public understanding of the risks and benefits
that are associated with increasing genetic knowledge
but that needs to be put in the context, also, of our
understanding of other determinants of health, so
that we do not focus too exclusively on the genetic
contribution to health and well-being at the expense
of things which are much easier to adjust in our
lifestyle and environment.

Q368 Lord Winston: If there is to be better public
engagement, who should conduct it?
Mr Kent: There is a wide range of diVerent groups or
bodies which could do that. It can be done through
schools, through the curriculum, with better science
education and a better understanding of the role that
science plays in our society. It can be done through
bodies like the MRC and the Wellcome Trust, who
have substantial public engagement programmes
that, with more funding, could be rolled out to
diVerent communities. It could be done through
patient groups, who have an important role in
interpreting research information to those who are
potentially sensitised to receive it, because they have
a real need-to-know because they are aVected or at
risk by a significant health condition. If a way can be
found to make it entertaining, then the media might
even take it on—but we should not rely on the media
to communicate health messages, because, as I say,
unless they are entertaining, they tend not to be
picked up.

Q369 Chairman: There is this wide theatre doing
exactly that just now, is there not?
Mr Kent: There is a lot of activity going on but it is
not reaching significant sections of the public. Those
people who are not in school are not reached by
school-based programmes. People from minority
communities tend not to receive standard health
promotion messages. People who do not see that they
have a direct need-to-know do not pick up
information that may be around that may in fact be
quite useful to them.

Q370 Chairman: Is this your perception or is this
something that is evidence based?
Mr Kent: I think there is considerable evidence that
public understanding of genetics is not as sharply
focused as it might be, but they do pick up the sorts
of ideas that Lord Winston has referred to and see

this as being a more definitive statement of truth than
in fact is the case.

Q371 Baroness Finlay of LlandaV: You just made me
reflect that, until very recent times, public health
messages in general, coming from people like the
Chief Medical OYcer, have categorised things as
either safe or unsafe. Assessment of risk and
understanding risk is a much more complex
concept—a debate which perhaps Professor Calman
instigated when he was Chief Medical OYcer. I
wonder for our inquiry how you feel that
communicating concepts of risk and relative risk
would best be played out to that large public that you
just outlined. For school children, the reality of it is a
long way oV, and the need to know is a potent drive
to learning.
Mr Kent: There is no one-size-fits-all model that you
can adopt and say that if you just do this, then people
will understand the idea of risk and proportionality
and what-have-you. I think there have been a number
of ways in which this has been tried. For example, in
the context of a genetic counselling clinic, counsellors
will use examples, they will use analogies, they will
convey things by using numbers or by metaphors.
They will say, “This means about one person in a
hundred may develop this, or you have a one per cent
risk,” presenting the information in a variety of
diVerent ways so that it is possible for the person
receiving it to picture it and to evaluate it and to
incorporate it into their own understanding of their
situation. Some people tend to like things given in
numerical form; some people tend to like metaphors
or analogies: “That’s about the number of people you
can get on to a double-decker bus,” the sort of
pictures that you can form in your mind to evaluate
the issue and its salience to you. Really we need to try
to make sure people are given access to information
through a variety of media: written, verbal and in
pictorial form, in order that they can take it in and
assess it and process it, and have the opportunity to
check back against an authoritative source if their
understanding is correct.

Q372 Lord Warner: These are questions really for
both of you. I am trying to wrestle with this issue of
how you relay public understanding to the regulatory
system. I want to go back a little bit to Mr Kent’s
remarks about the MHRA being a little bit more
energetic in this particular area. The public seem to
me to be likely to have the understanding fostered if
they can rely on the understanding of what the tests
themselves fit. That is what they are up against: the
issue of understanding, when the issue of taking a test
comes up. If they are dealing with drugs, they have a
guarantee that the regulator has not only tested the
safety of the drugs but has tested the eYcacy of the
drugs as well, so it is easier for them, with a
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professional, to make a judgment. They do not have
that same reliability, as I understand it, in relation to
a genetic test because it is classified as a medical
device. Do you feel that there is a fundamental flaw
at the heart of all this in the way the tests are treated
as a device rather than as a drug?
Mr Kent: Yes.

Q373 Lord Warner: Could you elaborate on what we
can do about it?
Mr Kent: Referring back to what I was saying earlier,
at the moment the In Vitro Diagnostic Directive
simply looks at the technical adequacy: Does it do
what it says on the tin accurately and reliably? There
is no attempt to evaluate if what it says on the tin is
important and useful. In our view, that second step
should be part of the evaluation process. Because if
you are somebody who is contemplating taking a test,
knowing that the test is technically valid is important,
of course it is; but knowing that the information it is
going to reveal is useful and relates to the question
you want answered is, in my mind, an essential part
of the regulatory process. In the context of genetic
tests, the important thing to know is the information
that is to be revealed by the test: Can I trust it and will
it tell me what I think I need to know about this
particular situation? In our view, the MHRA should
be encouraged to develop its input into the evaluation
of tests, to look at that end of the equation as well as
the technical end, which is currently all it is
empowered to do under the IVD Directive.

Q374 Lord Krebs: Mr Kent, I would like to go back
to the question about public understanding of genetic
versus environmental risks. It seems to me that one
phrase that is often used in media reports is the
phrase “gene for”. “A gene for breast cancer has been
identified” carries with it an implication of genetic
determinism: “If I’ve got the gene I’m going to get the
disease.” Do you think there is some work to be done
around the vocabulary that is used. Just as Lady
Finlay suggested we should avoid the word “safe”
because nothing is absolutely safe, we should avoid
the phrase “gene for”?
Mr Kent: I wish we could but I fear that train has left
the station long since and I cannot see realistically
how we can break that association in people’s minds.
That is not to say we should not try, and perhaps
there is a case for some research which looks at how
messages are conveyed around the idea of risk and
probability rather than causality in this area.

Q375 Lord Broers: Would there be a point in making
a statement where one can approach being
categorical? For example—and it is only anecdotal
and my observation—a lot of people who are obese
just relax back and say, “It’s in my genes”. That is
endlessly said. Is that ever the case that it is in their

genes or is this just a convenience? Should a
statement be made about that—that this is just not
true or very, very rarely the case?
Dr Wallace: We published a report in 2006 on
nutrogenomics, the idea of tailoring your diet to your
genes. One of the things that came out of that is a very
clear indication, for example, that all the genes that
had been linked with obesity either are very rare or
have not been replicated, or, in the case of a few recent
ones, they are involved in appetite. It may mean,
therefore, that an individual may eat slightly more
than another, but it certainly does not mean that
some people can eat what they like and not put on
weight—that ongoing myth about metabolism.
Earlier research in the metabolism area has been
refuted, but there is no scientist or anybody else
whose particular interest it is to be the person who
goes out there and explains to the public that that
research has been refuted or that this myth is no
longer widely believed in the scientific community. I
think there is definitely an area for messages around
that. I would agree strongly with Lord Warner’s
point that one of the issues around the marketing of
these tests that we see, many of which are being
marketed with supplements and diet-related advice,
is that you have got this very strong message in
advertising now and on the Web that may be giving
people misleading messages and unless you address
that and address the regulation issue then anything
you try and do on the public education side is likely
to get swamped by these alternative messages. I think
it is very harmful particularly in terms of potentially
confusing people. Which? did an investigation last
week on ancestry tests where they found that three
diVerent companies gave three diVerent genetic
ancestries based on the same sample. We know this is
happening with the diet-related tests. People have not
really woken up to that yet but if you get a situation
where you are getting widespread tests and some
people with the same sample are being given
completely conflicting results, information and
advice then there is a real potential of making the
diYculty in getting public health messages across that
we have now much worse.

Q376 Chairman: Thank you very much. We slightly
overran our time but before we finish what two
recommendations are you expecting out of our
report?
Dr Wallace: I would like to see a recommendation for
statutory regulation of the clinical validity and utility
of tests so that both those aspects are assessed before
the tests can be marketed.
Mr Kent: I would like to see a recommendation
coming from this Committee that in looking at the
future of genomic medicine and its potential to
change things for the better for families living with
intractable disease, proper consideration is given as
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well as to the risks and benefits associated with doing
the research to the risks and benefits that may follow
from not doing the research, because it is not as if we
live in a situation where everything is for the best in
the best of all possible worlds now. People are living
with intractable medical conditions. This research
may deliver answers for some of those conditions and
we need to make sure that that is fostered and there

Memorandum by the UK Genetic Testing Network

The United Kingdom Genetic Testing Network: Background

The UKGTN Steering Group was established in 2002 as a sub group of the Department of Health’s national
Genetics Commissioning Advisory group (GenCAG). It is a collaborative group of NHS laboratory
scientists, clinical geneticists, genetics commissioners and patient representatives. It aims to promote the
provision of high quality equitable genetic testing services for NHS patients across the UK. This involves
evaluating new tests and recommending to commissioners those appropriate for service. There are 32
member laboratories from regional genetics and other specialist laboratories. A small project team and five
working groups carry out the work on behalf of the Steering Group.

The UKGTN has an internationally recognised process (commonly referred to as the “Gene Dossier
process”) to evaluate new genetic tests (within its scope) being proposed for NHS service from its member
laboratories. Tests that pass the UKGTN evaluation process are recommended to commissioners for
funding via GenCAG. A Directory1 is produced annually listing all the tests that have been through this
process and the associated testing criteria to promote appropriate referrals. The Genetic Interest Group
reports that patients have recognised the increased availability of genetic tests because of the UKGTN
system. DiVerent approaches are used internationally,2 but the UK is seen as a world leader.

Key Points

— The UK has an internationally recognised system for assessing a subset of genetic tests and
recommending them for clinical service. This system relies on co-operation and collaboration
between all parties.

— Discussions about developing a policy for generating and assessing data about biomarkers and
pharmacogenetic tests should be held in preparation for assessing their clinical utility and validity
before being accepted into NHS service.

— The UK needs a policy and mechanism for translating genetic tests into service.

— There are issues to be addressed about coding genetic information and linking family data in the
NHS IT system.

— It is important that the commissioning and funding of genetic testing and genetic services are
explicitly considered when national policies are developed that aVect all aspects of health care.

— Genetics education (particularly over the appropriate ordering and interpretation of genetic
testing) remains a key priority.

1. Policy Framework

1.1 National policies are set by the Department of Health genetics branch. The UKGTN advises the
Department of Health (by formally reporting to the Genetics Commissioning Advisory Group) on policy
issues that will have an impact on the provision of genetic testing services within the NHS. The mechanism
for advising GenCAG is strengthened by UKGTN also regularly reporting to the National Specialised
Commissioning Group Network meetings and by our Project Team being led by a Director of Specialised
1 The Directory of genetic tests that have been evaluated and are available from UKGTN member laboratories is available from the

UKGTN website at www.ukgtn.nhs.uk
2 The evaluation of clinical validity and clinical utility of genetic tests (September 2007), authors Dr Mark Kroese, UKGTN Public

Health advisor; Dr Rob Elles, Director NGRL Manchester; Dr Ron Zimmern, Executive Director PHG Foundation.

is a cost that is associated with not doing it that needs
to be established and borne in mind.

Q377 Chairman: Thank you both very much for
making time to give us this evidence, it is very helpful.
Thank you.
Mr Kent: Thank you for the opportunity.
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Services Commissioning. However the UKGTN is purely advisory and collaborative and therefore cannot,
for example, enforce funding for recommended tests. Consequently there may be inequity of service
provision across the UK due to local commissioning arrangements; UKGTN is carrying out a survey of
testing provision for the year 2007/08.

1.2 A genetic test is defined for UKGTN as a test for an inherited disorder where nucleic acid is the analyte.
Evaluating other genetic tests is not formally within the remit of UKGTN, for example biomarkers
associated with disease susceptibility or pharmacogenetic testing. However UKGTN keeps a watching brief
on these wider developments in order to provide comprehensive advice. It therefore carried out a
consultation to ascertain views as to whether such tests should be evaluated for analytical and clinical
validity and utility before being proposed for NHS service.3 There was broad agreement that a mechanism
for doing so should be identified. Based on this, recommendations have been made to GenCAG to influence
future policy. The consultation has now been widened to include Royal Colleges, Professional and other
organisations such as NICE, Wellcome Trust, the Centre for Evidence based NHS Purchasing. It is
extremely important that a national policy be developed in readiness for when such tests become available
either commercially or as part of NHS provision. UKGTN is willing to make its experience in assessing
genetic tests available.

1.3 Another example of UKGTN anticipating technologies that may impact on future service provision
and policy is its asking the PHG Foundation (formerly the Public Health Genetics Unit, Cambridge) to
review the use of micro arrays to detect genome imbalance in learning disability.4 The UKGTN made
proposals against all the recommendations listed in the report.

1.4 Regarding genetic testing, other organisations with an interest in policy include the National Genetics
Reference Laboratories (NGRL) which assess scientific validity of new technologies and make
recommendations. NICE appears to focus more on treatments than laboratory diagnostics. Exceptions are
when mainstream specialities with a national profile are reviewed eg breast cancer and cadiology. The
National Horizon Scanning Centre also considers genetic technologies. UKGTN was disappointed that
HTA did not take up a proposal to examine microarrays and their introduction into clinical practice.

1.5 It would be advantageous if policy makers in the wider NHS came to appreciate the importance of
genetics and genetic testing. Genetic testing is currently of low volume but the use of genetic technologies
is likely to filter into all specialties. Operational issues need addressing such as a need to develop adequate
coding and categorisation (by HSCIC), currencies for tariV development (the PbR team) and family based
electronic records linking with the development of coding so that genetics services can feed into PAS
(Connecting for Health).

To contribute to these, the UKGTN ran a project to inform national tariVs for genetic testing.5 UKGTN
continues to link with the Department of Health Payment by Results team and the Health and Social Care
Information Centre and to influence policy on currencies, coding and classification for genetic testing. The
UKGTN also links with the European Rare Diseases Task Force on the development of coding for genetics
(ICD-10) which in turn is used by the NHS to code and group services.

1.6 Commissioning policy identifies Genetic services (clinical and laboratory) as a specialised service in the
National Definition set published by the Department of Health. Genetic tests are requested by the referring
clinician either from a mainstream speciality or by clinical geneticists. As new tests are developed there will
be a need for the national tariVs/local prices to be adjusted for these costs. UKGTN has been working to
develop tariVs for genetic tests separate from clinical services. This will also require an educational initiative
for referring clinicians outside clinical genetics.

1.7 Regarding ethical, legal and social implications, UKGTN takes these into account as part of the Gene
Dossier Process but wider implications are addressed in depth by other bodies.

1.8 The UK may need to influence current discussions in Europe concerning the IV Directive and the
possibility that genetic tests may move from category 1 to category 2. Category 1 products are self regulated
whereas category 2 products need to meet formal regulations. UKGTN is concerned about the impact on
tests developed “in house”. Some laboratories may have to move to use commercially available kits which
are likely to be more expensive and may not provide the exact testing requirements.
3 Evaluation of novel genetic tests & complex molecular biomarkers (July 2006), authors Dr Ron Zimmern, Public Health Genetics Unit

& Dr Mark Kroese, UKGTN Public Health advisor
4 Evaluation of the use of array comparative genomic hybridisation in the diagnosis of learning disability—Report of a UK Genetic

Testing Network working part (August 2006), main author Hilary Burton, Public Health Genetics Unit.
5 UKGTN National TariV Exercise—National TariV Proposals for Molecular Genetic Testing (May 2007), author Jane Deller, UKGTN

Project Manager in collaboration with the UKGTN Project Team
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2. Research & Scientific Development

2.1 The UKGTN remit does not include the co-ordination or advice on research but because it provides
advice on the likely impact of new genetic technologies and new tests on service configuration the UKGTN
does have a role in horizon scanning.

2.2 The rate of change in genetics technologies is fast moving. The NHS seems to find diYculty in keeping
up. For instance, eYciency and productivity from introduction of new technologies into genetics
laboratories by the White Paper is only just being realised although some of the equipment may already
be considered out of date. Currently new developments include whole genome sequencing and micro arrays.
These new technologies may impact on the speed of providing test results.

2.3 Although core research attracts funding, UKGTN recognises a policy gap in identifying mechanisms
to support funding for development and translation. Also, it is important to ensure that there is a policy
mechanism not only to ensure suYcient national capacity for genetic testing but that it can be used flexibly
in response to clinical demand and the advent of new technologies that could link with Pathology
Modernisation.

2.4 There may be value for the NHS to consider laboratory configuration as the boundary between
cytogenetics and molecular genetics becomes less distinct due to new technologies. It may be diYcult to
ensure national capacity and influence laboratory configuration, as specific Trusts manage the regional
laboratories.

3. Data Use and Interpretation

3.1 Genomic information associated with clinical disorders is being collated and annotated in various
databases, for example DECIPHER (DatabasE of Chromosomal Imbalance and Phenotype in Humans
using Ensembl Resources) run by the Wellcome Trust Sanger Institute. One of the National Genetics
Reference Laboratories is also taking forward a Clinical Molecular Genetics Society initiative in establishing
the Diagnostic Mutation Database (DMuDB) to collate data derived from sequencing disease genes in
quality assured laboratories.

3.2 Performing an assay (the method used to analyse a sample) may be undertaken using robotics but the
clinical interpretation of the raw data usually has to be carried out manually. It is the latter which requires
specific expertise and knowledge of the genetic condition. Concomitant with an increase in speed of
generating test data, there has to be an increase in the capacity to provide an interpretation. Introducing
new technology may therefore place a strain on genetic laboratories as interpretation of genome data
demands more time. The development of software for interpretation of results would appear to be a priority.

3.3 Laboratory and family data from patients referred to specialist genetics services usually have to be
recorded on bespoke IT systems because NHS programmes tend not to have the ability to manage them
adequately. This is because of the need to link family information and the lack of nationally agreed coding.
This aVects not only genetic services but as patients with genetic disorders are seen in all specialties, family
information may be important in management. This is a challenge for the NHS IT system.

3.4 The Human Genetics Commission and the PHG Foundation have considered the implications on
storing genome data and on privacy. The Genetics and Insurance Committee are probably better placed
to comment on the use and abuse of genetic information in insurance. The JCMG also produced a report
on consent and confidentiality. Particular attention needs to be paid to direct consumer testing and how
results will be stored and used.

4. Translation

4.1 UKGTN has concerns about the current lack of a mechanism to translate genetic tests from research
into clinical practice and validate them. There is a demonstrable gap in translation between the identification
of genetic tests for genetic disorders and their development into NHS service. Currently commissioners
expect laboratories to submit a business case to their hosting NHS Trust for development monies. However
we are advised that the laboratories have diYculties in securing a financial commitment. Within the current
research and development framework it is unclear how information about clinical utility of biomarkers will
be generated to inform acceptance of a test into NHS service, and whose responsibility this should be.
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4.2 Translation into clinical practice has often been as a result of local clinical interests. The UKGTN is
concerned that a mechanism is developed to ensure tests are introduced into service where no laboratory
has a prior interest. In addition, the UKGTN has been encouraging laboratories and clinical services to
develop “portfolios” of testing, concentrating either on several diseases associated with a particular gene,
or a particular disease.

4.3 Investment from the White Paper for English laboratories provided an opportunity for laboratories to
modernise. However there is no rolling programme of investment unlike Scotland which has a rolling capital
programme for molecular genetics. Left to each individual organisation the investment will diVer by
organisation and pace of change will diVer and consequently the levels of service will not be equitable. Due
to the fast pace of technological change this is a particular issue for laboratories using genetic technologies.

5. Biomarkers and epidemiology

5.1 The current remit of UKGTN does not include evaluation of genome-wide association data, but
UKGTN does have a role in evaluation of tests for high genetic risk biomarkers as used to identify subsets
of common disease presentations where there is high hereditary risk, (eg in hereditary breast or bowel
cancers, or in sudden cardiac death).

5.2 There is an urgent need to determine how the UK is going to collect epidemiological data for assessing
tests for rare single gene disorders and biomarkers. It may be diYcult to gain epidemiological data about
many single gene disorders because of their low frequencies. Data that could be collated are not being
captured on NHS systems. In addition, it is vital that studies are undertaken when biomarkers are identified
to assess their utility in clinical practice before being accepted into NHS care. As discussed earlier, it is not
clear how such studies are going to be developed and funded.

6. Use of genomic information in a healthcare setting

6.1 As inherited conditions are researched, many are found to be genetically heterogeneous, with mutation
in more than one gene causing the same, or a very similar clinical presentation (eg Spinocerebellar ataxias
[SCA1-17]). Conversely there are now several examples of genes where diVerent mutations in one gene can
cause very diVerent clinical conditions (eg FilaminA, Lamin A/C, and a calcium channel gene CACNA1A—
including SCA6 as one of its presentations). The classification, or subclassification of such conditions for
coding purposes is a challenge, but will probably require some form of dual approach. The UKGTN is
involved with Orphanet and the Rare Diseases Task Force in Europe in developing a standard approach
for coding rare disease including ICD-11.

6.2 The UKGTN currently uses OMIM for disease nomenclature and the HUGO database for gene
nomenclature.

6.3 Although UKGTN evaluates proposed new genetic tests for NHS service for inherited disorders, there
is no assessment of tests made available where non UKGTN laboratories are providing the testing. An
opinion is not available to the UK population on the merits of direct to consumer testing either, increasingly
freely available through the internet. There appears to be little evidence base on the utility of these tests
and information about test results direct to consumer are not always clear in explaining relative risks. This
could have an impact on the NHS if anxious consumers enter the NHS system to ask advice.

6.4 UKGTN wanted to explore the issues of introducing genetic tests into a “mainstream” specialty, and
commissioned the PHG Foundation to explore the issues taking ophthalmology as an example.6

It is likely that not all clinicians within a particular specialty will need to develop in-depth genetics expertise,
but all clinicians should be able to recognise when it would be appropriate to refer a patient to a genetics
specialist either within the specialty or to clinical genetics. Clinical genetics would continue to see patients
with very rare conditions but would also provide information and support to other specialties. The report
gives an excellent overview of policy and organisational requirements necessary for “mainstreaming”
genetics.
6 Genetic Ophthalmology in Focus, A needs assessment and review of specialist services for genetic eye disorders—Report for the United

Kingdom Genetic Testing Network (March 2008), authors Professor Tony Moore, Professor of Ophthalmology, Institute of
Ophthalmology, University College London & Dr Hilary Burton, Consultant in Public Health Medicine, PHG Foundation,
Cambridge.
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6.5 As the number of appropriate genetic tests increases, the current role of the specialised genetic services
in “gate-keeping” will need to be reconsidered. Some colleagues in other specialties increasingly will want
to use genetic testing. Funding will need to take account of test costs within these other specialties and
there will also be a need for education and information. The requesting or reporting of a genetic test requires
education in genetics and therefore UKGTN is working closely with the NHS National Genetics Education
and Development Centre in Birmingham. With Skills for Health, the Centre developed core competences
for non genetics healthcare professionals, including competences regarding ordering and interpreting genetic
tests to patients. This is likely to a long term task, and requires the involvement of education providers,
statutory bodies responsible for professional training and policy makers.

6.6 There will be a particular need for some in the NHS workforce to develop skills in diVerentiating
between genetic test results that oVer certainty, and those that give a relative risk. This may have particular
relevance to direct to consumer testing where UKGTN believes that those providing the tests have a duty
to ensure that consumers are given suYcient information. We are aware that some people believe that this
should be made mandatory.

21 April 2008

Memorandum by the London Specialist Commissioning Group

Background

1. Genetic services are defined as a specialised service in the National Definition Set, set out by the
Department of Health. Commissioning arrangements for specialised services are overseen by the National
Specialised Commissioning Group. There are 10 Specialised Commissioning Groups (SCGs) in England and
their responsibilities are defined in the “Review of Commissioning Arrangements for Specialised Services—
May 2006”, Chaired by Lord Warner.

2. This submission is from the London SCG in association with East of England SCG and South East Coast
SCG that is responsible for commissioning (planning, procurement, quality assurance and evaluation) for
NHS services.

Policy Framework

3. The UK Genetic Testing Network (UKGTN) influences policy by evaluating new tests. NHS
commissioners are made aware of new tests available through the UKGTN processes which inform
commissioners of indicative new funding levels required as developments occur. This enables commissioners
to agree appropriate funding levels within the commissioning planning cycle. The UKGTN evaluation process
includes testing criteria which promotes appropriate referrals. This reassures commissioners that testing will
be carried out only when there is clinical need and clinical base.

4. Scientific advice to assist on policy development is provided by the national genetic reference laboratories
who are members of the UKGTN.

5. Commissioners do not directly fund developments to translate research into NHS mainstream services.
Commissioners would expect laboratories to provide a business case for their own Trust management to
support and secure development funding. However, some laboratories have diYculty in securing funding when
competing against other service priorities.

6. The National Institute of Clinical Excellence (NICE) provides technical appraisal, clinical guidance and
procedures for commissioners although they tend not to look at diagnostics, but the treatment element.
However exceptions are made when there is a political imperative, for example, breast screening. In the main,
new tests are not evaluated by NICE. The UKGTN takes on this role for genetic tests for inherited disorders
where nucleic acid is the analyte.

7. Laboratories need to be clinically appropriate working within quality assurance scheme like NEQAS and
CPA accreditation.

8. Commissioners are not always aware of what is happening in research until developments are ready to
become a mainstream service. For example, the Sanger Centre is developing a national database for
microarray testing using the three laboratories to undertake the testing and provide results. The consequential
implications of large scale and high throughput test provision are not clear to either service providers or
commissioners and will require careful monitoring.
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9. Social, ethical and legal consideration is taken into consideration when setting policy. The Human Genetics
Commission is the UK’s government advisory body on new development in human genetics and the impact
on individual lives.

10. No other country has a similar system as the UKGTN gene dossier process for introducing new genetic
testing. In the USA there is a more open approach where the public can easily access testing. For example, the
USA oVer open access for paternity testing but, rightly so, this is not available within the NHS.

11. Discussions are currently taking place in Europe concerning the IV Directive and the possibility that
genetic tests may move from category one to category two products. Category one products are self regulated
whereas category two products need to be passed by a formal regulator. This could have an impact on the tests
that are developed in-house. The implication is that some laboratories may need to use commercially available
kits which are likely to be more expensive and may not provide the exact testing requirements. This will have
an impact on costs for commissioners.

12. NHS policy recognising the important role of the commissioner as set out in the aims of World Class
Commissioning. This commissioning perspective should be seen in this context and we would encourage the
review to take the opinions from commissioners as well as academic, clinicians, scientists and patients. It is
important to ensure that services continue to develop based on evidence in an appropriate way. In order for
this to be achieved commissioners need to be informed to ensure the resources are planned for the services
required.

Research and Scientific Development

13. There is investment in research but the rate of change for developments is slow because of the links with
the NHS and the availability of mainsteam funding. Focus in the NHS is on common diseases because of
critical mass however we also do need to consider the implications because genetic conditions will be for rarer
conditions within each specialty.

14. The national reference laboratories have a role in developing new technologies but the pace is slow and
as a consequence much of the work is repeated in local laboratories. Foundation Trusts see this as an
opportunity to develop services. For example, Guy’s & St Thomas’ were able to access development monies
to develop rapid QFPCR screening that reduced costs for commissioners.

15. Financial support is usually through charitable grants or the Medical Research Council. Research is
usually taken forward by interested parties as there does not appear to be a policy framework to support
research. There is no mechanism for commissioners to measure capacity in the system or to identify value for
money other than initiatives led by commissioners.

16. Commissioners are aware that laboratories are developing a whole sequencing process for testing but the
implications for this are not clear. It is apparent that there will be a need to assess integration and
reconfiguration of laboratories both between additional molecular and cytogenetic providers and their
relationship to additional pathology services as indicated within Pathology Modernisation. The NHS needs
to be responsive and promote eYciency by reconfiguration.

17. Commissioners have supported robotic systems in laboratories to improve throughput. The time limiting
step now appears to be in the interpretation of the assay.

Data Use and Interpretation

18. Technology is far more advanced than the software to interpret results which impacts on the time that
patient’s receiving their results.

19. Genetic recording systems (often bespoke) hold personal family data with no way of cascading family
information. Family data is not part of connecting for health and the diagnostic element and results (positive/
negative) is not adequately recorded on systems. There is insuYcient coding and classification for the rare
diseases and as a consequence the NHS is not capturing the valuable data source about these conditions.

20. The need for mainstream specialties to access genetic tests is growing and needs careful consideration as
part of a care pathway in order to conform with the 18 week referral to treatment policy. We need to be clear
about the implications for genetic services as the referral pathways may lead to the main specialty dealing with
the rarer conditions. Already we are having discussions about the design of a care pathway for familial cancer
to ensure that patients and those at high and moderate risk are accessing breast screening services in a
timely manner.



Processed: 29-06-2009 20:45:57 Page Layout: LOENEW [O] PPSysB Job: 414076 Unit: PAG1

217genomic medicine: evidence

21. There are storage issues about holding confidential family information when consent is based on an
individual’s agreement. Genetics is an NHS service benefiting families rather than individuals and because of
the complexities, the British Society of Human Genetics (BSHG) have produced guidance on consent and
confidentiality on genetic testing and the sharing of genetic information.

22. Families may choose not to take up testing when oVered because of concerns about this information
having to be declared.

Translation

23. It is clear that more tests are going to be requested as more genetic conditions are identified in mainstream
specialties and these need to be part of an agreed clinical pathway. There are concerns that mainstream
specialties do not always consider the extended family and these needs to be taken account of in the future.

24. It is diYcult to identify who is responsible for translation to clinical practice. Arrangements are informal
and usually developed through the interest of individuals or influenced by patient groups.

25. There is an issue about the fast moving pace in genetics. The Genetics White Paper provided an
opportunity for laboratories to update their services but if this is left to individual organisations the pace
would be slower and moving at a diVerent rate according to individual organisation’s priorities. These impacts
on test turnaround times and eYciencies.

26. As far as we are aware there is no regulation on “over the counter” testing and there is little evidence-based
information to support undertaking these tests. People who purchase “over the counter” genetic tests may not
fully understand the result provided due to the company not providing counselling or fully explaining the
results. This may lead to unnecessary anxiety and patients entering the NHS system in order to have their
results fully explained.

27. In South East England, commissioners have set up a clinical network inclusive of academic leaders:

— Imperial College;

— King’s College London School of Medicine;

— Institute of Child Health/Institute of Neurology/University College London; and

— Queen Mary’s College.

28. The purpose of this is for commissioners to be informed about developments and their implications on
NHS services.

Biomarkers and Epidemiology

29. As the NHS systems are not capturing data it is unable to predict incidence and prevalence of the
population. The limited data that is collected does not record numbers of positive/negative tests by disease and
there is no benchmarking data to monitor this activity against. Some testing is not commissioned through
genetic clinical services but through local specialties, such as paediatrics and is often not separately
identifiable.

Use of Genomic Information in a Healthcare Setting

30. The NHS National Genetics Education and Development Centre is working with a range of groups
throughout the UK to facilitate the integration of genetics education into all levels of education and training
for all NHS health professionals.

31. Regulatory code should be developed with the Royal Colleges so that specialties understand the
implications of ordering genetic tests, including consent issues, care pathways and outcomes.

21 April 2008



Processed: 29-06-2009 20:45:57 Page Layout: LOENEW [E] PPSysB Job: 414076 Unit: PAG1

218 genomic medicine: evidence

Examination of Witnesses

Witnesses: Professor Peter Farndon, Consultant Clinical Geneticist and Director of the UK Genetic Testing
Network; and Mrs Jacquie Westwood, Director of Specialised Services for South East London, Bexley

Primary Care Trust, examined.

Q378 Chairman: Good morning to both of you and
thank you for coming to give evidence, Professor
Farndon and Mrs Jacquie Westwood. Again, if you
have any opening statements, please feel free to make
them. Would you introduce yourselves as to who you
represent when you first speak. Can I invite you if you
have any statement to make to make it.
Mrs Westwood: Thank you for inviting me. My name
is Jacquie Westwood, as you have heard, and I am
representing commissioning in the NHS. I work for
the London Specialised Commissioning Group based
in Bexley Care Trust and part of my role, which has
been agreed across the 10 specialist commissioning
groups in England, is for me to work with the
UKGTN as a project director in collaboration with
all stakeholders in order to secure the best possible
service and equity for NHS patients.
Professor Farndon: I am Peter Farndon. My day job
is Consultant Clinical Geneticist in Birmingham so I
actually see patients, but I am here today as
Chairman of the United Kingdom Genetic Testing
Network for which my foundation trust allows me
time to come out and chair the meetings. I think
UKGTN has been extremely successful in delivering
for patient care tests that have been identified both by
patients and by laboratories and clinicians. I think it
has been so successful because it has been grounded
in NHS practice so that we have actually managed to
identify what needed to happen and then got
somebody to pay for it in the NHS. I wonder if you
would also allow me to explain what we mean by
genetic testing. In all the work of the UKGTN
genetic testing means two separate things rolled
together in that term. The first is the laboratory assay
which has to be quality controlled and delivered—by
whom we can come to later—and then there has to be
clinical interpretation of those results and an
explanation put into a clinical context. The UKGTN
definition of genetic testing is both those two bits of
explanation and the laboratory assay—and we think
that is really important in thinking about this. The
results of this process mean that some of it has value
for individuals and some of it has value for families
when you set it in a clinical context. The other thing
that we have come to realise is that when we started
work the results of our genetic tests had absolute
values to patients—yes/no answers—because they
were for single gene disorders. In the UKGTN in
discussions about the future and use of SNPs and
predictive tests and things like that, we have come to
appreciate that it is all about relative risks really and
how you put the relative risks from a genetic test
against all the other risks that the patient comes into
in medicine and their disease, so their age, sex, what

they eat, where they live, and their population
ancestry. We have got two ways of thinking about
genetic testing. One is absolute risk and one is relative
risk but the most important thing is for both of those
two things what does it trigger in health interventions
or information.
Chairman: We might come back to that but can I ask
Lord Winston to start.

Q379 Lord Winston: Genetic tests are now available
for which it is claimed you can predict common
diseases, you can predict drug eYcacy and toxicity
and guide therapy in diseases such as cancer and
leukaemia. What do you think are the best ways to
assess the clinical validity and utility of these tests?
Professor Farndon: If we go back to the UKGTN
model which we have used for single gene disorders,
we think that the model is still valid.

Q380 Lord Winston: Can we exclude single gene
disorders.
Professor Farndon: Yes, but we think that as part of
that process there has to be the scientific validity of
the test and therefore the scientists and
epidemiologists at the moment are coming up with
gene disease correlations, so we are having the
scientific data but then what has to happen is the
clinical performance, and for the NHS that is really
important because that has to be paid for. We think
those two things have to be taken into whatever
system is used to assess that test. You need a system
to identify the scientific validity. That can come from
studies with the MRC or the Wellcome or various
other things but then there needs to be a bit which is
not present at the moment to determine how that
applies in clinical practice. That is the gap at the
moment.

Q381 Lord Winston: Which of these new tests do you
think will have the most impact on the NHS first?
Mrs Westwood: Can I say both, because I think the
clinical validity is important because it is assuring the
quality of the test—

Q382 Lord Winston: I am sorry, I did not ask my
question quite clearly enough. Which new genetic
tests will have the most impact on the NHS?
Professor Farndon: The information that comes from
a combination of SNPs probably in areas like the
combination (and I cannot remember how many it is,
eight or so) SNPs for the variants in breast cancer and
the ones that are associated with increased
predisposition to prostate cancer for instance, I guess
what will happen is when they have been sorted out
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the combination of the eight SNPs in the low
penetrant genes for breast cancer will move a
woman’s risk up and down the screening programme
at the moment. A certain combination will say, yes,
you need screening at the age of 50; another
combination will say, together with all the other
lifestyle things as well, you do not need screening
until you are 70 because of the relative risk. UKGTN
thinks those are the kinds of combinations and
maybe there will be combination for hypertension or
a combination for diabetes but of course we do not
know at the moment.

Q383 Lord Winston: People like James Scott have
spent most of their recent research life trying to
investigate the genetics of diabetes and have drawn a
total blank.
Professor Farndon: I was a great sceptic over this and
I have been for a number of years, as some people will
know, but there are certain times when one goes along
to a scientific conference and you can see that things
have actually moved, and at the last European
Society for Human Genetics, combinations of SNPs
and genes were suddenly being presented from the
Wellcome Case Control Consortium and some of the
work that is coming out of Hinxton as well looking at
the cancer genes which make me more who hopeful.
However, I cannot give you a timescale. The most
important thing is that we have a mechanism in place
to decide how we will deal with this when this
information is available.

Q384 Lord Winston: And which body do you think
should cover these new types of test, the UK Genetic
Testing Network?
Professor Farndon: I think it should be a body that can
horizon-scan, that can see what is coming along, that
can make sure that scientific validity tests have been
performed and then can undergo a clinical
assessment about performance. UKGTN does that
at the moment for single gene disorders. What has
also become apparent is that the borderline between
cytogenetics and molecular genetics is very blurred at
the moment, it is a matter of scale, so we have started
looking at arrays and how do we get those into
clinical practice. The UKGTN would have
something to oVer, the process that we have
developed would have something to oVer, but I think
it is a wider debate about what such an organisation
would look like.

Q385 Lord Winston: I want to be absolutely clear
and I want to press you on this because this
Committee will in due course be advising ministers
and government about what action it should take in
an extremely complex and very, very expensive area.
Are you really confident that the analysis of SNPs is

really going to make a fundamental diVerence to
healthcare in 10 or 15 or 20 years’ time?
Professor Farndon: I am more confident—it might not
be analysis of SNPs, it might be copy number, it
might be sequencing—that there will be more
information coming out of the human genome in very
particular cases.

Q386 Lord Winston: Without any evidence about
gene expression for example?
Professor Farndon: One hopes that that will be the way
it will go, that will supersede all this and you will find
out how the genes actually work.

Q387 Lord Winston: That would be very complex
and expensive.
Professor Farndon: Yes, which is why it is even more
important that the clinical performance of these tests
is sorted out before we decide whether or not to go
down there. It might be that such an organisation
says on the basis of all the information, this is not
something we should be doing, but the problem at the
moment is that we have not got a mechanism to
decide that.

Q388 Chairman: You did not say, in response to
Lord Winston’s question, which organisation you
think should be the one that takes it on. You
partially answered that question that you were
doing it now for single gene disorders but have you
got the capacity to do it if there was a need—and
we are not quite sure that there is a need—for more
common diseases, and what about the role of NICE
and MRHA?
Professor Farndon: We have discussed these in
UKGTN about the diVerent organisations. Jacquie,
do you want to say something?
Mrs Westwood: We understand that there are a
number of organisations that are appraising whether
services should be of value to the NHS and that is
very important from commissioning because it is
giving you an assurance about what you
commission. I think for the area of pathology in the
widest sense there has not been the same focus and
perhaps this is because the NHS in general does not
commission for pathology in the same way as it
commissions for other services because pathology
has perhaps traditionally been seen as an
infrastructure within a hospital so that cost is
associated in diVerent ways. I think in terms of
evaluation, what we have found in genetics where
commissioners have had a real role in
commissioning tests, is that it has been extremely
important for us to find a process by which we have
assurance of the clinical validity and utility as well
as the scientific requirements and by designing the
process we have that, in terms of pathology in the
widest sense, my view is, as Peter has explained, the
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process that we have developed is transferable. It
does not necessarily have to be the UKGTN that
would take that on board but there are many areas
where the boundaries merge and cross and therefore,
whatever happens, the UKGTN in its role would
have to be able to collaborate with partners in
dealing with that, so my view is with the
Department of Health recently setting out its
Diagnostic Programme Board, we should somehow
be able to use that in order to design a process which
fits them all together because, if not, I think
decisions will not be made in a consistent manner.
That is absolutely important because otherwise we
will get into lots of duplication which is unhelpful,
so my view is that UKGTN could have a role in
helping this in terms of the process. Clearly there
would have to be additional expertise available in
order to make those processes work.

Q389 Chairman: Let me move on to question that
follows. If we have done all the research and we find
that a test has utility and has been found to be cost-
eVective and now needs to be introduced in clinical
practice, how should that be done so that it does not
end up that it is introduced in some areas and not
in other areas and who should do that?
Mrs Westwood: Again we have been able to achieve
that because, as Peter has said, originally—

Q390 Chairman: But that is only in London.
Mrs Westwood: No, it is national, it is UK, England,
Wales, Scotland and Northern Ireland.

Q391 Chairman: Which tests, can you give us an
example?
Mrs Westwood: Any test. The new genetic tests
which have been evaluated have been introduced
nationwide.
Professor Farndon: About 350 of them I think.

Q392 Chairman: There are currently 350 genetic
tests being used in the NHS?
Professor Farndon: No, these are the ones that have
been assessed and are paid for by the
commissioners.
Mrs Westwood: How we are able to do that is by
making the whole thing connect so that, as Peter
said, it is embedded in the NHS. It is not something
on the side, it is real business. It is very important
from a patient perspective that we achieve this
equity, so what we have been doing is ensuring that
through the processes of engaging with
commissioners as well as with our clinical and
scientific colleagues we have designed processes by
which new tests are looked at every year and agreed
or not agreed in order to be available in the NHS.

Q393 Chairman: What is the uptake like?
Mrs Westwood: In terms of the uptake of tests,
individual commissioners are reviewing these and
they feed back to the Department of Health group
which has been set up. We are looking at
eVectiveness also from the UKGTN perspective to
review uptake. I do not have the figures as yet. What
we have found is that the predictions that had been
made, both clinically and from the scientists, are less
then than their original predictions that are
provided at the end of the day.
Professor Farndon: There are some policy tensions
here because what as Chairman I am desperately
keen to make sure is that we have equity of access
to the existing genetic tests that are part of this
network. We set that up by agreement and
consensus nationally and then have to rely on
genetic laboratories in foundation trusts to provide
the service, paid for by commissioners in specialist
service groups and PCTs, so there are some policy
tensions within the system.

Q394 Lord Warner: Can I just explore some of
these policy tensions, as you slightly euphemistically
describe them. Can we just be very clear about how
this commissioning system works. You identify—
this is a query—350 tests at the beginning of a year
and you ensure their availability through reputable
providers of those tests, and you do that on some
forecast basis by the NHS, and then you rely on
people in the NHS to use these commissioned
facilities on a day-to-day basis? If Dr Winston
needed one of these tests he would go through that
commissioned 350 tests? Is that how this works? I
think it is quite important that we understand how
this works.
Professor Farndon: There are 352 diseases that are
paid for by commissioners under the specialist
services definition number 20. There are of course
other laboratories which provide other tests which
give genetic information and it may be that there are
diVerent systems for paying for those. The diseases
and tests that are provided through the United
Kingdom Genetic Testing Network are in
laboratories that have come to a certain standard,
agreed that they will be involved with the clinician
and have agreed what information the patient will
get at the end of it. They are paid for through the
specialist commissioning service.

Q395 Lord Warner: If you are in the NHS for one
of those 350 disease conditions, you cannot get your
test done other than through had that network? Or
are those the policy tensions you are talking about?
Mrs Westwood: From a commissioning perspective,
the members of the UKGTN, that is the regional
laboratories and services that are part of it, come
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with a quality assurance, so we know from the
patient perspective—

Q396 Lord Warner: Sorry, I am not making my
question clear. I am talking about when we get back
to the individual doctors dotted around the NHS.
Does this system mean that they can only get tests
done for those 350 conditions by going through one
of the approved laboratories that you have identified?
Professor Farndon: Unless they wish to say, “I will go
to a laboratory overseas,” or, “I will go to a non-
accredited laboratory in this country if somebody
else provides it,” and that is their decision because
they are paying for the test. If they want it to be paid
for through the specialist commissioning service then
they have to go through one of these laboratories.
The tension we have got is if an ophthalmologist
wants to send a test in, they have no funding stream
in ophthalmology to pay for it unless they pay for it
out of their budget. The funding stream for the
majority of these tests is through the genetics services;
that is another policy tension. If we try to roll out
equity of genetic testing into other specialties, we
have to come to some re-think about how that
might occur.
Baroness Finlay of LlandaV: Before I ask you my
main question I would just like to follow up on that
very briefly over these policy tensions that you refer
to because we also have devolved health
administrations and I wanted to ask you how your
principle of equity works across the devolved health
administrations as well.
Chairman: Where in some of them there is no
commissioning?

Q397 Baroness Finlay of LlandaV: Yes, exactly.
Mrs Westwood: Except that they are part of our group
and they send members to the steering group. Our
scientific adviser is based in Scotland. The devolved
countries use the advice that we give to commission
services nationally for their services as well, so we do
have some genuine consistency.

Q398 Baroness Finlay of LlandaV: Are you buying
into Wales and Scotland as well as Wales and
Scotland buying out?
Mrs Westwood: Yes, absolutely.

Q399 Baroness Finlay of LlandaV: Could I go on to
the main question I wanted to ask you which is really
how the NHS should plan for the new types of genetic
tests coming into clinical practice and as these tests
emerge how the requirement for the test can be
measured and anticipated.
Professor Farndon: At the moment there is no system
of planning because it is about horizon scanning and
seeing what is going to come up. At the moment it is
generally technology-driven, so a new type of genetic

test or a new assay comes along, a group of people in
the NHS take that on, work it up, convince clinicians
that it is worthwhile and if it is a genetic test they will,
with the information, present it to the UKGTN for
the single gene disorders. In the future we cannot see
a mechanism for, say, a combination of SNPs and
where that would fit, whether each individual
cardiologist would be targeted by a laboratory who
was providing this to say “buy it from us” or who
would say you actually need this test. It is clear that
if there were a commercial provider that commercial
provider would oVer it to the NHS and then decisions
would need to be taken about whether the NHS
bought it or not. We cannot identify a mechanism
within the NHS structures that would be able to
commission this on a national level.

Q400 Baroness Finlay of LlandaV: So where should
that sit looking into the future?
Mrs Westwood: Again, I think it goes back to the
question that was asked previously about what sort
of body you have in order to oversee these things. I
think they are linked in terms of the questions and, as
we said, we can play a role in that, but the most
important thing is having the process in order to do
that evaluation once these things emerge. We cannot
predict everything so what we need to have is a
process which deals with them as they emerge which
is rigorous, and I think that is where the benefits come
rather than thinking all the time about what is to
emerge.

Q401 Baroness Finlay of LlandaV: How do you think
we should be planning though for the national and
local tariVs for such tests and the costs of them in
relation to the money that they will then take out of
existing clinical services?
Mrs Westwood: I think that it is one of the policy
tensions because at the moment there is no proper
understanding of the way that genetic services are
commissioned nationally. They are all dealt with
diVerently in the diVerent areas and there is no
structure to that and therefore the tariVs are
inconsistent because everybody is doing it diVerently.
Therefore any reference cost that collected it is always
comparing, apples with pears, and it is not consistent.
This is one of the areas we have been trying to work
very closely with the Department of Health in order
to look at how tariVs can be constructed to see that
we also have value for these new tests as they come
out and to know whether they are aligned with the
specialty, which they are in some cases, or whether
they are aligned with genetics which they can be in
other cases. Bearing in mind that of tests ordered,
some 70 to 80 per cent are ordered directly from
physicians rather than through clinical genetics, it is
a very important issue to sort out.
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Q402 Baroness Finlay of LlandaV: I would like to
follow up on Lord Winston’s question to you earlier
thinking about the health benefits of these tests
because I wonder whether we are putting undue
emphasis on genetics versus environmental and
infective agents in disease and disease development,
particularly because the latter are potentially much
more modifiable and would be aVecting gene
expression whereas looking for the substrate gene is
something that we cannot aVect and we still do not
know what alters expression. I wondered what your
comment is on that. I recognise that you have a vested
interest one way.
Professor Farndon: We only have a vested interest in
making sure that families with single gene disorders
get the services and will continue to get the services.
With regards to the future about how we look at
genomic information, I hope we have given the
impression that we have quite an open mind actually.
The only way that you are going to find out whether
this works is to do it and model it and find out.

Q403 Chairman: I think it is an important point
though, leaving aside, as Lord Winston says, single
gene diseases when we talk about common disease
association with SNPs variations and it pushes up the
risk overall for an individual that has, let us say, five
or six SNP variations from a general risk of, let us say,
1.2 per cent to 1.25 per cent, what does that mean?
Professor Farndon: Absolutely.

Q404 Lord Warner: Could I move us on to
pathology laboratories. The use of genetic tests is
increasing, as we all know, and that is increasing both
in the regional genetic centres and in NHS Pathology
Service laboratories that have not traditionally
specialised in genetic testing. We have heard in
evidence that future pathology services might
usefully be re-organised with a molecular biology lab
acting as the hub of molecular testing, clinical
genetics, cytology, haematology and pathology.
What do you think would be the benefits of
organising pathology services in this way and do you
have any idea what the cost would be and what would
be the desired timescale?
Mrs Westwood: I think there is a bit of a dichotomy
because in terms of the actual testing that is done, it
is the molecular technique that is used in pathology
in the main rather than a genetic test and therefore it
is the technical platform which is important in terms
of its generic usage. I am absolutely clear that there
are eYciencies to be gained by organising things
diVerently. As a commissioner I am faced with this in
terms of how the trusts themselves want to organise
themselves. What I have found is that I have to ensure
that the clinical scientists’ input into the clinical
requirements of genetics is maintained. A pathology
factory can do the high throughput test with much

more eYciency, however, because in genetics
currently the volume of tests is much smaller—
extremely small. It is not high volume and it requires
interpretation by the scientists working with the
clinicians. In terms of organisation I have had to face
these issues working with trusts. There are very few
regional genetic centres, therefore it is essential that
the clinical scientists continue to work alongside the
clinicians.

Q405 Lord Warner: As the number of these tests that
become available in the NHS increases does it
become inevitable that you move to a commissioned
service rather than treating pathology, as you rather
elegantly put it before, as basically an infrastructure
overhead?
Mrs Westwood: With pathology the only thing PCTs
have commissioned traditionally is the direct access
tests from their GPs which are obviously the very
basic tests that are undertaken through pathology.
Genetics is very diVerent and also screening it can be
diVerent. I commission blood spot programmes for
London, because we have three regional laboratories
that are doing those, from my perspective I think it is
really important that we still gain these eYciencies by
critical mass but look very carefully at its
organisation so that we do not lose the clinical
advantages we have currently.

Q406 Lord Warner: I do not know whether
Professor Farndon wants to come in on that.
Professor Farndon: I think we all agree that we need
high throughput sequencing facility for the UK. The
White Paper went some way to making sure that we
had some capacity in the existing genetic services, but
if we move towards SNPs and pharmacogenetics we
are going to have a high throughput sequencing
somewhere and that is what, as far as I can
understand it, these laboratories will do. They will
give you the power to put lots of specimens through.
If you had an algorithm to work out from the results
you got the answer for whether you prescribe this
drug or that drug or this is the relative risk, that
would be fine, but if we were to do this we really need
to make sure that there is still a process in place for
picking up how you work out unusual variants in
genes of high penetrants. The way that is done at the
moment, with excellent clinical results, is making sure
that the clinical scientists work very closely with the
clinician who understands the disease and usually
with a research group as well. If we were to go to this
process and put high throughput sequencing for
single gene disorders in such a unit, we really must
make sure that the research and clinical links are
established otherwise we will degrade the service for
patients.
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Q407 Lord Warner: Does this mean that a lot more
new equipment is going to have to be put in place
in particular areas, or is the new kit that has been
put in likely to be adequate?
Mrs Westwood: The new kit that is currently going
in has not as yet been proven in terms of the higher
throughput sequencing. For the kit we are using at
the moment from the White Paper money (and
considerable investment was put into kit in the
regional centres) it took at least two years to get the
value out of the equipment and it took longer to
install and commission than people thought. In
order to prove that the results that you had were
clinically accurate it took much longer than people
thought.
Professor Farndon: And for some genetic disorders it
is not producing the sequence that is the hold-up.
For instance, we are trying to deal with the backlog
of BRCA1 testing for breast cancer predisposition,
and it has been the interpretation of the results and
whether this variant actually means that it is a
pathogenic variant, and you have to look at what
that does to the protein and sometimes express it in
vitro and other times you may need to follow that
through members of the family to decide. Putting it
in a large laboratory will give us some economies of
scale but we still need to make sure that for certain
genetic disorders these other skills are available.

Q408 Chairman: I thought Lord Warner’s question
was about focusing on laboratory services as
opposed to who orders the genes, so it is the
laboratory side that we are trying to get a grip with,
whether that would be better done by a
centralised hub.
Mrs Westwood: I think we were saying that you
could have a factory environment where you are
doing the laboratory element but because of the
interpretation of those results, the clinical scientists
at the moment have a dual role. It is possible to have
an environment for the high throughput areas but
we still need to assure the interpretation because the
software is not developed to be intelligent; it
requires the person to interpret the results at this
moment in time.
Professor Farndon: So you would have your high
throughput sequencing machines but you would
then need a group of clinical scientists maybe
working in that unit to take the results of some of
those and do much more detailed work on it. If you
put them away from the clinical side and the
research side we fear that that may degrade the
eventual service to the patient.

Q409 Lord Warner: Are you saying that if you want
to get the economies of scale for the kit, if I put it as
crudely as this, you have got to have the interpretive
clinicians near the kit?

Professor Farndon: You have got to have interpretive
clinicians with a group of other scientists who can
take the information and interpret it and maybe do
some more laboratory experiments and techniques
on it. You either put all those together in one place
or you put the kit in one place and then this other
little laboratory somewhere else which is against the
spirit of what you are trying to do.

Q410 Lord Warner: I am not trying to do anything.
I want your professional views on which makes the
most sense clinically and economically; you are
commissioning this stuV?
Mrs Westwood: I am.

Q411 Lord Warner: You have a lot of experience
and we are trying to get a feel for what you, based
on your experience, would see the future as being
with a big surge in the number of genetic tests
Mrs Westwood: I am working with services in
London, reviewing how the pathology services may
be provided in a single organisation, not necessary
across a whole network, but where there maybe over
20 laboratories in a particular organisation. I have
agreed with them, in order to protect and to ensure
equality of service for patients, that the scientists
will have a dual role, one to work in setting up the
technical aspects of the test but then they will
continue to work with clinicians and the academics
in the interpretation of those results to assure the
quality of the service.
Lord Warner: Thank you very much.

Q412 Earl of Northesk: We have heard that
updating of IT systems is required for eYcient
analysis and interpretation of genetic tests, and for
transfer and storage of genomic data. As testing and
use of genetic information within the NHS increases
substantially, what features should be built into
these IT systems to make full use of the information
available from genetic testing?
Mrs Westwood: We have a fundamental problem
with genetics because it is not classified in the NHS.
Therefore if you look at the NHS system for coding
disease, we have not been able to have an
information base about genetics, and that is a major
issue, particularly if we want to have valuable
information around population in a general sense.
Therefore it requires a lot of work. We have been
working very hard in the UKGTN on this network
to work with colleagues both in Europe and in
America in order to get some classification system.
At the moment we have got very limited OPCS,
which is the lowest level coding, and nothing really
in terms of HRG, so we really do not know what is
going on. Of course the diagnostic element is not
coded either. What makes it more complex for
genetics is that the NHS deals with individuals and
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not with families and so that is another issue to be
addressed in the widest sense. We have been working
very hard in numerous organisations since the NHS
has changed its organisational status around IT to
try and resolve that issue and we continue to do so.
What we have done is in conjunction with one of
the reference laboratories which is Manchester. They
took the lead, was to be very helpful in determining
the data requirements to enable these changes to
take place. We continue to work on the data
requirements in order to fit within the NHS
framework, but there is a long way to go.

Q413 Earl of Northesk: How high up your list of
priorities is this particular issue in the scheme of
things?
Mrs Westwood: Yes.

Q414 Earl of Northesk: Very high?
Mrs Westwood: Yes. We summarised in our return
the key issues and this was one of the issues that
needed attention. Again, we are happy to take this
on remembering that the UKGTN does not have an
organisational status, it is purely a network,
influencing and negotiating in a way with no real
organisational responsibility. This it is seen as
helpful because it is independent.

Q415 Baroness Perry of Southwark: We have been
cautioned against the view that genetic tests are seen
as diVerent from tests for other biomarkers—I think
it is known as “genetic exceptionalism”. How
should the provision of information to clinicians,
policymakers and the public be tailored to guard
against that view?
Professor Farndon: We were fortunate in hearing
some of the things that Alastair Kent said earlier
on and we agree there is a great danger in genetic
determinism and we do not subscribe to that. You
will notice that when I explained what we thought
a genetic test was we said that it was between the
analysis and the information that is given and I
think the key to all of this is explaining what you
expect the test to give you. Sometimes it might say
that you should eat less broccoli and other times it
will say “You are going to get Huntington’s Chorea;
I don’t know when but you will if you live long
enough.” I think in talking to patients in the clinic,
they can see the diVerence actually, and there is a
feeling that the NHS is good for important medical
things and people will talk to the NHS when it is
important and maybe treat information about
broccoli and how you detoxify alcohol in a diVerent
way. That is just a feeling we get through asking
patients in a clinic about how they see these diVerent

kinds of things. I think this is all about the
information that the providers of tests give to
people. I am not sure that legislation about over-
the-counter testing or legislation about genetic
testing would solve the problem because the Internet
is out there and people can just buy results from all
over the world. What I think is a three-step process,
first of all, before people send their sample oV they
need to have consented and realised to what they
are consenting; the second is it must be clear that
there is a quality control laboratory; and, thirdly, an
explanation of what this information actually
means. This goes again to relative and absolute
risks.

Q416 Baroness Perry of Southwark: So you would
go for the California ban really?
Professor Farndon: No, I do not think I would go for
an outright ban.

Q417 Baroness Perry of Southwark: It is not an
outright ban, it is based on those conditions that
you have just described, that it has to come from a
registered, accredited laboratory and there has to be
interpretation by a qualified medical practitioner.
Professor Farndon: I share some of Alastair’s
concerns that if you ban it outright --- should you
ban people finding out if they are going to react to
broccoli? Some people argue and some of the
patients have argued with us at UKGTN that it is
their right to know that information and “why are
you so paternalistic as to not let us?” so I think we
have taken the view that the laboratory assay is the
same in looking at the sequence of DNA but what
you do with the information is diVerent, so therefore
the single gene disorders are regulated under the
NHS and who pays for them. I would have thought
a code of conduct would suYce but the most
important thing is the eVect that the Advertising
Standards Agency could have.
Chairman: I thought the Californian law is that you
can have your gene identified and sequenced but the
interpretation of it, what advice that you should
follow should come from a medically qualified
person. That is what the Californian law says.
Baroness Perry of Southwark: And an accredited
lab.

Q418 Chairman: You do not agree with that?
Professor Farndon: I am not sure about that.

Q419 Lord Colwyn: I think your evidence this
morning and certainly your very helpful papers have
stressed the uniqueness of the UKGTN network and
the gene dossiers for the new genetic test being
proposed for NHS services. Are there diVerences
between recommendations for genetic testing
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carried out in NHS laboratories and in the private
sector which I think earlier Alastair Kent said is in
a state of confusion at the moment. Could you say
how these should be best managed.
Mrs Westwood: We have a facility within the
UKGTN for any technical provider, ie not with the
full clinical service, to provide the test so they can
apply to the UKGTN. We have had a technical
provider, so if they wish to work with us they can,
and normally they are working with a genetic service
to provide that test because of the particular
expertise or skills that they have or equipment that
they might have in order to provide it. We certainly
do not exclude other providers supporting the work
that we do, but we do ask them to have standards
so that we are assured of the quality. We do not ask
them to have a recognised quality standard and that

has not been a problem for the provider that wanted
to apply.

Q420 Lord Colwyn: Standards are monitored, are
they?
Mrs Westwood: Yes.
Professor Farndon: As far as UKGTN was
concerned, we took the view that it did not matter
who provided the assay as long as it was
scientifically valid.
Chairman: If members do not have any more
questions, thank you very much both of you for
your contributions today; it has been very helpful.
Can I say that if on reflection you feel you could
supply some more information related to the
questions today, feel free to write to us; we would
welcome that. Thank you very much indeed.
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O’Neill of Bengarve, L Winston, L

Memorandum by Professor Sir John Bell

I think it is very timely that the House of Lords should be considering this extremely important topic because
the pace of chance in genetics and genomics as it relates to human common disease has been extraordinary over
the past two years. There is no question that genetic and genomic information could substantially influence the
way healthcare is practiced and I believe the UK and the NHS need to be prepared to introduce these
innovations in an eVective and eYcient way. There is already a host of DNA or RNA based tests which are
proving to be important in the management of a range of diseases. DNA sequencing is becoming an
increasingly powerful tool for identifying individuals at risk of major single gene disorders. These tools, along
with transcript profiling and microarray analysis, will be capable of influencing the diagnosis and treatment
of most of the common disorders managed today in the clinic. New methodology for DNA based papilloma
virus screening could replace PAP smears very rapidly. I would like to focus my comments on two issues: the
organisation of molecular pathology and genetic services within the NHS, and the management of a structure
for evaluating their utility and regulating their introduction into practice.

Pathology and laboratory services in NHS hospitals are severely fragmented and there is a serious risk that
introduction of a range of new technology platforms will lead to further duplication in multiple diVerent
laboratory settings. Many of the technologies necessary for moving pathology into a new era are the same as
those that would be used in clinical genetics laboratories and will also have applicability to both microbiology
and haematology. There is an urgent need therefore to rationalise the management of these, either at an NHS
Trust level or through large regional laboratories. These tools need careful technical support, bioinformatics
and quality control and it seems unlikely that these can be developed in multiple sites within a hospital without
undue costs. I think the coalescence of these platforms within a single clinical service structure is imperative
to ensure that there is a coherent approach to these methodologies within the NHS. We have achieved this in
Oxford using the Clinical Research agenda to drive integration of laboratory’ services. It should be replicated
elsewhere.

Equally important is the mechanism for evaluating the clinical utility of these tests before they are introduced.
It has not been customary in the past to evaluate the utility of diagnostic tests but rather to simply evaluate
the accuracy of measurement of a particular analyte. This will no longer be suYcient for regulation. It will also
not be possible to easily obtain clinical utility data as the pricing structure of the diagnostics does not make
such large evaluation studies economically viable. Another diYcult issue is that the information on a given
chip or device is likely to change iteratively as we go forward and, as a result, a regulatory structure which
identifies a pattern genetic variants relevant to a disease cannot be regulated in the conventional way. We need
a new approach for regulation of these diagnostics. It is unlikely that the heavy-handed approach used by the
FDA is going to be appropriate for diagnostics in Europe. In the USA, by the time a diagnostic or platform
finally achieves approval—up to two years later—it will already have been altered to include additional
information that adds further value and the approval process must be re-entered. This has largely prevented
tools from entering the market place in a timely fashion and is also extraordinarily expensive. We need to
identify a new agency that can handle the clinical utility evaluation of diagnostics using methodology fit for
this purpose including both randomised clinical trials and cohort type approaches. This could act as the gate-
keeper for the NHS. One alternative would be to utilise NICE for this purpose, but much of the methodology
that needs to be used for clinical utility testing is diVerent from the conventional approaches for therapeutics
and a distinct structure is preferable. A specific HTA programme for diagnostics is essential as the questions
addressing problems associated with diagnostics are very diVerent from those associated with therapeutics.
Such a programme would provide information both for the regulatory decision as to whether or not to license
such technologies in the NHS and, ultimately, could be used for more widespread approvals internationally.
It might even be possible to do business with the diagnostics industry by providing them with an ideal platform
for evaluating their diagnostics within the NHS, to share the risks and the costs of this process and to ensure
a substantial cost reduction to the NHS if these products were marketed globally.
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These are diYcult and challenging questions, but I believe the sub-committee you are chairing will need to look
at both of these problems carefully as they will be important in determining the success of introducing these
innovative technologies in the NHS in the near future.

I hope these comments are helpful.

17 April 2008

Examination of Witnesses

Witnesses: Professor Sir John Bell, Chair of the Office for Strategic Coordination of Health Research
(OSCHR), President of the Academy of Medical Sciences and Regius Professor of Medicine at Oxford
University, and Professor Sir Alex Markham, Professor of Medicine at the University of Leeds (Leeds
Institute of Molecular Medicine), Chair of the Office for Strategic Coordination of Health Research (OSCHR)
Translation Medicine Board, and Chair of NHS Connecting for Health’s Research Capability Programme,

examined.

Q421 Chairman: Could I welcome you both first of
all, Sir John and Sir Alex, and thank you very much
for making time to come and see us. We regard this
session as really very important; please feel free apart
from the questions to comment on any other issues
that you may wish. Can I also welcome the public at
the back; you will find information relating to the
interests of the Members, please help yourself. We are
webcast so we have to keep private conversations to
the minimum or as quiet as we can, but the best is to
avoid it. I will invite you to make any initial
comments that you have, either of you, but the first
time you speak it would be helpful for the record if
you would introduce yourselves and, if you do wish
to mention whom you represent, that is fine.
Professor Sir John Bell: Thank you very much, My
Lord Chairman. I am Sir John Bell and I guess I hold
three jobs that are relevant to this: one is the Regius
Professor of Medicine in Oxford, with a background
in genetics, particularly in immunological disease, the
second is the President of the Academy of Medical
Sciences and the third is the Chairman of OSCHR.
Alex, why do you not introduce yourself?
Professor Sir Alex Markham: I am Alex Markham, I
am the Chairman of the OSCHR Translational
Medicine Board, I am also the senior responsible
owner of a programme in the NHS Connecting for
Health activity called the Research Capability
Programme, and my day job is that I am the
Professor of Medicine in the University of Leeds.

Q422 Chairman: Thank you very much. Does either
of you have any opening comments you want to
make?
Professor Sir John Bell: I just wanted to start by saying
that this particular inquiry is extremely timely
because we are at one of those inflection points that
you get in medicine every so often where there are
very significant opportunities to apply this
methodology in a patient setting and having a clear
strategic view about how one would go about that at
this moment in time I think is very timely, so I must
say I welcome the inquiry.

Q423 Chairman: Sir Alex, do you have anything to
add?
Professor Sir Alex Markham: I would only echo what
Sir John has to say but I would also perhaps add a
word that modesty prevents him saying himself
which is that this inquiry takes place against a
backdrop of one or two years of successful work in
changing the landscape in the UK in the way that we
do manage significant change in medical research.
OSCHR has had a very successful first year or so of
activity. Some of the issues that you have already had
brought to your attention about the challenges in
genomic medicine, particularly things like
informatics and the way that new discoveries are
pulled through in the so-called translational setting
to be applied for patient benefit. There is an awful lot
of work being done in those areas and it would be
good to reassure your Committee that that activity is
already taking place. You can have a good look-see at
what has been achieved so far that might be of
relevance to your deliberations.

Q424 Chairman: Thank you very much. That
actually leads into two questions that I have. One is
probably more directed to you, Sir John, and the
other one is probably more directed to you, Sir Alex,
but feel free to comment, both of you, on both
questions. The first one to you, Sir John, is we have
had a lot of evidence now about the way the science
of genetics and genomics is going, particularly in
relation to common diseases, and although the
progress of science is extraordinarily rapid there is
some concern as to how much of this is going to
translate into healthcare, particularly the
understanding of common diseases. What is the
evidence that these advances are important and
where do you expect these advances to lead us and in
what timescale, particularly the use of these tests in
understanding and identifying common diseases.
Professor Sir John Bell: I suppose I should say that I
am on record in a paper I published in the British
Medical Journal in the mid Nineties saying that the
timeframe would be five years. That timeframe
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lapsed about three years ago, so I am on record of
getting the timeframe wrong once before—that is a
health warning. There have been really dramatic
changes in the pace at which the discovery process in
this arena has developed, particularly in the last
couple of years. We cannot really do anything unless
the discovery activity is delivered. You will have
heard the information about large whole genome
association studies, the abundance of new genetic
variants but also the discovery of new technologies
that make this much easier to apply in a more routine
setting that generate more specific and more
substantial data that could be available to us. In my
view, therefore, there is likely to be an incremental
growth of its use in common complex traits, but it will
not all happen overnight. You have to diVerentiate
the use of these tools for prediction of asymptomatic
people early in life, perhaps at birth, which I think
may happen but is not going to happen in the short
term. There are a whole set of things you have to put
into place for that to work, and separate those from
some of the applications of genomic technology
which can be applied in an active clinical setting,
which would involve stratification of patient
populations, identifying responders and non-
responders to particular types of therapy, monitoring
therapies and genetic tools. All those things are likely
to happen in a very short timeframe, particularly as
the incentive to do it is enormous and I think there
will be a huge amount of eVort to try and make that
deliver in a relatively short timeframe. If you want me
to put a number on it, certainly within five years there
is going to be a lot of activity in this arena using
genomic technologies, broadly defined, for common
disease.

Q425 Chairman: Are we investing enough in the big
science related to genomics to make this happen?
Professor Sir John Bell: How much is enough and of
course scientists could always claim they could
always use twice the budget, but the truth is the UK
is really, really competitive in international terms. In
fact, you might argue that we are now entering an era
where we are actually right out in front so if you look
at the output of large case control studies there is no
doubt that the best data and the most data came out
of the UK studies. If you look at studies like the UK
Biobank project, which is essentially a large genetic
project in common disease, everybody else in the
world would die to have a project as good as that. So
when it comes to applying genetic technologies in a
setting where you have well-characterised patient
populations, and people who are willing to
participate in research in very large numbers, the UK
is uniquely positioned. Of course I would say we need
more money, my job is to say we need more money,
but the truth is we are doing really well in the basic
sciences.

Q426 Lord Taverne: You are optimistic about this.
We have had some more pessimistic views about the
short term benefits we are likely to see, really based on
two propositions, that either the extra risk in the case
of common diseases that you discover is relatively
small—it might be a 30 per cent increase but from a
very small base—or else in cases where there was a
cumulative build-up of risks the actual cohorts
aVected were very small so that the prospect of early
benefits were really not all that great.
Professor Sir John Bell: Let me just go back to a
comment I made earlier, and that is I think if you
focus your attention on the snips associated that have
emerged from whole genome association studies and
you say that is genomic medicine, then you would be
very badly wrong. That may be genomic medicine but
there is a whole set of other tools that are having an
impact today. You will have heard about the
comparative genome hybridisation arrays—CGH
arrays—which are now systematically being applied
to a whole range of disorders in clinical genetics
laboratories, including all the major leukaemias,
many of the common cancers and a number of
developmental disorders. It is not being applied to
diabetes but it is being applied to a whole range of
other diseases and those things are starting to happen
in clinical practice, and it will completely replace the
whole area of cytogentics which has historically been
a big activity in the NHS. That has gone because no
one would sit at a microscope and look for
translocations, deletions, and duplications when you
have the other tools that allow you to do that much
more systematically. So there are really good
examples of how those things are already impacting.
The whole issue of stratification might relate to the
snips that are emerging from whole genome
association but it might not, you may not need those
because a lot of it can be generated from direct
sequence data, from transcript profiling data, from
all the other tools that are available to this field. I
think, therefore, that the concern about predictive
testing and the relevance of the whole genome
association data from predictive testing is fair. We do
not yet know what that will do if you add up all those
very small risks, what it will do in a population to
identify people and what you would do if you had
that information anyway. That is why I said that
predictive testing in asymptomatic people is actually,
in my view, the last thing that is likely to play but all
the other things are beginning to play now and are
likely to continue to play actively, so I guess it really
depends on where on the landscape you want to place
your bets.

Q427 Chairman: Have you got enough facilities for
C-fast sequencing?
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Professor Sir John Bell: As you will have been told, the
revolution of the last two or three years has been the
new generation to sequencing and it is truly
revolutionary because the capability of the new
machines is allowing geneticists to generate data—
interesting sequence data—at a rate and in diVerent
dimensions that we never dreamed we would be able
to do. At the moment there are three common
platforms that people are using and some are better
for clinical diagnostic use than others but, for
example, in Oxford we have just installed two 454
machines with the intent of using them in a purely
translational mode to actually facilitate clinical
diagnostics of all kinds. One of the crucial issues is
that you can talk about all kinds of surrogates of
information which is genetic information that you
might like to have. This would include snip variation,
transfer profiling variations, and all kinds of
intermediate measures from which you infer a
particular outcome. The truth is the ultimate sort of
data that you can generate is sequence data. If you
can get sequence data, the chances are you may not
need any of the rest of it, so the ability to generate
large amounts of sequence data becomes very central.
Let me also warn you that this is the first of several
waves of new sequencing technology and I am
familiar with at least one other platform which is a
UK-based platform which will be capable within five
years of generating, for around $1,000, a whole
genome of an individual in a very short timeframe.
That is the next wave of technology. One has to be
conscious of the fact that we are going to be at the
receiving end of almost unlimited amounts of genetic
information and the real questions are what useful
information can be gleaned from the basic data and
is it useful in a clinical setting, does it have clinical
utility. That is a big hurdle and one which we have not
been very well-positioned to address up to now, I
have to say. Secondly, what is the best structure to
generate that data? Is it better just to sequence
everybody at the beginning and have them carry it
around on a chip, or is it better to do it disease by
disease? Is it better to do it in regional labs? Is it better
to do it in local labs? There is a whole cascade of
issues that emerge once you have the evidence of
clinical utility.

Q428 Chairman: Alex, do you have any comments?
Professor Sir Alex Markham: Maybe it would be
helpful if I went to other end of the spectrum here and
in anticipation of a cascade of development, both
technological and scientific, do we have any
structures in place that are thinking about how we
might handle this? In the cancer world we have been
working along these lines since about 2004. There is
a thing called the National Cancer Research Institute
Informatics Initiative with all of the funders,
including the industrial sector, looking at how we will

pull together this massive cascade of data as it
emerges, anticipating that it will probably be several
orders of magnitude bigger than we envisage today,
and also issues like how we integrate it with the USA
and other parts of the world. There is some very solid
thinking that has gone into that and has all the major
research funders engaged in it which gives me a level
of confidence that we can deal with the sorts of
challenges that John is throwing up for us. The other
piece of work again in the cancer arena is that for the
first time we are now looking at the data that is
collected in cancer registries; that has been a
statutory requirement since 1960 and we have
wonderful data on everyone who has had cancer in
Britain since that time—nobody has ever looked at
the data. This work was the source of the news items
of two or three weeks ago, highlighting the diVerence
in death rates in the north of England from lung
cancer versus the south of England, and it is really a
bit scandalous that that sort of thinking and
information was not looked for from the public eye.
The cancer world is therefore doing a lot of thinking
about this and always the UK Clinical Research
Collaboration activity builds on that kind of
pioneering work in the cancer sector. All of the eVorts
that are now going in through OSCHR, through its e-
Health Board, and through the Department of
Health through the Connecting for Health process
with this new programme called the Research
Capability Programme, are all about setting up the
systems that will enable us to handle this tidal wave
of information under the right limitations of good
governance. It is to ensure all of those vital
components of this game, and that patient
confidentiality is maintained, that this is not on the
front page of the newspapers on a daily basis when
data is lost. That challenge therefore is equally as
important as the technical side.

Q429 Chairman: In your role with Connecting for
Health do you think the NHS has got the capacity to
do that, particularly about confidentiality of patient
information?
Professor Sir Alex Markham: If we do not then I guess
it will be my fault. The problem with the
confidentiality landscape, as you will know from
many reports, both from this week with the Walport
and Thomas report on data sharing, back through
reports of the Academy of Medical Sciences, the
reports pile high but the solutions are a bit more
elusive. We have so many bodies that see themselves
as the ultimate guardian of the patient’s best interests
that it is actually quite diYcult to pick your way
through the landscape. You can name the
Information Commissioner, the National
Information Governance Board, the Patient
Information Advisory Group, the General Medical
Council, the British Medical Association—all of
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these bodies consider that they have something
fundamental to say about that issue. It might not
have escaped your Lordships’ notice that actually
none of those organisations actually can claim to be
the last port of call. One of the biggest workloads for
me is at the moment working very hard with all of
those bodies to very simply say “I am not here to do
something cavalier with the patient information”,
but there is nothing more unethical than preventing
ethical medical research taking place, and some of
your bodies ought to give that just a little more weight
in their deliberations. There is a real challenge there
and I do not under-estimate it for a moment.

Q430 Baroness O’Neill of Bengarve: I want to put in
a very quick supplementary which is just this, who is
the last port of call on the model we have put
ourselves in on the protection of personal data, could
it be Parliament and the particular character of the
Data Protection Act 1998?
Professor Sir Alex Markham: I think it is that and,
obviously, the owner of patient records is actually I
believe—Lord Warner will correct me if I am
wrong—the Secretary of State for Health. There is a
mechanism, therefore, but I am not sure if this
personal view is correct. A lot of structures have come
into existence as a result of scandals like Alder Hey,
like Bristol, like the Shipman fiasco and they do not
fit together coherently. They were all done with best
endeavours, with absolutely the right desire to
preserve patient confidentiality and hold the medical
profession to account, but the result is a very
fragmented landscape that somehow we need to pick
our way through and I do not pretend to have a
complete solution to that. We are going down a route
of primarily using anonymised data and of building
robust systems to use pseudonomised data, i.e. to
remove all identifiers from public clinical records.
There are going to be some cases, particularly in the
genetics arena, where it will be important to be able to
go back to a patient who is found to have a previously
unanticipated problem. That whole question of how
do you get consent for consent to approach
somebody who does not know they have a problem
at the moment is very diYcult.

Q431 Lord Warner: Sir Alex, could I just try and get
something clear because it is a very complicated but
very significant area. Of what I would call two of the
“pillars” on which we have operated so far, pillar one
has been that the use of any material which has

human cells in it is actually something on which you
need to consult and require, in most cases, the
approval of the patient from which those cells are
extracted. That is underpinned by the legal
interpretations that have been made of the European
Convention on Human Rights as enshrined in the
Human Rights Act in this country; that has been the
first pillar. The second pillar has been that for
research purposes you need consent but you reassure
people by giving some assurances about anonymity
in the way it is used. Are you saying that those pillars
which have underpinned most of the way we have
acted over recent decades—they have been more
refined but they have been the basic principles—are a
problem or are you saying that the mechanisms
which have been used to interpret those principles
have got into a mess and it is the mechanism that you
need to get right, not the principles themselves?
Professor Sir Alex Markham: Absolutely the latter, the
principles are fine but the mechanisms have got bent
out of shape. Maybe that is a personal view but I
think a lot of people will share that. I think as a
consequence of the level of confusion instead of
taking, based on those two fundamental pillars, a
clear message to the public which says you may be
interested to participate in this—I will give you an
example if I may, just jumping aside slightly. The
experience with UK Biobank was that there was an
enormous debate as to whether it was ethical to write
to individuals, uninvited, and ask them whether they
would consider participating. The question was
could you go to general practice records, which are
actually very accessible electronically? It is not
something the public really realises, just how
accessible GP records are—in the most ethical ways.
Could you write to people and say there is a
programme going on and we are trying to recruit
500,000 people to do this thing, and most people we
think would think that is a good thing to do. There
was a huge debate as to whether you could get
consent for consent in that way, a huge debate, and it
was touch and go actually whether that whole
Biobank programme crashed and burned or whether
it could go ahead at all. Eventually, I believe that the
Director-General of Research and Development was
the signatory of those letters to individuals and the
result of that exercise was that of every 2,500 people
who were approached, one said “I don’t want my
personal records used in this way” but 200,499
basically said “Fine, how could I possibly object to
this.” That is where we are at with the interpretation.
The principles are pretty solid, but I think most of the
community involved in making these decisions is in a
defensive mindset. They do not realise what I see in
the clinic every day, which is when I ask patients
questions like this and say “Look, I cannot ask you
to be in a trial because in a way that smacks of
coercion, you had better go away and think.” They
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say, “Doc, what is the matter with you, you have been
looking after me for a fortnight.”

Q432 Baroness O’Neill of Bengarve: In some ways
this question has already been answered, which is the
question about the clinical utility of a lot of these
exciting new scientific discoveries. We have been
hearing from witnesses already that there is not very
much evidence yet that the new genome profiling tests
have useful healthcare applications. We have also
heard evidence of data in recent publications—for
example on screening for breast cancer susceptibility
genes—suggesting that the new tests might be used
for stratifying the population for breast cancer
screening. Where do you think we are on the clinical
utility of these advances?
Professor Sir John Bell: I think you are seeing just the
front edge of what will be quite a significant wave of
activity to try to demonstrate clinical utility. I think
the sceptics—who I have to say were sceptics 15 years
ago when I wrote the article, they are the same guys—
will believe that genetics is really only applicable in
diseases where the penetration is 100 per cent. It is
clearly applicable there and nobody disputes it, it is
fine, you can have a little cottage industry that does
that stuV—you know, it is okay, it is not going to have
huge eVects on the health service but it will help some
patients and that is a good thing. The real question is
whether these tools—and I am defining genetics very
broadly here—will have an application across a much
broader swathe of what we are doing in clinical
practice. The suggestion that the data that comes out
of the whole genome association data, with relatively
small but robust odds ratios, can be used to stratify
patients in breast cancer screening is an interesting
idea but we will need to see the data, so I am the first
to say show me the clinical utility, it will be important.
There is already data which is being generated—and
we will see the data within a few months—of
transcript profiling to separate women with breast
cancer into high and low risks groups in a way that
you cannot do with other technologies. It may allow
some women who would have been exposed to
chemotherapy to be able to avoid chemotherapy, and
other women with bad prognosis disease who would
not have been treated aggressively to be treated
aggressively. Those might be—and I say might
because the clinical utility data is not fully
complete—in light of the early data a very strong
marker and we do know that the starting point is that
the way we practise medicine is incredibly ineYcient.
Only 30 per cent of the people we expose to a new
medication respond to the medication, so how does
that work; 70 per cent of people are not getting any
benefit and yet we cannot identify those 70 per cent
when we screen. The whole process of breast cancer
screening is unbelievably ineYcient—that is not to
say we do not support it, it is a good thing to do, but

it is really ineYcient. Another very good example,
which is much more tangible now is cervical cancer
screening. Cervical cancer screening has gone for
years with cytologists looking at pap smears down
microscopes, with about a 50 per cent sensitivity. Jack
Cusack has done some nice work to show that
actually the sensitivity is about 50 per cent so you
identify the problem about 50 per cent of the time. By
using genetic tools to look for papilloma virus and
the two strains which are oncogenic, which are 16 and
18, you can rapidly get to a position where (a) you
might be able to eliminate the pap smear altogether,
which would be a significant benefit, but you also get
up to a sensitivity which is nearer 90 per cent, and it
is easier and it is more eYcient and you do not have
all the errors you get in cytology labs and you are not
running around chasing what is actually a rather
ineYcient procedure. That is here today, in fact the
labs will be doing it today, but it has not been rolled
out on a national screening programme anywhere,
but it seems to me inevitable that it is going to
happen. I go from caution, therefore—I think
justified caution—about predicting how much early
prediction you can do to the absolute confidence that
some of this will have a big impact on the way we
practise a whole variety of bits of medicine. Let me
just remind you also—because I think this is a really
crucial thing—that the pharmaceutical industry has
never really been very interested in stratifying patient
populations, because if you can sell a drug to a big
population, why would you want to sell it to a small
population—in very simple terms that is correct. But
the pharmaceutical industry is also realising that it is
actually quite diYcult in the modern world to
discover new innovative medicines that have a very
high eYcacy signal, which in other words actually
have a beneficial impact on 50, 60, 70 per cent of the
people who receive it. They can only get from where
they are now to where they need to be by stratifying
the patient populations. They are not going to be able
to stratify it by asking who eats cornflakes in the
morning, it is going to have to be something robust
and it is going to have to be genetic tools, there is
nothing else that will get them there. We already have
a hint in Alex’s game where a drug which was
developed by AstraZeneca called Iressa. It showed
promising results in phase two, failed in phase three
because there was a subset of the population that had
a genetic variation in the target, the EGF receptor,
who were highly responsive to the drug, but the
people who did not have that genetic variation were
non-responsive. That information is make or break
for a new agent, so my view is that there will be
enormous pressure to use this in those kinds of
settings and they may not be the early prediction of
common disease which is, I accept, a goal eventually
of this technology but not proved. It will be in a whole
host of ways that we use these in the clinic in common
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everyday diseases and it will, I think, encroach on
almost every aspect of medicine.

Q433 Baroness Finlay of LlandaV: I wonder if I
might just follow-up on the comments about
pharmacogenetic data initially and ask you how soon
you think some of these tests are actually going to
become available in clinical practice and be rolled
out. I am asking you to crystal ball gaze again.
Professor Sir John Bell: There are two types of tests,
one type is prevention of adverse eVects which largely
tests around metabolic function to try and make sure
people are on the right dose and also by trying to
identify the idiopathic adverse eVects that you get
with some drugs. We are starting to fill that story in
rather more eVectively. We know quite a bit about
drug metabolism now. We know about variations in
the P450 cascade. There are available tests in that
arena already that I have to say are not widely used,
again for the clinical utility problem. Nobody can
jump that hurdle, and in terms of idiopathic adverse
eVects the group in Oxford led by Rory Collins, who
has done probably more work on statins than
anyone, has done a beautiful piece of work which I
believe is now in press. The big adverse eVect from
statins is a myopathy that can sometimes be fatal,
and given that in this country it looks like we are
going to put everybody on statins over the age of 50
it would be kind of nice to know if you are going to
drop over. It turns out that there is one gene that is
responsible for that. They know what it is and they
know what the variant is; it is a transporter gene that
actually pumps the statins out of the muscle cells and
when it has got a mutation in it, you do not pump the
statins out and you get a myopathy and then you die.
Okay, it is rare but were it cheap would we want to
know that information before we prescribed the
statin? I think a clinician would want to know that,
so a lot of this has got to do with how do you get the
clinical utility. Then how do you get it out there and
used in an eYcient way, because the last thing a GP
wants to do is to decide somebody needs to go on a
statin and then wait a month to get a result of a test
that he cannot interpret anyway. It has to be clean
and tidy and easy for practitioners to actually access
information that gives them good decision-making
tools on a clinical pathway. It seems to me that that
piece will come together but there is a series of hurdles
around the clinical utility and implementation of the
information once you actually have it.

Q434 Baroness Finlay of LlandaV: What about cost?
You have not alluded to cost at all.
Professor Sir John Bell: The cost-eVectiveness of
screening everybody for a statin variant when such a
small percentage of people have problems will be
pretty suspect. I have never done the analysis, but you
can imagine what it would look like. Rory I guess had

150 patients—he looked at 40,000 in trials so that is
roughly what you see. In my view the best way to do
this will be to bundle it; the great thing about genetics
is you can get the answers to all the questions in one
test because you answer all the questions on one chip
or you answer all the questions on one genome
sequence, and then you extract the information you
need out of that. If you say there are about 100 things
that would be interesting to know, that would be
useful in clinical practice, and for 1,000 bucks we
could sequence the genome and stick it on a chip and
extract the information, then the cost-eVectiveness
starts to change quite dramatically because basically
you are bundling all the information a person might
need in their entire lifetime in a single test.

Q435 Baroness Finlay of LlandaV: If we look at the
possibility of getting genomic data versus the
possibility of having gene expression data, then of
those types of tests which do you think is the most
mature and which do you think is likely to come into
clinical practice soon?
Professor Sir John Bell: The one that is most mature is
the gene expression data platforms and that is
because they launched early in this guy’s business in
cancer. There is now a very substantial amount of
data and there are a lot of clinical utility studies that
are almost ready to report—in fact FDA has actually
approved a test for breast cancer based on clinical
utility data, so that is mature. I do not think you need
to assume that because it is mature that will be the
definitive way to approach this because it may well be
that you can infer almost all that genetic expression
data from what is present in the germ line. We know
that there is an expression, QTLs, which relate
expression levels to genetic variations in DNA—
germ line genetic variations are well known in all
diseases. In fact, it may well be that the definitive data
will come from the DNA and not from the RNA but
in the interim it is clear that RNA data is providing
people with some rather interesting clinical signals.

Q436 Baroness Finlay of LlandaV: Do you think that
DNA data though is always going to need to be
backed up by gene expression data?
Professor Sir John Bell: No. Do not forget there is
both the germ line data and in cancers there is the
somatic data. One of the reasons you get these
strange expression profiles in cancer is because you
have all these somatic mutations and duplications of
lesions and bits and pieces and new variants, so being
able to generate that from the tumour itself is actually
quite powerful.

Q437 Baroness Finlay of LlandaV: Do you think that
that type of information will be coming out of
depositaries such as tumour banks or do you think it
will all be coming from patient direct data?
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Professor Sir John Bell: Alex, I will pass that one over
to you.
Professor Sir Alex Markham: Some of it will be
coming from tumour banks most definitely, and we
already have cancer genome projects in the UK and
your Lordships have been to see the US equivalent,
so there is huge ambition for that. I have to say that
so far their output has been a bit disappointing. You
are not finding consistent changes across similar
groups of tumours when you start looking for
consistent themes, but it will come, so we need
tumour banks—and we have those now in the UK—
and a lot of work will be done with individual patient
samples still, which of course is all that tumour banks
are. I think there will be interesting things in
pharmacogenetics; some of the stuV that is out there
and in process right now are things like testing for
malignant hypothermia, people who respond badly
to general anaesthetics. We have a big programme
looking at polymorphisms for people’s metabolism
of Azathrioprine which we still use quite heavily in
rheumatoid arthritis. There is an awful lot of
pharmacogenetics going on in the management of
epilepsy because there are paradoxical responses to
some of the most eVective new drugs there, and of
course quite a bit of pharmacogenomics in people
with HIV, some of whom have paradoxical side
eVects to some of the better agents there. There is a lot
coming, therefore, and in terms of how do you look
at value for money and aVordability, I think that the
NICE process can be applied to this, there is no
reason why not. It is much maligned but I think
NICE does a very, very valuable job for us in
reminding us that there are always other things to
spend your money on.

Q438 Lord Taverne: In the light of what Sir John
says about the value of a single comprehensive test, if
it could be done at a reasonable cost would you see
ultimately that every newborn baby would be
subjected to tests, as I understand is being envisaged
in the United States?
Professor Sir John Bell: I think there is an ethical
discussion you have got to have before you start
testing newborn babies. The idea is that at some stage
during life—the genetic data, until you get a cancer
where you have got somatic variations where you
have to do it again, the underlying germ line genetic
data is basically stable so you can do it at any stage
in life. That will give you a set of information that
might be varyingly useful at diVerent stages—if you
went on this drug you would look at that variant, if
you go on that drug you need that variant, you have
got a disease but what sub-type of disease and you
would look at the variants that might drive that. My
suspicion is that that would be a very eYcient way to
do it and one can now see for the first time how you
might do that in the relatively near future.

Q439 Baroness Finlay of LlandaV: Should we be
requiring pharmacogenetic tests in order to optimise
eYcacy and reduce side eVects in terms of drug
development, should that be a criteria for licensing?
Professor Sir John Bell: My view is that you are using
the market rather eVectively to actually make sure
that that happens, because the truth is the NICE
process says if you do not give us a decent signal in
eYcacy then we are not going to buy the drug, and
one of the only ways to get that signal up would be to
start to look at sub-populations. Can I just add
something which I think is really important? That is
that the one thing we do not do, and we have not
done, is that we have not incentivised pharmaceutical
companies post-registration to find the subset of
people in which they are getting a big signal, so
provided they got their ticket, and a lot of drugs of
course just get their ticket, so they are there and they
are selling it across the piece based on a number of
qualities, what you would really like to do is to get
those guys to keep working, to say actually guess
what, we have found the 30 per cent of patients with
pancreatic cancer in whom you get all the beneficial
results. If they did that I would put to you it would
not be unreasonable to allow the price of the drug to
go up for those patients to absorb the full quality
benefit that is consolidated in the 30 per cent of the
population. We do not do that so I think there are
some interesting questions about how you can
further incentivise industry to do this more
aggressively in the post-registration model. Pre-
registration I think you have got them actually
because the NICE thing does it for you.

Q440 Lord Winston: How important do you think
are the epigenetic and environmental factors in
healthcare and healthcare-related research,
compared to knowledge of the genome? We tend to
think in terms of genes in the environment but we
forget, for example, the development.
Professor Sir John Bell: The epigenetic story is
fantastic. It is about 10 years behind where we are
with conventional germ line variations, but again the
new tools, particularly the new genetic sequencing
tools, are really providing a fantastic window on
epigenetic modifications in a way that you can
systematically screen them around genome, and you
can do it pretty eYciently. I think we are soon going
to get maps about where genetic modifications are
and how that changes, potentially how that changes
in development and certainly how it changes in
diVerent types of common disease and what you
might do about that because there is an interesting
question whether by modifying some of those
epigenetic changes you cannot actually have
therapeutic opportunities as well. My view is that it is
very important but we are not yet at the discovery
stage where we actually know how it will apply. We
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know, for example, the Barker view about metabolic
disease, that almost certainly it comes from some
intrauterine event that actually sets programmes.
Because the germ line stays the same we know it is not
that so it has to be epigenetic; the real question is
exactly how does that work. We know in a variety of
other settings that epigenetic modifications are
important, there is great work in animal models
showing that rats who suckle infants, those progeny
get really profound epigenetic modifications and may
go on to have quite a diVerent behavioural
phenotype. It would be easy to under-estimate the
impact of the epigenetic piece but it is also fair to say
it is early.

Q441 Lord Winston: It is not only behavioural of
course it is things like diabetes as well.
Professor Sir John Bell: That is right, and
hypertension. The whole intrauterine environment
story rests around epigenetic changes that dictate
your likelihood of developing those phenotypes that
we find.

Q442 Lord Winston: I know we keep on asking you
to push out the predictive boat but how do you think
these could be and how soon could they be related to
healthcare? Alex, do you have a view on that?
Professor Sir Alex Markham: We may learn quite a bit
from looking carefully at what happens to the first
generations of agents that work epigenetically in
cancer. Clearly, there are the H-stack inhibitors and a
whole raft of therapeutic approaches that are
targeted at the fact that in some malignant disease the
change is all epigenetic. My take on that work is that
there are some of them in mid-phase development,
phase two, and I guess there are one or two now in
phase three, and what I think we might learn from
looking carefully at those patients, should they have
a profound eVect on the cancers, is whether they go
on to have peculiar, unanticipated side eVects
potentially several years down the track. So if one
extrapolates from the baby in utero to the
development of type 2 diabetes, I guess epigenetic
modifiers used as treatments for cancer might start to
turn up some unexpected consequences decades later.
People are looking at tools to change the epigenetic
signature of the cell and the first evaluation is in
cancer and I think it is watch this space. I do not think
there is a need for UK Plc to be catalysing more
research in this area because we have got some of the
most distinguished basic science in Britain in
epigenetics and, as I say, we do not have much of an
option right now but to look very carefully at what
happens to the cancer patients.

Q443 Lord Winston: Are you thinking about the
supplies of micro RNAs or do you think that is going
to be so complicated—there is a plethora of data

presumably. Management of patients with diseases
like haemochromatosis, which again is not all that
uncommon, now is reliant on genetic testing.
Professor Sir Alex Markham: Management of
haemoglobinopathies is absolutely reliant on genetic
testing. It has strayed back into monogenic diseases.
Where we will see the next big demand might be
unexpected. If you want a prediction, it would be in
one of the cancers that has rather escaped notice.
There is an enormous amount of investment in the
genetics of breast cancer and it is very interesting and
controversial. It tends to draw attention away from a
big challenge we face in colorectal cancer, a very
common disease for which we have just implemented,
I am delighted to say, a national screening
programme. That national screening programme
currently tests faeces for blood. What we need for a
patient aged 60 who has a polyp in their colon is some
sort of categorisation tool that says, “This 60 year old
patient now has absolutely nothing else to worry
about. We have removed the polyp. They have had an
£800 colonoscopy at the NHS’s expense. We do not
need to bring them back in two years’ time for
another one, another one two years after that and so
on.” We need a tool for colorectal cancer, for the
screening programme, that says that we cannot
aVord to colonoscope every at risk patient who is 60
years old every two years indefinitely. We did not
have any of those tools and the genetic studies that
are just publishing now on colorectal cancer genetics
are giving us unique and unexpected insights that I
think are probably an order of magnitude more
exciting and important than what we have so far out
of the breast cancer screening programme,
unexpectedly. The application may not be very high
wire/high tech but I think it will have a massive
impact on the way we go about delivering a national
screening programme. My hope is that we can screen
a lot more people a lot more eVectively for a lot less
money. I would be excited about that. I think the
genetic studies that are going on right now in prostate
cancer are going to oVer us some of those kinds
of opportunities too. Breast has been a little
bit disappointing after a huge euphoria about the
BRCA1 single disease mutation story and the breast
cancer people are going to have to get their thinking
caps on about how all these new genetics work.
John’s suggestions about sub-segregating breast
cancer in terms of what genes are expressed is
probably the way to go. I think we are going to get
some really exciting things to chew over from some of
the other malignancies. I understand there are some
very interesting things coming out of melanoma
genetics right now. I do not know whether it is
interesting or quite amusing but the first genetic
studies of predisposition to lung cancer have just
published and they all show that what predisposes
you to lung cancer is polymorphism in your nicotinic
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acetylcholine receptor genes. If you are predisposed
to rather liking your nicotine, you are predisposed to
lung cancer. You might say, “Whoopee do, we could
have told you that anyway, Professor”, but it does
show you that genetics do get things right, I think.
Professor Sir John Bell: To give you two other
examples, it is really important not to be narrow
about the use of genetic tests. HIV and viral
sequencing to detect resistance is very common in
HIV. It is the way you manage many of the new
medications. People have been using it for five years.
It is highly eVective. The herceptin test used to be
based on the presence of a particular receptor in
certain breast cancer cells and is now almost all done
by FISH, so it is there in a variety of diVerent
formats, not always in a chip.

Q444 Lord Krebs: I wanted to ask briefly about the
translational gap in genomic medicine. Quoting from
the Academy of Medical Science’s submission to us,
they said, “It is far from evident that the UK
environment for translating advance in genomic
medicine into health care practice is optimal.” We
have heard a number of concerns about translation
and the perceived lack of funding for evaluating the
utility of new genetic tests—for example, the NIHR
is not funding research into the evaluation of
laboratory tests. I wanted to ask whether you think
that is a fair assessment about the translational gap.
Given your position, what is OSCHR’s vision in
relation to this issue?
Professor Sir John Bell: Everybody has this problem.
The delivery of a new set of genetic tools into the
clinic has proved really diYcult in every jurisdiction.
The Americans have had a very hard time doing it.
The Europeans have had a hard time doing it. We
were having a hard time doing it and there are several
reasons for that. One is that I do not think you can
rely, in this setting, on the diagnostics companies to
do what is done in therapeutics, which is to
demonstrate clinical utility, because the cost of a
clinical utility programme is such that, at the prices
paid for diagnostics, they would never get the money
back. Diagnostics companies say, “If you want
clinical utility, you are going to have to do it yourself
because we cannot do it.” That is a really important
diVerence. We do have the advantage that the
regulatory framework in Europe is much more
attractive for moving diagnostics. The approach to
CE marking rather than various forms of FDA
approval makes it much more likely that you can
move down that road eYciently with all the
diagnostics. The real obstacle comes in who is going
to do the diagnostic evaluation and who is going to
pay for it. If you look at the host of diVerent activities
and technologies that you could apply at the
moment, you can see why the Department of Health
has not jumped immediately in and said, “Yes, we will

do it”, because the bill is going to be pretty
substantial to deal with that problem. There are
things going on funded through the NIHR which are
very positive. They funded for many years genetics
knowledge parks which did a certain amount of this
in the very early days of genetic testing. A number of
the biomedical research centres brought genetic
teams which are funded to try to implement some of
these genetic activities. Where we lack real oomph is
setting up large scale prospective studies to try and
evaluate for example transcript profiling in breast
cancer and prostate cancer. What information does it
give you? Does it save lives? Does it save money?
What is the real data you get from that? Those are
complicated, costly projects and they are probably
not the same as randomised phase three studies for
therapeutics because you do not have to do the
randomisation. You can do it in a cohort fashion,
running the new tests alongside the old tests to see
how you diVerentiate people as they go forward.
Clinicians may be blinded to what results you get in
the lab but you do not have to do it in a test. My view
is that this is a really important thing to get right. I
have wondered whether the NHS should not consider
itself the laboratory for the world for developing
clinical utility in new diagnostics. We have a fantastic
setup that would allow us to approach the
commercial suppliers and say, “You have the test. We
will help you do the clinical utility. If we do it
together, we are expecting a pricing on the diagnostic
which reflects our partnership in the process.” In the
end, the payback is that we, unlike the rest of the
world, would get our diagnostics at half the price of
everybody else and the clinical utility data which we
generated to the benefit of our patients in the NHS
would be used worldwide for people to get
registration and sell their products internationally.
There potentially is a deal to be done there that
probably requires a bit of reflection to see whether we
might do that. One could do it to the long term
financial benefit of the NHS as well as providing
clinical utility data.

Q445 Chairman: Who is doing this thinking? What
structure will be required?
Professor Sir John Bell: That was my idea. I floated
that by the DH and Andrew Dillon at NICE because
I thought NICE should be involved in that as well.
You could conspire to make sure whatever studies
you do are the ones that deliver the health and
economic data for NICE to make decisions on. The
discussion went rather well, as far as I can see. I think
they have gone back to talk within the Department of
Health about how they might advance that. There are
a variety of ways to play this but it seemed to me that
would position us right in the front of this field and
this whole issue about how you get innovation
delivered to the NHS quickly—nothing does that
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better than being in a place where you do the utility
testing in the first place. I think it has many benefits.

Q446 Lord Winston: Is there a model for that so far
in the history of—?
Professor Sir John Bell: Not that I know of. I do not
think there is.

Q447 Lord Winston: I could not think of one.
Professor Sir John Bell: Neither could I. If I come up
with one I will let you have it but I cannot think of
one.

Q448 Lord Winston: Current genetic tests for single
gene disorders are approved for NHS commissioning
by the UK Genetic Testing Network. Do you think
the role of that network could be expanded to include
genetic tests for common disorders?
Professor Sir John Bell: The UKGTN has done a
really good job. As you know, it is a voluntary
organisation where people participate in the
evaluation of single gene testing and have been pretty
eVective in providing a clear understanding about
whether it works or does not. The decision about
commissioning does not sit with the UKGTN. It sits
with the Genetic Commissioning Advisory Group
and then it gets passed down to local commissioners.
That process needs another look because the time
frame from getting from the top to the bottom is at
least three years, so the time frame to get stuV to
patients, in my view, is far too long. When you enter
the arena of some of these much more complex tests
in common disease, I am not sure that the skill base
that is housed within the UKGTN is the right skill
base. You are talking about often epidemiological
data. You require health economic data to work out
whether this stuV works or not. I am not persuaded
that the structure which I applaud is necessarily
transferable into this rather more complicated,
complex world where clinical utility testing will have
to be done on thousands of patients in large
prospective cohorts. The methodology for analysing
that may have to be new because some of this is
relatively new methodology. My feeling is that the
structure that is needed might have to dock with a
NICE like agency which has some of those other
capabilities to think about what evidence you would
need and how does it work. My view is it might need
to move.

Q449 Lord Winston: EVectively you need a new
agency?
Professor Sir John Bell: Yes.
Professor Sir Alex Markham: I am always reluctant to
start new agencies because they always seem to me to
have a tendency to slow everything down. I think the
pathologists as a community have to take some
ownership of this. The Royal College of Pathologists

has to step up to the plate here because they have
responsibility first of all for managing the scientists in
the genetic testing networks anyway. That is a
discipline that the College of Pathologists sees itself
as being top of the food chain for. Once you get into
the realm of polygenic disease, there was a question in
the preamble you sent out to us: does all this genetic
advance imply that the profession of medical genetics
needs to massively expand? I would argue no. If you
have to manage a patient with psoriasis, you have to
be a dermatologist. You as a dermatologist have to
understand the implications of the new genetic
understanding. I would put pathologists on the spot
and say, “What are you going to do about this? What
do you think of the role of the UK Genetic Testing
Network?” which has done a terrific job. What they
did successfully was they divvied up the cake and let
the whole community develop individual tests that
they were good at and then shared that together. The
sociology of the thing was good. When you get into
looking at updated versions of cytogenetics in
whatever form they evolve, when you start looking at
profiling expression levels in particular tissue,
diseased tissues like tumours, I think you have to be
given the pathologists because they are going to have
to advise front line clinicians on issues of prognosis.
They are going to have to give advice about optimal
clinical management routes. This is where
multidisciplinary clinical teams have such an
important role to play. I would urge against another
body until you have exhausted all the possibilities of
making the one we already have do its job a little
better.

Q450 Lord Warner: That brings us neatly to an issue
that has been raised with us on a number of occasions
about the competence and costs of the current
pathology labs doing genetic tests. I am interested
that you say they should step up to the plate. There
has been a bit of nervousness about stepping up to the
plate in this area. Should genetic tests be carried out
in the specialised regional genetics centres or will
most pathology laboratories need to be carrying out
these tests in the relatively near future?
Professor Sir Alex Markham: That is a very timely
question. The regional laboratories have played an
important role. I get the sense that the regional
genetics laboratory service is a little uncertain of the
future. It feels to me that people in them are intrigued
and a little bit worried about what the future holds in
terms of all the new advances that can be anticipated
and what their place in that world is. I get the
impression that it is becoming more diYcult to recruit
into regional genetics laboratories. That may be
incorrect. Lord Winston will probably have his finger
even more on the pulse than me on that. The time
might be right for moving to a system where they are
more integrated into “mainstream pathology”. The
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time might be right for that to be considered. A lot of
the funding streams that have driven the genetic
testing laboratories over the period since the White
Paper will probably be coming to an end now. A lot
of what went on in the genetic testing world was
underpinned by things like the genetics knowledge
parks and the funding for that cycle is ending. I do
think there is scope to look very carefully at how the
NHS structures those laboratories and goes about
commissioning that activity and paying for it in the
context of pathology as a whole. Lord Carter is
reporting on pathology and I think he would miss a
big trick if he does not address that question of
genetic testing and its incorporation into mainstream
pathology.
Professor Sir John Bell: Alex and I did not conspire on
this question before we came in here but I think we
are on the same spot. I would go a little further. We
have got ourselves silo-ed in a really unhelpful way in
laboratory services generally. One of the things that
has emerged in my local domain is that pathologists
want to do a little bit of molecular pathology and
some genetic stuV but clinical genetics often use the
same technology. Haematologists want an array
machine. I would just say, “Forget it; you are not
doing that.” Let us have one really good molecular
pathology lab and the best facilities in there. When
you want DNA sequencing done in the clinical
setting, it gets done there. It can go out to the sub-
specialties. Moving everybody to a diVerent space I
appreciate will be diYcult but I think you have to do
it because the waste in the system, if you just let
everybody fool around, is going to be terrific. I would
really urge you to take a serious go at this one. It is
not complicated. You just have to break down some
of the old barriers.

Q451 Lord Warner: What levers would you use in
this area? The two levers you can usually use are
money and regulation, money in the sense that you
can incentivise people. That becomes the only show
in town, which is a bigger grouping and bigger
competence. The other is regulation which says to
people, “You have to pass certain thresholds of
competence to be able to do these tests.” Which
combination or use of those levers would you be
saying to the Committee we ought to be pushing?
Professor Sir John Bell: There is another piece to this,
which is another dimension that I think might be a
lever. My suspicion is you will not want to start, even
if within a single general hospital you put all the lab
services together. I am not sure you will want every
little district general hospital to have a DNA
sequencing facility in the back room. It is not
straightforward technology. Having some significant
regional laboratory capacity is going to be part of
this. You are going to have to say, “We, the NHS, are
going to fund these in a certain number of places”,

ideally hooked up to the capacity to move novel
developments into them in an eYcient way. There are
some good examples out of the White Paper where
you spread technology all over the country but they
are still using it in the way they were five years ago,
which is unhelpful. Being hooked up to a stream of
innovation is really crucial and also to have the
capacity to provide that set of services at some kind
of regional level. You may be able to dictate how
many of them there will be and what sort of area they
will cover. By doing that you will end up with the
right result because you will say, “We are not going to
do it unless they have dah-di-dah.” It has to soak up
all the activities in those areas and provide services
for the surrounding regional hospital arrangements.
The Americans have done this really eVectively. If
you go to the molecular pathology labs in Germany,
it would knock your socks oV. They are fantastic.
They are really slick. They have all the bits of kit.
Every record is on an IT system. There is no paper.
The big American reference labs are like that too. I
would look at those.
Professor Sir Alex Markham: I would just remind us of
a model that was used for the genetic testing labs five
years ago. Each regional health authority has a
genetic testing lab but only two of them are resourced
and recognised as the ones that develop the new,
special tests for relatively rare diseases. That was
done, as I recall, in Salisbury and Manchester. Now,
with modern IT and the way this technology is
developing, one of your levers is to say to a region, “If
you cannot get your act together to deliver an
integrated molecular pathology service that covers all
these bases, the region down the road can eat your
lunch” and get some competition in like that. The
history here is that the clinical medical genetics
community rather used the regional genetic testing
laboratories as part of their empires. That was what
came with the turf of being a clinical geneticist. You
had the regional clinical genetics lab in your fiefdom.
I do not think that is necessary any more. The clinical
laboratories need good interaction with the clinical
geneticists but they do not necessarily need to be
down the corridor any more.

Q452 Lord Winston: Lord Warner mentioned two
ways but is not the best way to be getting research
done?
Professor Sir John Bell: Exactly. You get certain
expertise and if it is hooked up particularly to people
who are using these skills in the research environment
then they can implement them in the clinical
environment and the whole thing should be seamless.
It is really important that you do not recommend that
we just establish another set of regional genetics labs.
What both Alex and I are saying is that this is not a
regional genetics lab; this is a regional molecular
pathology lab that brings the geneticists in, the
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haematologists in, and if you give it to the geneticists
to own it will cause a lot of trouble. It has to be
everybody working together and that means they will
probably end up in diVerent places as well.

Q453 Baroness Finlay of LlandaV: With the
philosophy of devolution of the NHS and non-
central control, picking up Lord Warner’s point,
where do you think an obligation to participate in
research and provide research led data should sit in
terms of supplying and having central labs? I am
picking up Alex’s comment that it is unethical
perhaps to treat patients without considering the
research information and the knowledge that you
gain from it.
Professor Sir John Bell: It is really helpful that the
NHS constitution is going to have within it a
commitment to making research a major pillar of
what we do. We have said this time and time again.
Patients do not dislike research. In fact, patients like
research a lot. In a sense, one of the opportunities we
have within the NHS is to make it available to
patients in the same way you make other things
available to patients. My view is you can do the
distributive model, although I am not a great fan of
it. There are a few things where you will have to say,
“You are going to have to do this” and it relates to
quality, what patients want, and most sensible people
will implement it anyway, but I think there needs to
be central management to make sure that it is a main
pillar of the whole organisation.

Q454 Lord Broers: You have talked about the
potentially very competitive position that the UK is
in. Perhaps this question relates to that. UK Biobank
and Generation Scotland are studying very large
numbers of individuals to understand more about
their propensity to develop common diseases. How
will genome technologies and genomic information
be useful in studying these populations? Are these
study populations large enough? Could there be a
need for a larger, Europe-wide study?
Professor Sir John Bell: I was very involved in the
initial stages of conceiving the Biobank study. When
we set it up, we felt that the major argument for doing
it was the likely availability of genetic tools and
technologies to allow you to interrogate large
numbers of people for their genetic susceptibility
factors, for genetic factors that relate to disease and
ultimately potentially their response to therapy. The
numbers we chose to recruit were to some extent
defined by the budget, but they did provide the sort
of numbers that you see in a variety of other genetic
studies that have been emerging recently. They will
probably be just enough to start to interrogate some
of these interactions between genes and environment
which is obviously the fundamental thing that we
want to try to deliver. We could have done a million

but 500,000 is not bad. We are now five years ahead
of everybody because everybody said they were going
to do it and nobody did. The Germans and the
Canadians have just announced one. They are
300,000 each so each one of those is smaller than us.
Obviously we are trying to align their protocols with
ours so we could add the results together over time. I
would put this to you: one of the great powers of the
structure that is being set up and one of the reasons
that Biobank will be successful is because of our
ability to manage and handle data in large numbers
of people, which really relates to the Connecting for
Health programme, and the Research Capability
programme analysis alluded to. If it evolves as we all
hope it will, given the ready access to that kind of
data, I am not sure why we would not expand the
Biobank concept much more widely in the UK, where
one gave all patients an opportunity to deposit a bit
of DNA that would be used in an anonymised
fashion, to link the data system. When you say to
people, “Would you like to be part of a system that
will allow you (a) to inform the next generation about
their diseases much more eVectively and (b) would
you not want to know about the opportunities that
you have for understanding disease in a much clearer
way and understanding your response to therapy in a
much clearer way?” I think you will find that, if it is
no imposition in time terms and it really just involves
a sampling of blood, you might find that you could
expand Biobank using largely a DNA sample across
a much larger population in the UK. I see Biobank as
phase one, a pilot study. We may end up eventually
with ten million people who are all participating in
the programme. The IT makes it possible.

Q455 Lord Broers: Surely, if you included
particularly southern European countries, you might
reveal some of the environmental factors more clearly
than a monolithic, northern European population?
Professor Sir John Bell: You are right. You will also
get diversity of genetic inputs. There are two other
studies which are under way, which are already
contributing to that. One is the Kaduro Study, being
run by Richard Peto in China. They have already
ascertained 500,000 people and have biological
material, including DNA, on half a million people
with health records. There is also a Mexican study
which again is led out of the UK but which is being
done by the Department of Public Health in Mexico,
which was greatly advocated by Julio Frank and
others to develop essentially the same bio-repository.
My view is: let us get as many of these as we can. I am
sorry to say that I do not think in Europe southern
Europe is likely to be the place where that will
happen. It will happen in Scandinavia and Germany.
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Q456 Chairman: In the context of the UK and
maybe the rest of Europe, who will fund such large
population studies? We are talking about £60 million
or £70 million.
Professor Sir John Bell: UK Biobank kicked oV with
£65 million. That came, as you know, from a number
of funders including the Department of Health, the
MRC and the Wellcome Trust, who were the founder
contributors. My view is that this gets easier over
time because the availability of IT records which
come as part of the overall system makes the
acquisition of data on patients that you are following
a great deal easier. Genetic technologies are now a
tenth the price of what we anticipated they were going
to be when we started the study. The price of doing
the analytical side is falling. The price of getting
access to the information of patients is falling. I am
not pretending we will get this for nothing, but I think
it is well within the reach of national governments
now to fund this pretty eVectively. If we had five
national governments each of whom put half a
million people into the system, it would be
impressive. It would be a good start.

Q457 Chairman: Who from the UK would
coordinate this to make it happen?
Professor Sir John Bell: Not me. That is for sure.

Q458 Chairman: OSCHR?
Professor Sir Alex Markham: No. I fear something
coming by me here. The answer is no. Rory Collins
and Richard Peto would be seen as the head of the
food chain I think by most of their international
peers. The British leadership of this would be
welcomed in most other countries.

Q459 Chairman: In the United States, as you well
know, the National Human Genome Research
Institute coordinates all the activities related to
genomic science and genomic medicine, including
ethical, legal and social issues, not just the genomic
technologies and research and its implications. Do
you think we should have such a body to coordinate
all of the activities related to this, because again we
have all kinds of diVerent bodies involved.
Professor Sir Alex Markham: Your Lordships may not
know this but the director of the NIH Human
Genome Research Centre has recently resigned.

Q460 Chairman: We do not know why.
Professor Sir Alex Markham: We do not know why. In
a world where NIH funding of grants is currently
running at, I believe, 8 per cent of applications, I do
wonder whether spending $1 billion on what was
proposed for that body in the United States is going
to materialise. They talk a good game but we have yet
to see the fruits of it. I think we are starting to see a
few cracks in it. I deal with quite a few of the

American organisations and organisations like the
major suppliers, Kaiser Permanente and so on, have
very impressive data sets on their customers, mostly
of course driven by the need to send them a bill. You
cannot send somebody a bill unless you have pretty
good records of what you did to them. In the UK,
because of some of the changes in the way the NHS
is funded, we have fantastic records about many
aspects of how we pay for care. We have superb data
now about waiting times for treatment in the NHS,
which is very interesting. I do not think we need
another body for me to persuade about the ethics of
what I am trying to do. We can do these things with
the structures we already have quite eVectively.
Professor Sir John Bell: You need to look at where we
are in this field. I have huge respect for Francis and
what he has done at the NIH but the reality is that, in
terms of delivery, our structures deliver considerably
more. We had an equal share of the sequencing of the
genome, thanks to the Wellcome Trust. The
Wellcome case control consortium is a million miles
better than anything. If you look at the new genome
sequencing methodologies and technologies, one was
invented in the UK and the other was invented in
Scandinavia. They were not invented in America. I
can tell you, because I have just met with them, they
would die to have a Biobank project. They do not
have one and they are not going to get one. I think we
are doing pretty well. I would be very concerned
about upsetting the apple cart.

Q461 Lord Broers: We have heard in evidence that
the storage, transfer and interpretation of genetic
tests requires sophisticated IT systems and expertise
in bioinformatics. Will present IT systems and
expertise need to be expanded? If so, how should this
be done? How should it be funded and what are the
priorities?
Professor Sir John Bell: I will first of all refer to Alex’s
very positive comments about the Connecting for
Health programme which I think are going to take us
into a new era as it relates to research activities. Even
research labs that have a hold of the new sequencing
technologies are finding it almost impossible to
manage the data. We have only just begun. We have
not really used it in earnest for epigenetic analysis or
across large populations. There are two problems.
One is that there is a hardware issue about having the
kit to store the information on. There is also a human
capacity problem. Despite the fact that we all sat
around 15 years ago and said that the really crucial
thing to train in the UK will be bio-informaticians—
people who can handle data—the truth is we have
now hit the wall in terms of data handling and
management. We do not have that cadre of people.
We are in real trouble and I am not quite sure how we
get from where we are now to where we need to be,
but there does need to be a much more concerted and
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systematic approach to making sure that bright
young people are brought into this arena and trained
up at a variety of diVerent levels. That is something
that we will be discussing at OSCHR in relation to the
human capital programme because it is a really
serious problem.

Q462 Lord Broers: Have the key industrial players
been talked to or involved? People at Google or even
small companies in this country like Autonomy have
people with phenomenal skills using absolutely vast
volumes of data and searching through them in a very
sophisticated way.
Professor Sir John Bell: I have not directly approached
people but I know Google has been involved in
discussions at the Department of Health. That, it
seemed to me, was a very welcome interaction. You
are absolutely right. Google does have capabilities
for dealing with that kind of data in a way that many
of the public sector participants probably do not.
There is expertise out there but I suspect that, taking
some of the technical aspects of churn through very
large amounts of little bitsy sequence data, getting it
all to align and getting the information you want out
of it, I still think we are going to be overwhelmed by
a wave of data. I think that remains a big problem.

Q463 Lord Broers: Do you think in the long run it is
going to be possible to combine personal health care
records with genetic data?
Professor Sir Alex Markham: Yes. Right now, in the
first phase of the pilot studies for our NHS Research
Capability programme, we are working with
Biobank to link the Biobank data with data that
currently they do not have. For example, at the
moment Biobank is not linked to the death records in
the UK. That is job one in our set of pilot studies.
Biobank is not linked to hospital episode statistics,
HES data so-called, which is an incredibly rich source
of data from the hospital sector. Biobank is not
linked formally to GP research databases, so we are
going to be linking Biobank to GPRD and others.
There are some interesting challenges that we are
going to take on in very short order there. Can we
combine that with the tidal wave of genetics
information that John and I have mentioned? Yes, I
think we can, because in the governance process of
this programme, which is overseen by an OSCHR
committee, some of the key members of that are the
likes of the senior scientists at the Sanger Centre who
are, I guess, the world leaders in dealing with massive
amounts of genomic information. We have
representatives from the European Bio-informatics
Institute in Cambridge, who are world leaders in
pulling together bio-informatics information of every
kind including the sorts of things that you get in the
public literature. We have the British Library
involved in the process to bring their expertise to bear

in how to align published information to make sure
that links into these databases. All the time, how do
you keep out wicked people who would want to do
something mischievous with people’s confidential
material? How do we keep the firewalls up? Yes, it is a
problem. Yes, through OSCHR, we have right at the
front of our minds the need in training the so-called
human capital programmes to make sure that this
agenda gets fed with the sort of workforce it is going
to need. Is the UK in a place where we are miles
behind the rest of the world and on the starting blocks
without any planning in place? No, I do not think we
are. I think we are in reasonably good shape.

Q464 Lord Krebs: Can I go back to your comments
on bio-informatics? You said that there had been a
discussion about a decade ago to recruit more people
to this field. What went wrong with that?
Professor Sir John Bell: It was one of those things that
everybody said because everybody realised they
would look clever if they said it, but nobody did
anything about it. Everybody nodded wisely and
then nothing happened. I cannot think of any
significant, single initiative that produced even a
dozen. People recruited a few of those interested in IT
and computing but I do not think there has been a
systematic push to generate a whole new generation
of people who have those various sets of skills. It has
happened a bit but it certainly has not happened in a
systematic way. Nobody really grabbed it. OSCHR is
very cognisant of the fact that we do have a capacity
programme and we will be working together with the
two big agencies to see how they propose to deal with
these problems.

Q465 Lord Warner: Can I ask about the National
Programme for IT? My scars have now healed in this
particular area. One of the intractable problems of
that which is very relevant to this inquiry is the
electronic patient record. That has been bedevilled by
a couple of problems. One is the issue of people giving
consent to their records actually going on the system
in the first place. The other has been the wish of many
people in the National Health Service to have their
own version of the electronic patient record. This is
largely clinically led. The problem of standardisation,
which helps the kind of research that you enjoy that
Alex and John have been talking about, is under
threat to some extent perversely from within the
health professions themselves. What is your advice
on this issue of consent and standardisation around
the electronic patient record, to make the best use of
the emerging amount of genetic data?
Professor Sir Alex Markham: If you ever require me to
come and rub some salving balm on your wounds, I
would be willing to. The problems you highlight are
very real ones. As a complete newcomer to this whole
world, I have been pleasantly surprised by how
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eVectively primary care has adopted e-health records.
To my utter amazement, eVectively 100 per cent of
NHS patients in primary care have their records held
electronically. Those systems are supplied by three
separate commercial suppliers. One has 60 per cent of
the market; one has 20 and the other has 20. Of those
three data sources, the 60 per cent market leader is
available for research purposes because it will
provide completely anonymised data. That is done
through a body called Q Research within the
University of Nottingham. One of the 20 per cent
suppliers supplies the GP research database, which is
run by the MHRA, a government body. That can
provide pseudonymised data so that if there is ever a
need to go back to the patients that can be done
through GPs. The other supplier is involved in
research activities in a slightly more fragmented way.
Primary care is in good shape. The problem you
allude to for the hospital sector is very severe, but the
first pilot studies for the care record are now ongoing.
I believe there is one into the Somerset/Avon region
which is going very well. The other one is the whole
north Manchester, Bolton, Blackburn, Burnley, Bury
conurbation, which is running an electronic hospital
record. Again, that sounds as if it has been very
successful. There is a huge amount of work that has
gone on led by the Royal College of Physicians.
Professor John Williams from Wales has been at the
heart of that, developing the template for an
electronic case patient recording. What does a doctor
have to tap into the computer for each patient and
agreeing the sorts of descriptors like snowmen that
will be used for that. It is at quite an advanced stage.
Although the scars from NPFIT and the people who
have been close to it, I am sure, are still there, I am
now on the board of the National Programme for IT.
I went along to the first board meetings expecting to
go to something that was in a state of melt down and
actually I found it an extremely well managed
programme. I have worked in some very well run
organisations in my time and I have not seen a better
one than the National Programme for IT right now,
which astonished me. If there is one lesson to learn, it
is that the National Programme for IT and the
Department of Health have a lot to learn about
telling the British public just what a great job they do.
I think we are missing a huge trick nationally because
that would provide people with an enormous level of
reassurance that what they are being asked to
participate in is not some disaster waiting to happen
but is really something that we can take an enormous
amount of pride in as a nation. I think we are on track
to introduce the electronic patient record. Yes, I am
sure it is four years late. Yes, I am sure there have
been all sorts of problems along the way but we are
introducing one of the biggest IT schemes ever in the
history of the world. You only have to look at how
quickly IT changes and how ridiculous it makes you

look when today’s IT insoluble problem is
tomorrow’s trivial issue. I think we can be very
pleased with where we are with the National
Programme for IT and I would be very optimistic
about it. The roll out nationally I think should go
ahead in a measured way. There was a bit of a furore
in the press again a month ago when Fujitsu were
ejected from the programme. The immediate
response to that was that the National Programme
had screwed up again and Fujitsu are walking away
from it. The truth of the matter was that the
government body got rid of a supplier that could not
deliver and took a very serious line on not wasting
public money. NPFIT needs to hire a decent media
team frankly because we have a great story to tell.

Q466 Chairman: That is a rare endorsement for
national IT.
Professor Sir Alex Markham: Yes, but why does not
everybody say that?

Q467 Baroness Finlay of LlandaV: Can I change the
area a little towards education and training? Given
that it seems likely that there will be growth in
medical genetic tests and health care professionals
maybe applying these, do you think that medical
genetics need to be expanded to meet this need or do
you think it should be training across other health
care professionals so that they have education in
genetics? Linked to that, if it was, would that be
mainly confined to secondary care or would it be
general practitioners as well or would it be beyond
medicine?
Professor Sir John Bell: This is not a domain for
medical geneticists any more. Some of the examples
we have given you today show clearly how it is going
to permeate all areas of therapeutics and most
specialties. As a result, I think it has to be part of the
core knowledge base that all doctors have, none more
so than general practitioners. The patient will come
to the general practitioner and it will all have to be
explained in that environment. The results will have
to emanate down to that level. They are going to have
to start to understand this. If you say to me, “How far
are we along that road?” we are not very far at all. In
medical school curricula in some of our most
distinguished academic centres have precious little of
this. I think people have not realised quite how
rapidly some of this technology is now descending on
us. It has important implications but it has
implications much wider than that within the NHS.
For example, we probably have 1,000, maybe 2,000,
cyto-geneticists. We have a variety of cyto-
pathologists. There may be 3,000 or 4,000 people in
the NHS who are doing jobs today that, within a very
few years, may be completely redundant. How do
you take those people and retrain that workforce?
What you do not want to do is run to the end and say,
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“Oh well, now we are going to have to hire a lot of
other people.” You have to think about how you can
take that workforce and get them used to doing
something else. There is a real workforce training
issue that needs to be thought through aggressively
now, because if you start a process like that it is going
to take a number of years to get to the end. You want
to embrace these people and move their skills to
where they need to be five years from now, it seems to
me. It covers not just the medical profession but a lot
of these paramedical areas as well.

Q468 Baroness Finlay of LlandaV: We are talking
about laboratory scientists. What about nurses,
because there is almost nothing in nursing at the
moment.
Professor Sir John Bell: I agree. It probably has to be
across the piece. The medical school curriculum has
not done so well either.

Q469 Baroness Finlay of LlandaV: You said earlier
that we are world leaders at the moment in
developing this technology and so on. I just wonder
how you think we would be able to maintain the
economic benefit from that knowledge capital for the
UK in the long term, because these developments are
happening here. What will happen in the future in a
very much share led, banking led, type of financial
world environment?
Professor Sir John Bell: I am innately an optimist. I
think it would be okay. If you ask me to explain
exactly how it will be okay, it is diYcult. As a crucial
ingredient you have to have smart people. You have
to resource them to do innovative, unconstrained
science. Then you have to have a structure to take the
discoveries that emerge from that and put them into
some translational mode that allows you to turn
something that is useful to people out at the far end.
If you look at where we have got to through the
OSCHR process in the last few years, I think we have
had a very significant impact on transforming that
landscape with the ability to take basic discovery and
trying to establish decent structures that will facilitate
it going into something that is useful. There is a whole
set of issues that makes it complicated. There is much
less risk capital around. The venture capital sector for
biotechnology in the UK is not in robust shape. The
availability of resources for small companies is
limited. There is a limited number of big players in
the diagnostics industry based in the UK so that has
some issues associated with it. We need to work our
way through how we deal with those things, but the
fundamentals, which are the people, the support for
discovery science and the support for the
translational component of that discovery science,
are in place.

Q470 Chairman: Do you want to comment on
education and training, Alex?
Professor Sir Alex Markham: Yes. I think it is going to
have to become a core component of the medical and
the nursing curriculum. When you teach the students
this stuV, this is what really excites them. Properly
and well taught, this is the hottest story in medicine.
The fact that what we used to be shown in a book as a
big mystery, disease X, now has all these mechanistic
bases to it is incredibly stimulating. We are going to
have to incorporate this in the great scheme of things.
There was an earlier question about the whole
translational research piece here and how do we build
the UK capability and commercialisation,
particularly of the more diagnostic aspects of this. It
is diYcult. The UK has never had an internationally
competitive diagnostics and devices industry. I was
responsible for trying to start one in the old ICI
Pharmaceuticals. Now that is an industry which is
very consolidated with a small number of
international players that make it very diYcult to
break into the mainstream. If UK plc is determined
to go there, the way is going to be to take very radical
approaches. It will be paradigm shifts that allow us to
get in, not trying to do the same as the big battalions
but a little better. I would like to reassure your
Lordships about the translational elements of this. In
the last 12 months we have put some funding schemes
in place that are there for people to take inventions
and knock them into things that will do something
for a patient. That never has existed very well at the
interface between MRC and the NHS and NIHR
before. Those schemes are in place. The question
earlier said, “We are told that there is no funding
available to do this stuV.” Rubbish. The money is
there. If people are coming to the system with ideas
that are good enough, the money is there redoubled
in spades, both through that development funding
pathway, through the experimental medicines and the
evaluation pathway that runs in NIHR through the
technology assessment programme. That comment is
not fair. There is money available.

Q471 Baroness O’Neill of Bengarve: The public, as
we are told, has a suspicion of genetics because of the
potential for abuse of the data and because of poor
publicity and, I suppose also, because of the case
history of what happened with the attempted
introduction of genetically modified crops in 1999.
Do you think this suspicion is in any cases well placed
and, if it is or even if it is not, what can be done to
allay public mistrust and to ensure that it does not
impede progress in health care and health care
research?
Professor Sir John Bell: There may be public mistrust,
but I am not sure that public mistrust is of genetics.
A lot of public mistrust relates to what might be
perceived to be the bad outcomes of misusing genetic
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information. The public are very anxious about the
insurance industry because everybody relies on it for
their mortgage and all the rest of it, so they are very
anxious that their genetic susceptibility or data might
be used in a way to prevent them getting access to
that. They are also anxious because, in fairness, the
government has not been perfect in protecting their
data held in other settings and preventing it reaching
the public domain. We should all accept that. It has
not been the finest hour of government departments
in keeping public data private, as it were. I think they
have concerns about those things but what is
interesting is that almost all patients innately
understand that health is genetic. Although we have
all these complicated tests to tell you what you are
going to die from, the truth is when most patients
walk in your oYce for the first time they have a view
of what they are going to die from and it is largely
related to what their parents died from. They say,
“My mum died of breast cancer. My sister died of
breast cancer. Am I going to get breast cancer?”
There is an innate understanding that health
transmits in families and that certain sorts of
operations are more of a risk than others. If you are
providing people with a tool that allows you to
dissect that in a more precise way to their benefit, I do
not think there is going to be much anxiety about that
at all. We have introduced a whole set of things in
health care over many years that have often produced
a flurry in the press. IVF was a pretty good example
of that, but the truth is that, when people realised that
there were considerable benefits to be had and that it
was there without any of the dangers that had been
speculated about, people came to accept it pretty
readily. Biobank had recruited a very large number of
people by the time the disk from the Treasury with all
the data of the 22 million women on child support got
lost in the post or whatever happened. I immediately
called and I said, “Trouble coming. Let us watch the
pace at which people pull out of this study because
they will say we just cannot trust you guys.” We did
not have a single person withdraw. People treat
medicine diVerently than they treat the rest of this.
That is not to say I am complacent. We have to
communicate better. We certainly have to
communicate better than the genetically modified
food gang who did not do such a good job, but I think
you can manage this by really open communication
about what we are trying to do.

Lord Taverne: I would like to put the question rather
diVerently. What can be done to stop the government
believing in what I regard largely as a myth, namely
this public suspicion of genetics, a point which you
seem to agree with? Essentially, as was shown for
example over the concern with hybrid cells, the
government got oV to the wrong start. There is no
public worry really about stem cell research. What

the government seems consistently to do is to listen to
a very vocal minority and regard that as the strength
of public opinion. Again, there is this very
widespread concern that Sir Alex referred to about
ethical issues. I almost feel when people mention
ethics I want to reach for my gun because it is nearly
always counterproductive. What can be done to
make sure that the government does not proliferate
the ethical dogmas and concerns and does not take
public concerns very seriously that do not exist? Sir
Alex mentioned the concern about registration. One
out of 2,500 objected to their record being used.
Chairman: Perhaps Baroness O’Neill would like to
intervene at this point.

Q472 Baroness O’Neill of Bengarve: I have to plead
guilty. I do not think Lord Taverne will reach for his
gun, but it seems to me that there is a great tendency
to believe that self-appointed spokesmen for the
public are indeed representative of what the public
thinks. One always has to go behind the opinion polls
to ask what do the public do. That is the real evidence
of what they think and whom they trust when they go
to their doctors, which is not to say one takes it
lightly.
Professor Sir John Bell: That is correct. I think this
comes out of the hybrid embryo discussion. It is right
that government should enter these areas and
consider them but you have to get good evidence
about what are the facts, what we know and what we
do not know. The hybrid embryo thing kicked oV
with a lot of hearsay, again from vocal minorities,
without a substantial understanding even of what the
definitions were of what a hybrid embryo was; what
have we done before? What does it look like? Just to
put a plug in here, the Academy of Medical Science
has spent a lot of time putting together a really
authoritative report which I hope informed the
government as it got closer to the stage of legislation.
You have to use the independent bodies, the British
Academy, the Royal Society, Academy of Medical
Science, to put together people who can give you the
best view about what the science is telling you today,
what is real and what is not. That is really important
because otherwise you end up on a wild goose chase
when you do not need to.

Q473 Lord Broers: I am interested in large IT
systems and their success or failure. Sir Alex, you
seem quite optimistic but what went wrong? Why was
an incompetent contractor appointed in the first
place?
Professor Sir Alex Markham: Looking back as an
outsider, the problem was this: we were trying to
develop in Britain something bigger and more



Processed: 29-06-2009 20:47:34 Page Layout: LOENEW [E] PPSysB Job: 414097 Unit: PAG1

244 genomic medicine: evidence

16 July 2008 Professor Sir John Bell and Professor Sir Alex Markham

complicated than had ever been done anywhere
before. We were perhaps too optimistic. What we
have not done well is to say, “Let us build something
that works for this corner of Britain because if it
works there it will probably work almost everywhere
else.” We tried to implement this big bang solution.
When you do that and you are putting in front of IT
suppliers potentially the biggest contract that they
will ever see, they have to get them. There is not going
to be another one of these come along any time in the
foreseeable future. If they do not get the contract and
their competitor does, they are eVectively out of
existence. I suspect that the companies were complicit
because they said, “We will tell you we can make you
one of these even though we are pretty sure we cannot
because we cannot aVord to admit that we are going
to struggle.” I think there was a bit of an unholy
interaction, the Department of Health wanting to do
something from a completely zero base in IT terms
and suppliers being desperately keen not to be
excluded from the party. One hears lots of anecdotes
about the attempted renegotiation of contracts when
it becomes clear that the company cannot deliver
what they have contracted to do for the amounts of
money that they have contracted to do it for.
Everybody is in a blame culture then. There is not
really someone to blame. It is a failure to recognise
that the challenge being taken on was beyond both
parties. We are just not very grown up about the way
we do those things, I do not think. You can make the
commercial world behave in really bizarre,
unacceptable ways but I think we are past that. The
relationship that Connecting for Health has with
suppliers is pretty positive. I am optimistic. You are
perfectly right and at liberty to say, “I think your
optimism is misguided”, but I do not think it is right
now. The way that the technology is developing will
get us out of one or two holes that we have dug for
ourselves.
Lord Broers: In my experience of these systems,
success or failure depends almost solely on whether
you have defined the system properly in the first
place. That generally does not happen. When the
supplier comes back and says, “That is not a
reasonable thing to do” then you start churning and
changing the specification for the system and then
you have chaos. That is very diYcult. You are right;
it is an interaction that should take place before the
contract is placed.

Q474 Chairman: We have had longer than our
normally planned session because both of you were
full of information that we needed. Before I finish, if
you have any other issues that you feel you would like
to submit further evidence to us about, please feel free
to do so. It will be regarded as the oYcial evidence. I
always ask this question to all witnesses at the end
and I will ask you the same question. What two
recommendations would you like to see in our report?
Professor Sir John Bell: I would like to see you
encourage this idea that the UK becomes the
laboratory for clinical utility testing and diagnostics
because I think that has all kinds of benefits, from the
private sector to the public sector, for patients and
doctors. That would be interesting. The other one
relates to the question around what does the future of
a molecular pathology lab look like. I think this is
really pivotal. For cost eVectiveness reasons, that
really needs some very careful deliberation. If you get
that right, it will help drive this agenda and get it
much more used in the clinical arena.
Professor Sir Alex Markham: Sir David Cooksey’s
recommendations about OSCHR and the integrated
working of MRC and NIHR have, possibly
inadvertently, provided the nation with a structure
that ought to enable us to think strategically about
some of the new developments that we have discussed
today in real time. Rather than your Lordships
having to convene every five years with a sense of
impending doom and disaster, OSCHR should be
charged to make sure that there is some strategic
thinking going on constantly about genetics and its
place in the health system. The structures that have
been built over the last 12–18 months in and around
OSCHR are well designed to do that. Of course, I am
conflicted because I have been part of that, but I
think we have an oversight capacity now that we have
never had in this country before to take the hot
science into the clinic when appropriate. All of that
crystal ball gazing we have tried to do for you this
morning you cannot do and make a policy. You have
to push that into a body that is looking at that all of
the time and making changes as appropriate when the
technology matures. I would, on his behalf, put in a
good word for him. Maybe you should give him a bit
more power.
Chairman: Thank you both very much indeed. You
have been very helpful.
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WEDNESDAY 15 OCTOBER 2008

Present Broers, L Perry of Southwark, B
Colwyn, L Taverne, L
O’Neill of Bengarve, B Warner, L
Patel, L (Chairman)

Memorandum by the Institute of Medical Genetics, Cardiff

Overview

The Institute of Medical Genetics was founded in 1987 and comprises The Department of Medical Genetics,
CardiV University and The All-Wales Medical Genetics Service. Its name was chosen to reflect the wider
implications of genetics in medicine, rather than just clinical genetics.

This document provides information relating more to developments and opportunities in genomic medicine
in Wales and seeks to compliment rather than reiterate evidence provided by relevant UK professional bodies
including the British Society for Human Genetics (BSHG), the Joint Committee on Medical Genetics (JCMG)
and Royal Colleges, although aspects of the development of genomic medicine as they apply to the whole of
the UK are discussed. Whilst research, translation and service application of genomics in medicine in Wales
are co-ordinated with activity and policy at a UK level, the devolution of responsibilities in health and
education to the Wales Assembly Government has created a number of specific opportunities and challenges
and some unique areas of activity.

For a summary of the issues surrounding genomic medicine we would draw attention to the foreword written
by Francis Collins, Head of the Human Genome Project, in Genomics and Clinical Medicine, Dhavendra
Kumar and Sir David Weatherall (Eds). Oxford University Press (2008). [Appendix 1]

NB Where the term NHS is used in this document it should be taken to include all four National Health
Services in the UK. Use of the term NHS Wales will indicate where the item is specific to the NHS in Wales.

1. Policy Framework

Who is in charge of setting and reviewing policy in this area?

Who provides scientific advice on policy development? Who monitors and anticipates potential scientific developments
and their relevance to future policy? How effective are these mechanisms?

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

How does the framework compare internationally?

1.1 The devolution of responsibilities for health and education to the Wales Assembly Government (WAG)
has lead to some divergence from England in the setting and reviewing of policy, including policies for research
and teaching in the University sector and the strategic prioritisation, development and commissioning of
health services in the NHS.

1.2 Scientific advice to WAG, and the monitoring of scientific developments comes largely from a small
number of experts working in the field in Wales in the academic and NHS sectors and from horizon scanning
activity by the Wales Gene Park that has an external advisory board of experts from outside of Wales. Medical
Genetics has a representative on WAG’s Welsh Scientific Advisory Committee (WSAC: Prof Julian Sampson)
and on WSAC’s Laboratory Services Sub-Committee (LSSC: Dr Ian Frayling). Dr Frayling also represents
Laboratory Genetics on the Pathology Modernisation Forum in Wales. The Chief Medical OYcer for Wales
has a representative on the UK Human Genetics Commission (currently Professor Angus Clarke).
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1.3 We believe that the current UK regulatory and advisory framework performs well in relation to its roles
relating to the development and translation of new technologies but that there are important gaps in
completing translation via service implementation and ongoing assessment. Specifically, while the
development and scientific evaluation of new technologies and tests may be undertaken adequately (in the
academic and commercial communities) there has been less success in evaluating the costs and benefits of these
technologies in the health delivery setting (eg within the NHS) where local as well as generic issues may be
important. Improvement in this situation requires better integration of health service research, health
economics and the social sciences. In Wales this major challenge is being addressed to some extent through
work (including joint projects) of centres of expertise including the Wales Gene Park (funded from WAG) and
CESAgen (the Centre for Economic and Social Aspects of Genetics, with funding from ESRC) at CardiV
University and the Genomics Policy Unit at the University of Glamorgan.

1.4 In Wales, public engagement projects are run by the Wales Gene Park and research projects that address
the ethical, legal and social issues (ELSI) are mainly run in Wales by CESAgen and through the Institute of
Medical Genetics. Their experience and findings are reported to WAG and to DH and UK Government bodies
(for example the Human Genetics Commission and HFEA). Examples of projects include a Citizens’ Jury on
designer babies, a DH-funded project on hereditary deafness, projects on genetics and insurance and a
Wellcome Trust funded drama project for Schools on genetics, mental health and identity. These initiatives
have revealed considerable public interest and liberal attitudes to the application of genetic technologies in
health settings, especially amongst the young.

1.5 Most practitioners consider the regulatory framework in the UK to be well balanced. In common with
other areas of rapid technological change, guidance from regulatory bodies is often “playing catch-up” with
newly emerging research possibilities and the maintenance of an active dialogue between parties is essential.

2. Research and Scientific Development

What is the state of the science? What new developments are there? What is the rate of change?

2.1 Technological developments in genomic science are advancing rapidly, but here we focus on NHS-related
R&D, as submissions from other bodies will consider R&D in academia and industry. New platforms for
analysis are becoming available, such as next-generation sequencing and high density arrays (“DNA chips”).
Existing sequencing platforms used in NHS regional genetics laboratories have a capacity for ca. 100,000 bp
per day, although rather less than this is analysed, because there is a limitation on how fast data can currently
be interpreted by Clinical Scientists. Next generation sequencing platforms could be generating millions of bp
of DNA sequence per day. Similarly, DNA arrays (as used for comparative genomic hybridisation) have
rapidly advanced of late, from 3,500 probes, to 32,000, and now up to 1.2 million or more. But, as data
production methods are increasing the amount of analysable data, so investment will need to be made in IT
and data interpretation software, as well as the genomic data-gathering equipment, plus the staV to carry out
this work, for any benefit to be seen by patients.

2.2 It should be noted that most work on technological development of platforms is currently directed at the
research end of the market, but manufacturers are aware of diagnostic needs and moreover would wish to work
closely with the NHS to develop diagnostic methods, and the NHS wishes to reciprocate. Indeed, because of
the NHS the UK is probably in one of the most advantageous positions in being able to oVer manufacturers
a favourable environment in which to assess and develop products, and the Institute in CardiV would wish to
play its part.

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

2.3 The National Genetics Reference Laboratories (NGRLs) in England (Manchester and Wessex) have
limited resources, and they are doing what they can to co-ordinate work on developing new technologies such
as high density arrays and next generation sequencing. The All-Wales Medical Genetics Service, recognising
the essential nature of developing new technologies and methods, has always invested some resources in having
a small NHS R&D Genetics Laboratory, which strategy has proved most useful, especially when combined in
recent years with the resources of the Wales Gene Park. We would wish to stress, however, that this is minimal
resources, and developments in the wider field of genomic medicine must include co-ordinated investment
across all four of the National Health Services in the UK. Political and administrative barriers must be set
aside to achieve this for the greater good.
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How effective is the policy and investment framework in supporting research in this area?

2.4 It is problematic. Funding of development work in the NHS in England has barriers (as described in the
submission from the JCMG), but funding in Wales (through eg the Welsh OYce of R&D) suVers through being
low in comparison with England and Scotland. In addition, clear direction needs to be given that funding for
the development of diagnostics is included in the remit of governmental research-granting bodies. The
investment framework also needs to change, to recognise and reflect the fact that this rapidly advancing
technology is obsolescent almost as soon as it is installed, and NHS rules regarding eg capital charges, make
it a high risk enterprise for individual NHS Trusts to invest in such technology. As has recently been proposed
in Scotland, a rolling system of capital replacement would be an excellent option, and if central support for
capital charges could be obtained, so much the better. As a fraction of the total amount of capital in the NHS
it would be very small, and thus a special case for its treatment would not be destabilising, rather it would
highlight the special and particular nature of the area.

How does research in the UK compare internationally? How much collaboration is there?

2.5 Research in the UK in this area compares well with the best in the world. There is considerable co-
operation and collaboration, and professional bodies such as the Association of Clinical Cytogeneticists
(ACC), and the Clinical Molecular Genetics Society (CMGS), under the umbrella of the British Society for
Human Genetics (BSHG), are in an advantageous position within the NHS second to none. However, this is
dependent on the administrative and political barriers between the four NHSs being addressed. The Institute
of Medical Genetics in Wales works as closely at it can with eg the NGRLs in England, but, for example, funds
provided to the NGRLs are not allowed to pass into Wales and vice versa: rather “equivalent funding is
expected to follow in the devolved countries” which does not always happen. Development of genomic
medicine in the UK is a matter for the whole UK.

What are the current research priorities?

2.6 The two NGRLs in England are doing some work on next generation sequencing and high density arrays,
but their resources are strictly limited. Equivalent resources in Wales, such as they are, are directed to co-
ordinate with and complement the NGRLs’ activity, but currently this is largely directed at genetic, rather than
genomic medicine.

What is the role of industry? How much cross-sector collaboration takes place?

2.7 The role of industry is critical, as the nature of the technology means that the NHS itself is in no position
to develop it independently, even if it had the resources. Co-operation between industry and the NHS is
essential, but NHS resources to collaborate with industry are at best miniscule, if only because actual and
perceived rules, such as commissioners not being allowed to fund “R&D”, create huge barriers to progress. If
R&D were regarded more as R, D & S, indicating “Research, Development and Service”, that might help
break down this barrier. Research then would be thought more of the remit of research funding bodies, and
D&S rightly the remit of the NHS.

2.8 Much mention is currently made of translational research, without much definition of what is actually
meant. From an NHS perspective it means the development of a diagnostic test that can actually be provided
to patients, not a research paper in a scientific journal presenting a new gene. Once the basic work has been
done, an individual accredited service laboratory has to do a considerable amount of work in, often,
completely redesigning an analytical method used in research to suit it for patient diagnostics. This is a crucial
area of activity for which the NHS makes minimal provision in support and funding. It is not something that
can be delegated to national laboratories, rather it is the responsibility of each and every service laboratory,
or rather each Trust’s pathology directorate, certainly those in major teaching centres.

3. Data Use and Interpretation

Is genomic information published, annotated and presented in a useful way? Should there be a common, public database?
If so, who should fund, and have responsibility for, such an initiative?

3.1 There should be central co-ordination of databases, made available publicly. Funding for any such
enterprise should be provided in perpetuum, so must be as secure as possible. The NHS has a Diagnostic
Mutation Database (DMuDB) run out of resources allocated to the NGRL in Manchester, but this funding
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is short term and unsecured, and only covers some aspects of genetic, not genomic data. From now on, genetic
and genomic data will be required for healthcare, hence the need to provide for it eVectively on a permanent
basis. The Human Gene Mutation Database (HGMD; (www.cardiV.ac.uk/img/hmd) is run by Prof David
Cooper and his team in the Institute in CardiV. HGMD strives to standardise, organise and record all data on
published mutations associated with human phenotypes. However, it is obliged to exist on short term monies,
by partnership with a private company in Germany, but it is thus vulnerable because of commercial ownership.
In terms of co-ordination and forward thinking, the International Society for the Investigation of
Gastrointestinal Hereditary Tumours (InSiGHT) is actively working towards a means of presenting the
contents of a number of related international databases on a single website: such databases containing eg
information on mutations, interpretation of mutations, associated scientific literature, pathology.

3.2 There are few dedicated journals in which new information on medical and health applications of genomic
science and technology is published. By contrast, several journals are aimed at basic biotechnological research
covering a range of genomes. Examples include Genomics (Johns Hopkins University Press) and Genome
Research (Cold Spring Harbor Laboratory Press). For material that could be ascribed more generally to
genomic medicine, the Institute of Medical Genetics in CardiV has taken the initiative in launching a new
quarterly biomedical journal Genomic Medicine. This is published by Springer and the first issue appeared in
September 2007 (www.Springer.com/journals/biomed/11568 ). The remit of this journal is broad and covers
all aspects of medical and health applications of genome science and technology.

Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data?

3.3 No. Complete integration of the electronic patient record (EPR) and laboratory information management
systems (LIMS) must occur, and this must include communication between LIMS in diVerent Trusts and
NHSs. The NGRL(Manchester) has done a considerable amount of good work in co-ordinating genetics
LIMS across the UK, but funding for the local implementation of LIMS is left up to individual Trusts, so it
is patchy, and risks ineYciency and inequality. Within Wales much progress is being made in health service IT,
and in particular having a single LIMS across the whole country, linked to a single web-based clinical portal.
We would urge those involved in NHS IT in England to benefit by seeing what is being achieved in the
Principality.

How should genomic data be brought together with other health information?

3.4 As with all other clinically relevant data, within the electronic patient record. However, there is an extra
dimension in this, as genomic data is genetic data, and biological relationships must be provided for within
the various NHS IT system/s. And all various IT systems within the NHS must be compatible, co-ordinated,
and speak to each other.

What are the implications of the generation and storage of genome data on personal data security and privacy, and on
its potential use or abuse in employment and insurance? How should these be addressed?

3.5 The are, of course, implications for medical confidentiality of genomic and genetic data, but there is no
good reason to exceptionalise genomics or genetics. NHS IT system/s should continue to be developed so as
to maximise the confidentiality of all medical data, but at the same time actual and perceived barriers between
Trusts and the individual NHSs in the UK must be overcome. It should be at least as safe for two doctors to
discuss an individual case by email within the NHS, as it is to speak on the telephone or write letters on paper.

3.6 In any event, data within accredited service laboratories is subject to medical confidentiality and the Data
Protection Acts, as well as a raft of Standard Operating Procedures (SOPs)—as required by the laboratory
accrediting body (Clinical Pathology Accreditation; CPA). It is thus as secure as can be under existing rules
and regulations. There is no need to increase or augment existing provisions.

4. Translation

What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

4.1 Opportunities in diagnostics, therapeutics and prognostics are presented by the increased resolution of
genomic technologies for categorising disease. Current diagnostic and prognostic categories are often defined
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very broadly, concealing genetic heterogeneity. Increasing capacity to define disease at genetic and genomic
levels is enabling progressive improvement in individualisation and targeting of treatment. In Wales major
steps have been made in relation to molecular diagnosis and individualised treatment for leukaemia and
analogous research is underway in bowel cancer (by means of MRC Clinical Trials Unit funding to Prof. Tim
Maughan, Chair of Cancer Studies, University of CardiV, in collaboration with the Institute of Medical
Genetics).

4.2 Translation to clinical practice has been the focus of reviews, commentaries and debate. The leading
editorial in the first issue of Genomic Medicine examined the evidence and described genomic medicine as the
new medical frontier for the twenty first century (Reference: Dhavendra Kumar (2007). Editorial—Genomic
medicine: a new frontier of medicine in the twenty first century. Genomic Medicine 1(1&2):3–7.

Who is responsible for translation to clinical practice?

4.3 Currently, this responsibility rests with a number of institutions and individuals, primarily within the
NHS. Individual departments, Trusts and services all play a part. Within NHS genetics the NGRLs are able
to assist. Individual scientists and academic medics do what they can, in a background of financial stricture
continually eating into what little funding there is for development work. Any industry that fails to support
its R&D activities does not survive for very long. NHS staV are ideally placed to translate genomic medicine
into clinical practice and just require the resources to do this. EVort should be put into streamlining and
simplifying the availability of funds for this within the NHS.

Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

4.4 As mentioned above, the pace of advance means that future-proofing is minimal. The NHS typically
thinks of a piece of capital equipment within pathology as being written oV in a 10 year timeframe. That items
of genetic laboratory equipment can be obsolete within less than half this time is immensely stressing to NHS
finances and Trusts, who are required to cover capital charges. This is a very great barrier to progress. It is
recommended that a rolling system of capital funding be provided throughout the four NHSs, with central
provision of capital charges, and that adequate provision also be made in recurrent funding for maintenance
charges of such equipment (for a diagnostic laboratory to maintain its accreditation, its equipment must be
maintained under service contracts—this often puts a considerable barrier in the way of acquiring perfectly
good and usable equipment second-hand from research bodies, eg the Wellcome Trust and Universities.)

How does the UK compare to other countries and what lessons can be learnt?

4.5 The UK compares well, but is perhaps not the best at translating research into diagnostics. In The
Netherlands, for example, service diagnostic laboratories are more easily able to acquire new state-of-the-art
equipment, and the staV to develop and run them. Genetics laboratory services within the Netherlands are
probably the best in the world, and it is suggested that the UK look more closely to see how they, and others,
manage this.

How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation of
such tests?

4.6 Much work requires to be done, to establish a suYcient knowledge and logic base to interpret genomic
findings for clinical use. However, it is evident that work by the likes of Prof Donnelly’s Department in Oxford,
and others, is addressing this. In such a cutting-edge area, however, it is essential that a balance be struck
between those who wish to pioneer such new services and what might be termed “acceptable medical practice”.
The public should be left in no doubt as to the risks of obtaining advice and tests from outside of the NHS,
given that such services may not be provided by experienced, trained, qualified and registered individuals
working within appropriately accredited laboratories. This has been highlighted to the HGC by Dr Frayling
and Prof Angus Clarke inter alia, subsequent to the television program The Killer in Me (ITV1 9pm Thursday
8 November 2007), but the HGC having no statutory powers is only able to oVer the advice that trading
standards law be invoked. [see also: Lenzer J and Brownlee S. (2008) Knowing me, knowing you: Direct to
consumer genetic testing. BMJ 336, 858–860.]
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5. Biomarkers and Epidemiology

In what way do genome-wide association studies contribute to the identification of biomarkers? How is the study of
genetic factors and biomarkers integrated for translational purposes?

What impact will genomic data have on data emerging from projects such as UK Biobank, Generation Scotland and
other biobanks?

5.1 The value of biobanks depends on the quality of clinical, environmental and biological data (including
genomic data) they contain. Their processes of data accrual are usually incremental. We (as others) expect the
value of the information associated with biobanks to increase over the long term. Limiting factors are more
likely to relate to resources for data analysis (particularly human resources for bioinformatics) and clinical
data quality than genomic data. Wales is making a significant contribution to UK Biobank, and the Wales
Cancer Bank is the leading UK resource of its kind for cancer research.

6. Use of Genomic Information in a Healthcare Setting

What impact will genomic information have on the classification of disease? How will it affect disease aetiology and
diagnostic labels?

6.1 Genetic information is already having a significant impact on the classification of disease. Using genetic
tests that link specific genes or chromosomal regions with disorders that follow Mendelian inheritance patterns
or that result from gains or losses of parts of chromosomes provides a robust way of defining and diagnosing
many genetic and genomic disorders.

6.2 Genomic information is also impacting on classification of many complex disorders in which gene play a
role. Psychiatric disorders have, until now, been classified on the basis of their symptoms. Genetic approaches
are likely to change this as the genes and biochemical pathways that are perturbed in these disorders are defined
enabling new and more functional possibilities for classification that may better predict response to alternative
treatments at an individual level. The Neuropsychiatric Genetics Unit at CardiV University is making a
significant contribution to research in this area and projects supported by the Wales Gene Park and CESAgen
are enabling social scientists to investigate the impact of this new knowledge on professionals and patients.

6.3 The classification of cancers is entering a period of rapid change as cancers that were previously “lumped
together” by the organ involved and histopathological characteristics are recognised as comprising several
distinct genetic sub-groups that can be defined by genetic testing and that have diVering prognoses and
treatment needs.

[See also Dhavendra Kumar (2008). Genetic and genomic approaches to taxonomy of human disease. In
“Genomics and Clinical Medicine”, Dhavendra Kumar and Sir David Weatherall (Eds), Oxford University
Press, New York, pp 75–92.]

How useful will genomic information be as part of individualised medical advice? What provisions are there for ensuring
that the individual will be able to understand and manage genomic information, uncertainty and risk?

6.4 Genetic advice is given at many levels in health care. It is not possible or desirable to restrict this. Rather,
health professionals should achieve core competencies appropriate to the settings in which they work. This
approach has been adopted in the work of the National Genetics Education and Development Centre and the
element of its work focused on genetics competencies for nurses that have been developed in Wales. However,
it is desirable to regulate laboratories that generate genetic and genomic information on individuals for their
health care. The NHS laboratories that comprise UKGTN (UK Genetics Testing Network) already work
within a tightly regulated system and link coherently with health care professionals working in the clinical
setting to ensure appropriateness and accuracy of genetic test information.

6.5 There is very little disagreement on the importance of individual genomic information as a prerequisite
for the practise of personalised medicine. This would undoubtedly require a number of provisions to be put
in place including accuracy of the genomic data, confidentiality of the data, consent for specific uses of the
data, evidence for clinical usefulness (diagnosis, prognosis, therapeutic decisions etc.), ensuring that the
individual has understood the need and limitations of the genomic information, uncertainty and risks
involved.
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6.6 Despite intensive debate and some reservations, the modern clinical practice has become “evidence-
based”. This depends on the level of evidence, nature of evidence, specific clinical circumstances and some
limitations. Nevertheless all clinicians do their best to follow “evidence-based” style of clinical practice.
Regular clinical audit cycles based on accepted standards are now routinely conducted in majority of the
clinical settings. The emergence of genomic medicine revalidates the argument in favour of “evidence-based
medicine” (Kumar, 2007). The practice of modern medicine, including health promotion and prevention of
disease, stands now at a wide-open road as the scientific and medical community embraces itself with the
rapidly expanding and revolutionising field of genomic medicine. Khoury and Bradley (2007) strongly support
the move of “evidence-based genomic medicine” and caution to avoid taking shortcuts on the “translation
highway” from genome discoveries to clinical medicine and population health. They are optimistic as genomic
medicine oVers a crucial widow of opportunity to embrace evidence-based medicine and use its tools to
conduct appropriate research and evaluation of genome-based technologies. The rapprochement of genomic
medicine and evidence-based medicine is an essential step to fulfil the promise of genomic medicine in the
21st century.

Khoury MJ and Bradley LA (2007). Why should genomic medicine become more evidence-based? Genomic
Medicine 1:91–93.

Kumar, D (2007). From evidence-based medicine to genomic medicine. Genomic Medicine 1:95–104.

Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

6.7 Yes, but such powers as are necessary could be invested in a body such as the HGC, so that they are able
to regulate activities in this area. This would have little if any impact on NHS services, employing as they do
registered, trained and experienced personnel, and utilising accredited laboratories. However, services outside
of the NHS that do not work in this fashion might thus need to justify their actions, for the protection of the
public, without necessarily stifling the development of new approaches. Simply for other practitioners to be
aware that there was a regulatory body would mean that they sought advice about oVering new services before
potentially finding themselves in diYcult territory.

What are the implications of developments in genomic technologies for the training of medical specialists and other health
professionals? Are there any gaps that need addressing? What is the assessment and planning for future needs in
capacity?

6.8 In order to realise the potential for these direct benefits to patient care there will need to be investment in
high throughput genomic technologies and changes in the training of clinical scientists to handle and interpret
large amounts of genomic data. In parallel, there is a significant educational challenge in familiarising health
care professionals with these concepts and introducing genetic and genomic information into patient care. In
Wales, the University of Glamorgan is leading on genetic education for nursing professionals in an integrated
programme of wider genetic education in the UK run through the NHS National Genetics Education and
Development Centre in Birmingham. The Wales Gene Park runs a full programme of educational events for
health professionals from across the UK and a wide range of events to raise public awareness, particularly
through schools. These measures will help to ensure that risk information relating to inherited predisposition
to disease can be communicated adequately to patients and families and understood.

6.9 Similarly, there are very considerable implications in respect of genomic medicine for the training and
education of health professionals in clinical laboratories. To understand this it is necessary to understand how
genetics laboratories are currently staVed. Laboratories in the UK are headed by Clinical Scientists of
Consultant status (NHS Agenda for Change Bands 8c–9), with test development, data interpretation and test
reporting carried out by Clinical Scientists (Bands 7–8b). Data production is by Medical Technical OYcers
(MTOs), mostly in Band 5. This structure has developed because such laboratories have grown relatively
recently from research laboratories, but it means that laboratory genetics has developed in the UK without
the development of a cadre of medically-trained genetic pathologists. Such medical input as there is to NHS
genetics laboratories is via Clinical Geneticists, who are trained as physicians, not pathologists. For genomic
medicine to progress as well as it might, the combined skills of both clinical scientists and medically-trained
pathologists will be required.

6.10 A number of years ago, pre-genomics, the medical specialty of Clinical Cytogenetics and Molecular
Genetics (aka Genetic Pathology) was set up with a view to training a cadre of pathologists specialised in
laboratory genetics. Specialist Registrar training posts were established in three UK centres (Cambridge,
CardiV and London). Despite this, there have only been four individuals trained in the specialty, one of whom
has emigrated to Australia, one is employed as an NHS clinical geneticist, one is a senior research scientist,



Processed: 29-06-2009 20:48:15 Page Layout: LOENEW [E] PPSysB Job: 418432 Unit: PAG1

252 genomic medicine: evidence

and the other is the only one employed as an NHS Genetic Pathologist—as the Laboratory Director of the
All-Wales Medical Genetics Service. Part of their remit is specifically to foster development of molecular and
genomic medicine. There are a number of individuals in the UK qualified in Genetic Pathology via an
academic route, including the Dean of a medical school and two Professors of Cancer Genetics (one of whom
was, until recently, Director General of Cancer Research UK), however, there are no NHS posts other than
the one in Wales, despite attempts by the specialty and the Royal College of Pathologists to highlight this via
the NHS Workforce Review Team and the RCPath’s Workforce Advisory Group. A number of junior doctors
were interested in training in the specialty last year, but in the absence of funding for the specialist registrar
posts, and more importantly in the absence of any funding for Consultant posts, they had to be dissuaded,
and indeed the RCPath was reluctantly obliged to recommend decommissioning of the specialty for training
purposes this year. The RCPath has made it clear that both clinical scientists and medically-trained genetic
pathologists are needed, and this is highlighted in the submission from the SAC in Histopathology.[see also:
The Future Role of Medical Graduates and Consultants in Pathology Services. RCPath 2004]

6.11 As genomic medicine progresses there will be an ever burgeoning requirement to interpret highly
complicated data in the setting of clinical care. In all other pathology specialties this is generally provided by
medically trained individuals, because it is precisely their training that allows the synthesis of data from many
streams and to put that in the context of clinical care. There is also a need to integrate genomic medicine into
all other pathology specialities (let alone the rest of medicine), and medically trained individuals with a broad
background are better placed to do this. If the NHS in Wales finds it useful to employ a Genetic Pathologist,
we would argue that this practice should be extended across the UK, but there will need to be central direction
and support in establishing Consultant posts in the specialty outside of Wales, because Trusts will inevitably
see such posts as low priority compared with more front line specialties.

APPENDIX 1

Foreword by Francis Collins to “Genomics and Clinical Medicine”, Dhavendra Kumar and Sir David
Weatherall (Eds). Oxford University Press, New York, pp viii. (2008).

A scant twenty years have passed since the word “genomics” was coined by Victor McKusick, Frank Ruddle,
and Tom Roderick to describe a new discipline. The suYx of the word derives from the Greek ome meaning
all, and aptly conveyed an intention to transition the study of heredity from a focus on single genes (genetics)
to the more global perspective of all of the hereditary material. A proliferation of other “omics” disciplines
has subsequently erupted—including proteomics, metabolomics, transcriptomics, glycomics, microbiomics,
and many more.

But genomics remains the foundation of the rest, reflecting as it does a comprehensive analysis of the DNA
instruction book. The success of the Human Genome Project has now laid that instruction book wide open.
As a result, the life sciences have been catapulted forward, and biology has now taken its rightful place
alongside physics and chemistry as a truly digital and quantitative science.

It is the application of genomics to medicine that carries its greatest promise of benefit to humankind (Francis
Collins, 2008). Here in the early years of the third millennium we can see the emerging outlines of a new
synthesis of the noble tradition of the healing arts with an increasingly precise way of understanding the causes
of disease, based on an understanding of the human genome. There are still many practicing physicians who
would say they see no evidence of genetics or genomics as part of their daily medical practice. Surely, however,
that reveals a problem with the successful communication of rapid new developments in this field, not the facts
of the matter.

The pace of progress in genomics has been astounding. Over just the last 15 years, largely as a consequence of
the tools made available through the Human Genome Project, genes have been identified for more than two
thousand inherited conditions. With recent rapid advances in the understanding of human genetic variation,
the specific hereditary contributions to common diseases like diabetes, heart disease, cancer, and mental illness
are emerging at an unprecedented rate. The very real possibility of oVering individuals who are currently
healthy a personalized prediction of future risks of illness is no longer a distant dream. And given that many
of the common disorders for which predictions are becoming possible are associated with proven means of
reducing risk through diet, exercise, lifestyle change, medical surveillance, or pharmacotherapy, the real
likelihood of widespread individualized programs of preventive medicine grows by the day. Similarly, the
ability to make predictions about the possibility of a beneficial or undesirable response to drug therapy, the
field of pharmacogenomics, is advancing rapidly, and will soon require health care providers to determine the
genotype before writing the prescription, at least for certain drugs. Many of us predict that the complete
genome sequence of an individual will become part of that person’s medical record within about ten years, at
a cost of US $1000 or less. And the therapeutics that we use in the future will likely be heavily dependent upon
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an understanding of the genomic basis of illness, leading to interventions that are both more accurately
targeted to the underlying problem and less likely to cause side eVects.

All of these advances should be welcomed by anyone interested in the alleviation of human suVering. Yet a
number of major ethical, legal and social challenges lie along the path if this vision is going to be realized. In the
United States, for example, we still lack eVective federal legislation to prevent discriminatory uses of predictive
genetic information. Major challenges also lie ahead with regard to ensuring equitable access to new genomic
technologies, especially as our medical care system seems to undervalue opportunities for preventive medicine,
focusing instead on treating disease once it has already appeared. But perhaps the greatest barrier, and the one
which this book admirably seeks to address, is an educational one. Most members of the public are interested
in genomics, but relatively unsure of the details. Seeking advice, they generally turn to their health care
providers, but many of those professionals are poorly prepared to become practitioners of this new art. After
all, most physicians have had little or no training in genetics or genomics, and will be hard pressed to quickly
acquire the scientific principles, the medical knowledge, and the psychosocial skills that will be necessary for
the successful introduction of genomic medicine.

21 April 2008

Memorandum by UK BioBank

1. What was the trigger for the creation of UK Biobank and Generation Scotland and can you describe the value and
the long-term aims of large biobanks?

In order to help assess the main causes of various chronic diseases quantitatively, it was recognised that there
was a strategic need to establish some large blood-based prospective epidemiological studies, with prolonged
and detailed follow-up of cause-specific morbidity and mortality. The likely value of doing this has been
illustrated by combined analyses (“meta-analyses”) of previous small prospective studies. For example, the
Prospective Studies Collaboration combined data from about 60 studies involving follow-up of a total of 1
million people for an average of about 12 years. It showed that some of the classical risk factors—such as blood
pressure—were much more important than had been realised. This finding has had important implications for
research strategies, patient treatment and public health policy (eg Food Standards Agency action on reducing
salt in processed food in order to reduce population levels of blood pressure). UK Biobank will allow a much
wider range of risk factors, for a much wider range of diseases to be identified, and studied, more reliably than
ever before. This will result in substantial improvements in prevention and treatment, and reduced disability and
premature death.

2. Biorepositories such as UK Biobank and Generation Scotland are expected to yield insights into the genetic basis of
common diseases. What types of insights do you expect to appear first?

UK Biobank is a classical epidemiologic study (like, for example, Sir Richard Doll’s British Doctors’ Study,
which was able to demonstrate the full health eVects of smoking by following about 50,000 doctors for 50
years). It aims to study lifestyle and environmental causes of disease, as well as genetic causes. Consequently,
there is nothing fundamentally new about UK Biobank, except in terms of;

— Size: UK Biobank is much larger than almost all other studies (for example, 500,000 participants
versus 50,000 in the British Doctors’ Study);

— Detailed phenotyping: The assessment of participants is very much more detailed than in any other
study of similar magnitude; not just questions (as in the British Doctors’ Study) and various physical
measures (such as blood pressure, as in studies that contributed to the Prospective Studies
Collaboration), but also collection and storage of blood and urine samples. These samples will allow
not only many standard assays (for example, blood cholesterol, again as in studies in the Prospective
Studies Collaboration), but also many novel assays (not just genes but proteins, metabolites, etc),
which will allow a much wider range of risk factors to be studied; and

— Detailed health follow-up: Information on participants will be obtained not only about death and
cancer through national registries (as in many previous prospective studies), but also about general
practice consultations, out-patient and in-patient hospital activity, investigations and prescribing,
which will allow a much wider range of diseases to be studied.

As a consequence, UK Biobank will provide a powerful resource for studying a wide range of complex diseases
that are of great relevance to public health. During the first 10 years of follow-up, extensive and powerful
research will be able to be undertaken on more common conditions (such as diabetes, coronary heart disease,
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chronic lung disease and some cancers). Subsequently, UK Biobank will provide a valuable resource for
research into the causes of an increasingly wide range of conditions (such as strokes, less common cancers,
joint disease and dementia).

3. How will findings that arise from biobanks be translated into clinical practice? Are there structured pathways
facilitating translation?

The role of UK Biobank is to provide a resource that helps researchers to work out the causes of a wide range
of debilitating and deadly conditions. Such evidence may then translate into both clinical practice and public
health in much the same way as the work of Sir Richard Doll on smoking or of the Prospective Studies
Collaboration on blood pressure. It may also help to identify new disease pathways that lead to new
treatments; for example, both epidemiological evidence relating blood cholesterol to heart disease risk and
genetic evidence for abnormalities in the LDL cholesterol receptor, led to the development of statin drugs to
lower “bad” LDL-cholesterol, which are now saving tens of thousands of lives each year.

4. Early in its inception, UK Biobank was criticised for the large-scale of funding required, and for the slow speed at
which recruitment was started and became established. To what extent have these criticisms been overcome?

Given the level of investment in UK Biobank (£62 million to set up the resource), it was appropriate to spend
a considerable amount of time consulting widely on its detailed planning (eg what questions to ask, what
measurements to make, what samples to collect) and then to pilot all of the procedures before starting to recruit
(including streamlined recruitment strategies, and automated sample processing and storage facilities).
Recruitment started in April 2007, 100,000 participants had joined by April 2008, 200,000 participants had
joined by October 2008, and recruitment should be completed by mid-2010—ahead of schedule and on budget.
(By contrast, the NIH estimated that it would cost about $1,000 million to set up an equivalent study in the
USA and has not been able to do so.)

5. We have heard that there are differences in the way that centralised healthcare records are organised in England,
Scotland and Wales, and that the healthcare informatics framework in Scotland works better for assisting research than
that in England. Do you agree with this? What do you see as the main differences and what makes one system better
than the others?

The ability to obtain detailed health information about participants in studies like UK Biobank, is key to being
able to study a wider range of diseases—not just those that kill (using death registries, as in Sir Richard Doll’s
British Doctors’ Study), but also the many other diseases that disable people and make them miserable (for
example, joint disease and dementia) which have been less well studied. Central health record systems are more
developed in Scotland, but it is becoming increasingly possible in England and Wales to link to some
centralised health records (for example, to Hospital Episodes Statistics but not, as yet, to GP records),
although the bureaucratic hurdles to do so are becoming increasingly obstructive to research (see point 7
below).

6. What role has Connecting for Health, or other initiatives such as the Tayside diabetes database or the Welsh
electronic healthcare system, played in bringing together healthcare information for researchers using biobanks?

See response to 5 above: The ability to obtain detailed health information for research—not just in an
anonymised or grouped format but also on identifiable individuals (with appropriate safeguards)—is key to
finding the causes of a wide range of diseases (as well as monitoring the safety of treatments and the health
eVects of other exposures). Continued government funding and support is required to ensure that the needs
of health research are integrated fully into centralised health records systems as they are developed (as is the
intention of the Research Capability Programme of Connecting for Health).

7. Are present IT systems sufficient for joining up information from different databases, or is further development and
investment necessary? How might this happen?

No, the current systems are not suYciently developed throughout the UK to allow such research to reach its
full potential. For example, the inability to link to GP records centrally means that many diseases managed
chiefly in primary care, cannot be studied eVectively in the large-scale studies that are needed. In addition, there
are serious bureaucratic obstacles to the use of health records for research—reviewed in the Academy of
Medical Sciences’ 2006 report (“Personal data for public good: using health information in medical
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research”)—which are preventing such data from being used for important health research. As is concluded
in that report, there is an urgent need to improve the interpretation of current legislation, and to produce
clearer new legislation, in order that health records can be used more eVectively for health research with
appropriate (and not disproportionate) safeguards.

8. What happens if genetic screening carried out in association with a biobank shows that an individual is at risk of
either a serious curable or incurable disease? Are the patient and other family members informed, and if so, how?

After detailed consultation with the public, clinicians, researchers, ethicists and lawyers during planning for
UK Biobank, it was concluded that potential participants would be invited to join the project on the
understanding that there were would be no feedback of their individual results to them, their families or their
doctors (or, indeed, to the police, insurers or employers). The detailed reasons for this decision are given in
UK Biobank’s Ethics & Governance Framework, and include:

— The value of such feedback being questionable, because the data would be communicated outside of
a normal clinical setting, and would not have been evaluated in the context of the person’s medical
record; and

— It might be harmful (including causing undue alarm and having potentially adverse eVects on
insurance and employment status) to provide feedback without prior counselling (which UK
Biobank would not be able to provide because the very wide range of tests that will be done
subsequently are not known at recruitment).

Instead, the overall findings and implications of results that derive from UK Biobank will be made available
to participants and the wider community so that they can influence public health strategies (including, when
appropriate, the introduction of screening for newly discovered risk factors).

9. What are the risks to privacy and confidentiality to participants and their families in biobank collections and how
are you managing them? What role do patients and volunteers play in deciding what will happen to their samples and
information supplied as part of biobank studies?

UK Biobank has put a number of rigorous procedures in place to protect the confidentiality of participants.
These include: keeping information that might identify individuals (such as their name and address) separate
in our databases from other information about the participants; computer security to block unauthorised
access (for example, by “hackers”) to the computers that hold personal information; restricting access to
personal information within UK Biobank, and having all staV sign confidentiality agreements; and removing
personal identifying details from all data or samples provided to researchers.

When they join UK Biobank, participants provide consent for their data and samples to be used for any type
of approved health-related research in the future (rather than for specific research). Subsequently, they will be
informed of the research that is done using the resource and have the right to withdraw at any time (for
example, if they have concerns about the uses of the resource). An independent Ethics & Governance Council
has been set up to provide oversight of the conduct of UK Biobank, including to ensure that the resource is
used in accordance with the consent that has been given.

10. Recent evidence suggests that an individual may be identified from their genomic profile, even if their genomic profile
is only present in summary format amongst hundreds of other individuals. What are the real risks in using and publishing
this data in medical research or when linking different databases?

There will need to be controls on access to such data (rather than making them freely available), as is the case
in UK Biobank where approved researchers will have to confirm in a formal agreement that they will not make
any attempt to identify individual participants or to contact them directly.

11. What role do biobanks have in educating healthcare professionals and patients?

Participation in such studies may well help the public to understand some of the ways in which access to health
records for research can be used to help improve their health. As discussed above (for example, Sir Richard
Doll’s British Doctors’ Study and Prospective Studies Collaboration), such studies provide information that
can influence the prevention and treatment of disease both by healthcare professionals and by wider public
health strategies.

15 October 2008
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Memorandum by Generation Scotland

1. Generation Scotland welcomes the opportunity to respond to the House of Lords Science and Technology
Committee Inquiry into Genomic Medicine. We would be pleased to expand on any of the points outlined in
this submission and to assist the Committee further in its Inquiry.

Background

2. Genome wide analysis of sequence and copy number variation is now both technically feasible and
aVordable. The success of the original Wellcome Trust Case Control Consortium study of 14,000 cases/
controls of seven common diseases is being followed by a second round of such studies on existing cohorts and
this general approach has now been widely adopted. These early studies have not only highlighted the potential
value of this research, but also the critical need for replication and validation at the population level, in cohorts
with high quality phenotypic data. Such cohorts are essential for translating genomic discovery into health
gain. Generation Scotland is poised and positioned to serve that need.

Overview of Generation Scotland

3. Established in 2001, Generation Scotland (www.generationscotland.org) anticipated the ever advancing
technological revolution in genomics. Generation Scotland is funded by the Scottish Government and the
Scottish Funding Council. The founding principle of Generation Scotland is that a co-ordinated eVort of an
inter-disciplinary team of clinicians, scientists, social scientists and lawyers at the Universities of Aberdeen,
Dundee, Edinburgh and Glasgow, in close collaboration with the National Health Service in Scotland, would
be necessary to create a sustainable genomics research programme of international standing.

4. Generation Scotland comprises several large biobank collections: (1) the Scottish Family Health Study is
a high fidelity phenotyped family based cohort (comprising 6,000 and projected to 50,000 recruits). (2) An
ancestry cohort with associated lymphoblastoid cell lines (currently 1,000 recruits, projected to 2,500); (3) a
blood donor DNA database (5,000 recruits); (4) a proteomics biomarker project; and (5) an extensive public
consultation exercise and ethics/social/legal programme generating theoretical and practical concepts, such as
benefit sharing. Generation Scotland also has a programme of capacity building in genomics, mathematical
biology, health informatics and related research.

Fieldwork

5. The Scottish Family Health Study is explicitly designed to serve as a platform for gene discovery, for
replication and for validation across a wide spectrum of health domains. Moreover, the family based structure
not only oVers substantial advantages of statistical power over population based cohorts for genetic studies,
but also provides, in the longer term, the exciting opportunity of transgenerational studies. Demographic,
lifestyle and clinical information, plus blood samples are collected from participants, along with intensive
phenotyping for a number of quantitative traits that relate to major disease areas, including cardiovascular
disease, obesity, mental health and musculoskeletal disease. Particularly worthy of mention are the unique
mental health and cognitive function phenotype. Our Phase 1 data suggest 26 per cent of participants require
formal SCID interviews for major mood disorders. “Probands” are individuals aged between 35 and 65 years,
who are recruited with at least one full sibling and typically more, along with other first degree relatives. Larger
families (particularly groups of aunts/uncles) are targeted for recruitment, to maximise the power of the study.

6. Governance has been a key focus. An Advisory Board Chaired by Lord Sutherland and reporting to the
Scottish Government’s Chief Scientist OYce, is enshrined in a memorandum of understanding between the
four Scottish Medical Schools and the NHS in Scotland; an Access Policy is modelled on Wellcome Trust
guidelines and existing funded biobanks; and a dedicated web site provides information for researchers and
the lay public (www.generationscotland.org). Unique features of the Scottish Family Health Study include its
family base, the associated phenotype information gathered at the time of recruitment and the capacity to add
further high quality, lifetime phenotypic information by secure and confidential linkage to the NHS Scotland
electronic health record.

7. An extensive programme of public consultation has been undertaken through exit questionnaires, public
survey, consultation with Public Partnership Groups and interviews with participating families. Study
documents, procedures, SOPs and staV training were refined following an initial pilot phase, taking account
of the public consultation, plus advice from the GS Advisory Board; and international evidence emerging from
the wider ethical, social and legal issues of biobanking. We are also generating theoretical and practical
concepts, such as benefit sharing, relevant to Generation Scotland and other biobanking proposals;
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8. Generation Scotland sees knowledge transfer of genetics into the clinical community as key for the future
adoption of genomic science. The Scottish Genetics Education Network (ScotGEN) is an extant group of
healthcare professionals, university academic staV and computer scientists involved in genetics education for
nurses, midwives, doctors and other health professionals in Scotland. Funding in Phase 1 was used to co-
ordinate the development of computer delivered education in genetics for healthcare professionals in Scotland.
Two components were delivered: (i) the mapping of existing materials to core competencies and specification
of work required; and (ii) design of four teaching modules delivered in an e-learning format.

9. A secure informatics environment developed as a service-oriented architecture including re-usable services
and client applications, linking with required NHS systems through mediating client applications sitting on
NHSnet; including electronic research data capture on phenotypic data and quality management applications.
Written informed consent allows prospective and retrospective linkage to routine NHS records.

10. Laboratory Integration has been implemented across the four Scottish academic centres. Key laboratory
technologies have been procured, installed and implemented, including ultra-high throughput genotyping
platforms, capable of supporting genome wide association studies and an integrated Laboratory Information
Management system, networked across all sites, to manage, govern and track all biological materials
associated with Generation Scotland projects; a secure database system and Linux analysis cluster established
for genetic analyses.

Statistical Genetics

11. Detailed simulations based upon known Scottish family demographics and recruited family structures
have been conducted. These confirm the theoretical added power of family based studies to test quantitative
trait hypotheses. They also provide a clear protocol for optimizing resource allocation in recruitment of family
structures.

We would like to make the following general comments in response to the questions and issues raised by the
committee.

12. Policy Framework

For researchers, the policy framework is complex, with a large number of bodies, both European and UK,
involved in setting and reviewing policy relevant to issues that impact upon genomic medicine. This is a
congested and rapidly moving area. The Health Departments and statutory bodies such as the Human
Fertilisation and Embryology Authority play a lead role. They are supported by numerous Government
advisory bodies such as the Human Genetics Commission. The MRC, post-Alderhey and increasingly, the
Wellcome Trust have taken a lead in policy development around biomedical research, particularly in the area
of access and governance of bio resources. Other charitable bodies such as the NuYeld Council on Bioethics
have made key contributions as well as professional bodies including the Academy of Medical Sciences.
Internationally, P3G and HUGO play a major role.

For researchers, translation of policy into “best practice” that is clearly in the public good is a key priority.
Generation Scotland has therefore been fortunate to benefit from the Generation Scotland Advisory Board
(GSAB). This is an independent body, accountable to the Scottish Government, which advises the Generation
Scotland Scientific Committee on policymaking so that Generation Scotland practices and resources are used
to the best advantage of participants and the wider community. GSAB is chaired by Lord Sutherland of
Houndwood.

The five GSAB members were appointed by the Health Minister on the basis of open competition and
following Nolan procedures on public appointments. Between them they have an impressive breadth and
depth of experience in law, ethics and genetics.

13. Research and Scientific Development

What is the state of the science? What new developments are there? What is the rate of change?

Genomic science is rapidly evolving, with ever lowering costs, increasing sensitivity and specificity. Whereas
assembling the consensus human genome sequence required international eVort over a decade and at a cost
of around $1 per base, or $3 billion total, the next generation genomic technologies promise whole genome
resequencing at around $1,000 total.
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Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

National funding agencies, such as the NIH, MRC and Wellcome Trust play a key role, not least in
coordinating major research infrastructure initiatives, such as the HapMap (an average genetic profile of
major ethic groups that can make population genetic studies more eYcient and cost eVective), the 1,000
genome project, which aims to resequence in full the genomes of 1,000 representative individuals, and the
EUCOM and KOMP projects, which will genetically engineer a mutant mouse for every gene in the
mammalian genome. New technologies are generally borne in academia, but then rapidly commercialized.
Marker leadership is only assured by innovation. There is a close relationship between the major genome
centres and industry as they serve as the alpha and beta testing centers for next generation genomics tools.

How effective is the policy and investment framework in supporting research in this area?

Investment in biobanks is costly and requires long term investment and is thus not entered into lightly. The
idea however of a “one size fits all” study, is unrealistic and misses the point and indeed the scale of the
opportunity. The need for multiple themes and rounds of investment is being recognized, for example by the
Wellcome Trust in funding a second phase of genome wide case-control studies. Whilst supportive in principle,
it is not clear the MRC budget provides the flexibility and head room to be proactive beyond the UK Biobank
and other established commitments.

How does research in the UK compare internationally? How much collaboration is there?

The UK was a lead player, technically, scientifically and financially in the Human Genome Project. The UK
has arguably taken the lead internationally with the UK Biobank and the Wellcome Trust Case Control
Consortium. There is a high level of international collaboration, through EU Frameworks 5, 6 and now 7.
There have been high level collaborations between the UK (in particular the Wellcome Trust) and the US
(NIH). International organizations such as HUGO and P3G play their part, but as non-funding agencies, they
have a limited agenda-setting role.

What are the current research priorities?

To identify genetic variants that modify disease risk across all relevant medical domains of unmet need,
including mental health; to do so at the individual, family and population level; to translate such genetic
information into understand of the biological underpinning of disease; to use that understanding as a platform
for preventative medicine and rational therapy.

What is the role of industry? How much cross-sector collaboration takes place?

Industry as a technology provider is essential, as is a competitive market for the introduction and application
of innovative technologies. The traditional role of industry in drug target discovery and development has never
been under more pressure than currently as blockbuster drugs inexorably move oV patent. The flow of new
molecules to the market place has slowed despite increasing R&D investment. The “merge-to-survive”
philosophy of recent years has been a sticking plaster on the problem. Pharma have largely ignored the
genomics driven concept of personalized medicine. Biologics, largely the product of academia and biotec spin
outs, herald a new era, but will depend upon core pharma “know how” and financial muscle to solve
production and formulation issues and work their way through ever increasing and costly regulatory hoops.
Partnership with healthcare providers who can provide access to well phenotyped and genetically stratified
patient groups to improve clinical trial eYcacy and reduce Phase 2 attrition will be invaluable.

14. Data Use and Interpretation

We propose that the accurate, reproducible characterization of phenotypic data and environmental exposures
are of equal importance to DNA sequence data if genomic medical research is to reach its full potential. The
availability of longitudinal datasets that allow genotypic/phenotypic linkage are key. Scotland has a
longstanding, international reputation in using record linkage of medical records for epidemiological, genetic
and clinical trial research. Compared with the rest of the UK, data quality is high, the centralisation of data
in NHS Scotland is eYcient, and the comprehensive computerisation of routine clinical data, alongside the
mandated use of a unique patient identifier (the Community Health Index, CHI) for all health episodes, means
that access to data for research is becoming easier and costs are falling. Building on these strengths, Generation
Scotland has been the catalyst for an informatics work stream on the quality, quantity and governance of
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research using electronic patient records. Developing existing strengths in Scotland and extending them via
the NHS CfH Research Capability Programme will enable research to achieve its full potential as a “core”
activity for healthcare. This is essential if the United Kingdom is to keep pace with or even surpass similar
research programmes elsewhere, particularly in Scandinavian countries. Generation Scotland has therefore
brought together leading Scottish groups in record linkage; epidemiology; social science; legal and ethical
issues; health informatics and clinical trials design and execution. This has allowed linkage of genomic data
to routine clinical data for studies of pharmacogenetics as well as GWA studies of common phenotypic traits.

15. Translation

What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

The promise in this area is very high. Indeed, it would be an unimaginably wasted opportunity if genomic
diagnostics, therapeutics and prognostics did not become available widely and quickly. We are already seeing
the first oVerings in the field, with biologics matched to genetic tests. Increasingly these tests will become
indirect—a “genomic” version of a blood glucose “dip stick” test, if you like—where the test is a measure of
a gene product rather than of the genetic material itself.

Who is responsible for translation to clinical practice?

Unless there is a radical societal change leading to Government commissioned (or philanthropic sponsorship
of) health product development, this will remain a complex and uncertain negotiation between invention and
IP protection; clinical need; willingness to pay; and the need to oVer shareholder value.

Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

As suggested above, by the very nature of the field, which is currently in R&D and “discovery” mode, there
is no “one size-fits-all” investment. There is however no obvious challenger to genomic medicine.

How does the UK compare to other countries and what lessons can be learnt

As suggested above, the UK compares favorably, but there is no room for complacency. Indeed, as with many
previous examples of UK technology leads, there is a very real danger that the commercial benefits will fall to
others. The level of inward investment in academic lead R&D is low compared to North America and to the
national level of investment being made by, for example, Singapore, South Korea and China.

How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation of
such tests?

As discussed above, genetic tests for common complex disorders, where risk is shared between multiple genetic
risk factors, will be of a diVerent class and utility from those that are definitive for rare, single gene, “all or
none” inherited conditions. In the internet era, genetic “testing” is all but impossible to regulate. That does not
mean that there should not be tight regulation of UK providers, where the emphasis must be on the underlying
evidence base, QA, QC and how the results should be interpreted.

16. Biomarkers and Epidemiology

In what way do genome-wide association studies contribute to the identification of biomarkers? How is the study of
genetic factors and biomarkers integrated for translational purposes?

This has been broadly addressed in the foregoing.

What impact will genomic data have on data emerging from projects such as UK Biobank, Generation Scotland and
other biobanks?

We have summarized this above for Generation Scotland.
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17. Use of Genomic Information in a Healthcare Setting

Although this research is at a relatively early stage, it is likely that many diseases (such as asthma, diabetes and
schizophrenia) will be re-classified based on molecular factors that aVect prognosis and response to treatment.

With few exceptions, genetic testing for individualized medical advice is unlikely to be routinely available for
many years. Any gene that is found to be associated with a clinical condition (or a response to treatment) needs
first to be replicated in other population-based studies, quantified for its contribution to the condition in
question (alongside other genes and environmental factors), validated in a clinical setting, and
commercialized. As well as education of the public in the meaning and interpretation of genetic findings, there
must be extensive education of health professionals. These can proceed in parallel, but are both in their infancy.

Because of the need for replication, quantification and validation, there should be regulation of the marketing
and use of genetic testing arising from new research. Without this, there is considerable risk of producing
misleading results and causing anxiety and mis-treatment.

The results emerging from genetic research will introduce new concepts of disease and illness, and, eventually,
the possibility of genetic testing and decision-making based on the results of these. This will be very new to
most health professionals. It will be of a diVerent class to that which currently operates for highly heritable
and disabling disorders for which future reproductive planning is an important part of the genetic testing. For
the common complex diseases researched through biobanks, genetic testing will be more about modifying risk
of developing symptoms and of optimizing treatment choice as and when symptoms manifest. There is little
research on the prospective needs for training and education of health professionals in this area. Such research
as there is suggests a perceived major gap in knowledge and the ability handle the resultant uncertainty. More
research in this area is needed, urgently.

15 October 2005

Examination of Witnesses

Professor Rory Collins, Chief Executive Officer and Principal Investigator, UK Biobank, Professor

Andrew Morris, Professor of Diabetic Medicine, University of Dundee and Chairman of the Generation
Scotland Scientific Committee, Professor David Porteous, Chair of Human Molecular Genetics & Medicine,
University of Edinburgh and Founder of Generation Scotland and Professor Julian Sampson, Head of

Medical Genetics, University of Cardiff, gave evidence.

Q475 Chairman: Good morning, gentlemen and
good morning to the members of the public and for
those members of the public there is information
about the interests of the Members of the inquiry in
the papers on the desk there. Can I welcome our
witnesses today; we are very grateful to you all for
taking the time and trouble to come and help us with
our inquiry. The procedure will be that if any of you
want to make an initial brief comment or statement,
please do. Have you agreed that one of you will
handle the question, divided up, or are you going to
be individuals? I had assumed you would all be
individuals.
Professor Porteous: Yes.

Q476 Chairman: Take the questions as they come
and anybody can chip in. You will be aware of some
questions and there might be supplementary
questions as the Members feel them appropriate to
ask. Do any of you want to make any initial
statements or comments? No. We will then go
straight into the questions and let me start. First of
all, what was the trigger that created the UK Biobank
and Generation Scotland and what do you think is
going to be the value in the medium-term and long-
term of these biobanks in terms of public knowledge
and healthcare?

Professor Collins: I can speak for UK Biobank.

Q477 Chairman: When you speak for the first time
would you say your name for the record?
Professor Collins: My name is Rory Collins; I am the
Principal Investigator and Chief Executive of UK
Biobank, so I can speak for UK Biobank. UK
Biobank is, I think, quite diVerent from Generation
Scotland; it is more of what I would call a classical
population study where we are looking at all of the
diVerent kinds of risk factors for disease—the way
people live, the environments in which they live as
well as their genetics, and seeing how those diVerent
factors can interplay to determine whether or not one
person does get a disease. It is much like, for example,
Sir Richard Doll’s study of smoking in 50,000 British
doctors, which showed over a 50-year period the full
eVects on health of smoking—not just on lung cancer
but many other types of cancers, heart disease, lung
disease, etcetera. So we are not just interested in
genetics, we are looking at the whole range of
exposures. There was this realisation over the last 10
or 15 years that many of the risk factors that we were
looking at need much larger studies to understand
their full eVects and, in particular, how they
interacted with each other. So Richard Doll was very
lucky; he was looking at smoking, which produces
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very big eVects. But for genetic factors and for many
other factors, their eVects are quite modest;
particularly when you look at how they interact with
each other you need very much larger studies than
were customary in the past. We have demonstrated
that by combining smaller studies, for example
smaller studies of the association of blood pressure
and disease, it was possible to show that blood
pressure was much more important as a cause of
heart attack and stroke—not just in middle age but in
old age—and indeed the eVects of blood pressure
continue down throughout the normal range. That
has had a very big impact on, for example, the Food
Standard Agency’s policy on reducing salt in
processed food in order to lower population blood
pressure because we now know from putting together
these studies that lowering blood pressure in what we
call the normal range will lower the risk of heart
attack and stroke. So there has been an increasing
realisation that we need much larger studies to
understand the full eVects of these diVerent factors
that led to studies like UK Biobank.

Q478 Chairman: So is the size of the cohort
adequate?
Professor Collins: No. The bigger the study the more
valuable it will be in terms of determining the ill
eVects of diVerent risk factors. The combination of
diVerent studies of blood pressure that I have
mentioned, involved a million individuals and even
there, when you started to look within diVerent
circumstances at diVerent ages or when you looked at
the combination of diVerent risk factors, you start to
run out of information. Because it is not the number
of people in the study that actually gives you its
power to study the risk factors, it is the number of
people who (unfortunately) develop any particular
condition, and even for the commoner conditions
half a million people will be barely adequate. For the
rarer conditions we will have to wait a long time until
enough people have developed the condition of
interest, whether it be joint disease, dementia,
whatever, to be able to study it really reliably. But it
is a very good start and there are a number of such
studies going on around the world, so that by
combining the data from those studies we will be able
to unpick the risk factors to a greater extent than we
can in any one study.

Q479 Chairman: So are these studies in other
countries with which you might amalgamate the
information all collecting a similar type of
information?
Professor Collins: Similar but not identical. There is a
programme going on called P3G, which is trying to
harmonise diVerent studies of the association of risk
factors in genetics with disease.

Q480 Chairman: In case we do not all understand
the abbreviation.
Professor Collins: Public Population Project in
Genomics (P3G) is about looking at studies of
genetics and other risk factors in combination. For
example, there is a study of half a million people in
China that has recorded similar information to UK
Biobank about people’s risk factors and exposures.
This will be very interesting because in a way the
Chinese are where we came from in terms of
cholesterol levels—they are much lower; similarly,
their body mass index, their weight, is much lower. So
we can look at the lower extremes of these exposures
which we cannot really study well in Britain.

Q481 Chairman: What is the size of the study in
Japan?
Professor Collins: In Japan? I am not sure of what
studies in Japan you are referring to.

Q482 Chairman: Perhaps somebody else might help?
Professor Porteous: David Porteous, University of
Edinburgh and Generation Scotland. To the best of
my knowledge there are many countries that are
starting to think about setting up similar sorts of
studies but there is not one which compares with the
state that the UK Biobank or the Kadoorie Study in
China has reached.

Q483 Chairman: So what is the diVerence between
Generation Scotland and UK Biobank?
Professor Porteous: I think there are important
diVerences. There are also important similarities and,
more importantly, it is the synergies that we have
been looking at. You might say you have just heard
that 500,000 participants of the UK Biobank is
insuYcient, or we would like more is perhaps the way
that we would put it, and you might ask what can
50,000 Scots tell us if 500,000 UK citizens cannot?
The crucial diVerence is that rather than asking for
single members of the public to come forward to the
UK Biobank we are asking families to come forward
to work with Generation Scotland. We are doing that
because we are primarily interested in the way that
genetic risk factors are involved in determining not
just disease end points but risk factors that are
associated with disease trajectories. So we have
talked a little bit about cholesterol levels and that is
something that you can measure and measure over a
range but the question is, what influence do genes
have on setting that level and modifying it on their
own and in relation to the environmental exposures?
We would like to know whether or not high
cholesterol in a mother or father is transmitted and,
if so, to what extent to your oVspring; and we would
like to be able to see the diVerences in the exposures
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of the parents in their lifetime, how they compare to
the exposures of children, as they grow, through life.
So that is why Generation Scotland has those sides to
it: our study is to look at the eVects as it passes from
one generation to another; and it has a trans-
generational component to it, anticipating the fact
that research we do today is going to be of the most
value to the next generation. That is the kind of
timeframe that we should be thinking about.

Q484 Chairman: What is the size of the cohort?
Professor Porteous: We are aiming to collect 50,000
individuals in one of the three studies that we are
doing under Generation Scotland. I will briefly
mention the other two, just for clarity. We have, as I
say, three studies. One of the studies is simply to
collect a very large number of well controlled subjects
and that we have done through the Scottish National
Blood Transfusion Service. So we have collected
5,000 samples from fully consented blood donors and
have from them blood which we can use to do the
genetic tests, but also plasma from which we can do
bio marker tests. So that will be, if you like, a general
population-wide control sample set that anyone who
has appropriate ethical approval can come and use as
a reference centre. We also have a smaller set of
individuals—2,000 we are collecting—where we have
not just parental origin but also grandparental origin
and here we want to look more at the profile of the
Scottish history. So we are selecting those individuals
from a number of diVerent discrete geographical
locations where we have grandparental history—
born in the same region—and we will be able to ask
are there diVerences even within Scotland in terms of
the profile of genetic factors and their relationship to
health trajectories. That material will also include
collections of samples that will allow us to establish
cell lines. The importance of that is that although
your emphasis is on genomic medicine and I think
you are primarily thinking about the impact of DNA-
based genetic tests, really we are talking about a
whole suite of technologies that allow one to draw
lines between the genes, the products of the genes, the
R & E, the protein, the metabolites and the cell
building blocks of the cell, all the way on to the
functioning of tissues and organs and the whole body.
That we see as the clinical end of the spectrum. So to
fill in those gaps we need to be able to have material
that will allow us to ask questions not just about
genes but the products of the genes, so this study
helps us to do that. But the main study is the so-called
Scottish Family Health Study—and I am sure that
Andrew will add to this—and the essence there is that
we want to study families, we want to study the
segregation of genetic markers in those families and
see how they correlate with what we call quantitative

traits—that is, measureable traits that we can relate
to disease processes. By doing so in families we are
able to add statistical power that will compensate for
the relatively small sample size and in general terms
if we get the family collection right we will have more
or less equivalent statistical power to a study of ten
times that number. The reason we are doing the
family-based study in Scotland is because we can do
it and because of various other structures within
Scotland—the National Health Service for Scotland,
the record linkage system, the fact that we have a
relatively stable population so that we can follow
over the generations makes a family-based study
possible. To do so in the breadth of England and
Wales is doable but more complex and challenging in
terms of being able to do the family history work and
to keep track of those individuals because it is a more
mobile population. I hope that gives you a feeling for
the contrast.

Q485 Chairman: Thank you, it does. Professor
Morris, did you want to add anything about the
study?
Professor Morris: Andrew Morris, University of
Dundee and Generation Scotland. I think we are in a
rapid transition phase where we are going through a
discovery of rare variants with a large eVect in terms
of individual clinical impact to the discovery of
common variants of very modest eVect, which are
much harder to find and may have much less
individual impact, yet can yield great insights into
scientific discovery. To do this I think it is clear that
we need very, very large studies to be able to have the
power and the certainty to tease out the modest
clinical impact that many of these genetic variants
have. I think that is the basis of these large studies in
Generation Scotland and UK Biobank. You may
know that it is the 60th anniversary of the NHS this
year; it is also the 60th anniversary of study called the
Framingham Study in the United States, which in
1948 recruited 5,000 family members, yet the results
of Framingham have yielded immense insights into
classical phenotypic risk factors, such as blood
pressure, cholesterol, smoking, high blood sugar, and
we still use data derived from those original
participants in clinical practice today. So, for
example, if you go to your general practitioner, he
may calculate your future risk of cardiovascular
disease and that risk calculator is based upon those
5,000 US residents. We use it globally. So I think the
origins of these large studies are to be able to adopt
the same approach as those original Framingham
investigators, but in the genomic era, where we are
looking at very small eVects in large populations,
hence the numbers are so important.
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Q486 Chairman: So the cohort of these studies is
likely to yield an understanding of linkage between
genetic and common diseases. You are nodding,
Professor Porteous.
Professor Porteous: I agree.

Q487 Chairman: Professor Sampson, did you want
to add anything?
Professor Sampson: Professor Sampson from the
CardiV University. Another form of biobank of
course is to bank samples from individuals who are
already aVected by specific diseases and this is
complementary to the long-term prospective studies
that we have already discussed. One such initiative in
Wales is the Wales Cancer Bank, which is collecting
both tumour tissue and blood for blood DNA
extraction from incident cancer cases across Wales.
This is a project funded primarily through the Welsh
Assembly Government and charities in Wales. This is
an ongoing project to create a resource for genetic
and allied research into cancer. One diVerence from
the initiatives we have heard about is that the cancer
tissues themselves constitute an important element of
the biobank and will enable the somatic changes, the
changes in the genes that occur that drive tumour
genesis to be examined as well as the genes that
potentially predispose individuals to cancer through
the analysis of the constitutional samples. Of course
there are many other similar cohort studies underway
in relation to other common diseases that may not be
represented in studies such as Biobank or Generation
Scotland because of recruitment issues, for instance
in relation to psychiatric disorders because those
patients are unlikely to take part in these large
population-based studies.

Q488 Chairman: Thank you very much. Could you
remind us, Professor Collins, what is the current
budget of Biobank UK?
Professor Collins: UK Biobank is recruiting 500,000
people aged 40 to 69 and the budget for the
recruitment phase of Biobank and establishing the
systems for looking after the resource, particularly of
biological samples but also the data is £62 million,
coming primarily from the Medical Research
Council and the Wellcome Trust, but with funding
also from the Department of Health and from the
Scottish Government.

Q489 Chairman: So that is the initial funding; how
much more funding will be required when you get to
the stage of trying to find an association of common
diseases?
Professor Collins: It depends how good you want the
study to be. The more detailed the phenotyping—
that is, the more detailed information you know
about the participants in the study—the more

informative it will be about the range of diseases. So
we are looking at ways in which we can get even more
detailed information about a substantial subset of the
participants—perhaps 100,000 or so of the
participants in the study—which will allow us to look
in even greater detail about the relationship between
a range of exposures.

Q490 Chairman: So how much extra funding would
be required?
Professor Collins: The extra funding required to do
what we are doing at the moment, which is essentially
once recruitment is finished, to continue the follow-
up of the participants and to make the resource
available for people to use, is probably of the order
of a couple of million per year. The way in which the
resource has been set up, with a lot of money put into
an automated sample storage facility, means that
when people need to use the resource they will be able
to do so very quickly and at low cost. The money has
been spent upfront, if you like, to build an easily
accessible resource. So, for researchers who want to
use the resource the cost of doing so will be very low,
but of course the cost of the actual experiments that
they do will depend on the particular type of
experiment they want to do and funding of that
would obviously be subject to scientific peer review.
One comment I would just like to make is that the
way in which this study is designed, the primary way
in which it will be used is to wait until people develop
a particular condition. So in 10 years’ time, perhaps
10,000 people will have had a heart attack and you
would then take the data and the samples from those
10,000 and from 10,000 similar people within the
resource and you would then analyse those samples
and those data in exquisite detail. The reason I am
stressing that is that we do not measure everything in
all half million; we measure the things that really
matter in the people who are most informative.

Q491 Lord Broers: How will findings that you get
from biobanks be translated into clinical practice?
Are there structured pathways facilitating
translation?
Professor Porteous: I think that this is something
which has been, certainly so far as Generation
Scotland is concerned, recognised by a number of
diVerent groups that are involved in trying to do that
translational research, solve the translational
research problem. What is the translational research
problem? I think there is a recognised gap between
the basic science and getting initial understandings
about relationships between genes and genomes and
health and putting that into practice. We have heard
a little bit about how we have done that in the past in
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terms of the high penetrate single gene disorders but
this is a very diVerent matter altogether. So this needs
to be a partnership between the researchers, the
biobanks, the National Health Service and industry,
and industry clearly plays a very important role in
this because the one thing that they can do is to take
assays and develop targets and from those develop
molecules that become drugs and test and have those
for clinical use. But to do so eVectively is becoming
increasingly challenging and so many, many pharma
are saying, “Actually the real problem lies in the
number of molecules that fail in the clinic.” The
reasons for those are numerous but one of the major
problems is that some of the molecules that look as if
they work well in the laboratory or in animal studies
just do not transform into things that work well in the
clinic. So we have, for example, in Scotland recently
had a very large level of investment from WYETH
Pharmaceuticals who have come in and said, “We
recognise that Scotland has the capacity to help
bridge that gap,” so we have set up our specific
translational medicine research consortium, which is
half way placed between pharma and academia, in
order to try to better understand why drugs might fail
in the first place and to succeed more eVectively in
taking new drugs through to market. Andrew might
want to add a little bit to that in terms of how these
relationships might work.
Professor Morris: I think the definition of translation
is important. Cooksey defined two levels of
translation. Type one is from bench to bedside and
type two is actually getting evidence that is known
into clinical practice, from research paper into
practice. Sydney Brenner suggested we should have
three types of translation in that observations in the
population can actually lead to bi-directional
translation and lead back to scientific discovery, and
I think that biobanks are uniquely placed to
contribute to each of those three types of translation.

Q492 Lord Taverne: I did not quite gather the
diVerence between the first two types. One was to
bedside and the second was into clinical practice?
Professor Morris: We know that there is a lot of
existing evidence which is not actually implemented
in the clinic, so it is to see something from discovery
right through to clinical practice. Type one is from the
bench to evidence and type two is from evidence to
actual implementation. So it is a two-stage process.

Q493 Lord Broers: How is this translational research
funded? Is it a fraction of the overall biobank funding
and, if so, what fraction is that or is it separately
funded?
Professor Morris: I think the phrase translational
research has become a major priority in terms of UK
healthcare funding priorities and with the creation of

OSCHR—I believe you had Sir John Bell, who would
have told you about OSCHR. There has been a
pooling of resource to try and drive translation and
concertina the timeframe from initial scientific
discovery to clinical implementation. I think it is
currently a focus—whether it is suYcient funding I
would not like to say.

Q494 Lord Taverne: When UK Biobank was started
there was some criticism about the large scale of the
funding required and also it was thought the whole
procedure was rather slow—slow in recruitment and
being established. To what extent were these
criticisms valid and how far, in so far as they were
valid, have they been overcome?
Professor Collins: As Chief Executive of UK Biobank
I think that is directed to me. I would not like to
comment on whether or not criticisms were valid; I
do not think I am qualified to comment. In terms of
the progress of UK Biobank, I think with a budget of
£62 million it is appropriate to spend time thinking
how you are going to spend it. In particular, to
consult very widely, both nationally and
internationally, about what questions to ask people
about their lifestyle, what measurements to make and
what samples to collect and how to collect them in
order that analyses can be done that may not yet have
been invented. As I mentioned earlier, the idea is that
one will go back to these samples in 10, 15 or even
(like Richard Doll), 50 years’ time and analyse
samples using methods of analysis, that have not yet
been invented. So a lot of work went into thinking
about that; also about how to recruit individuals
eYciently into this study in an appropriate way—
how to find them, how to invite them, how to assess
them at their recruitment visit and, as I mentioned
earlier, to store the samples in a way that meant that
it would be possible to find a particular individual’s
sample in 10, 15 years’ time. So it took some years
before we were ready to start. We then piloted very
carefully what we wanted to do and modified that in
the light of our pilot experience, and then started the
main recruitment in April 2007; we recruited the first
100,000 people by April 2008. We are at about
199,000 as I sit here now, so we will be at 200,000 in
October 2008. Our schedule for recruitment was to
complete half a million people by the end of 2010 and
we are about six months ahead of schedule, and on
budget. I think that that is an appropriate way of
using such substantial funds. The National Institutes
of Health also looked at setting up a similar study in
the US. They estimated that it would cost one
thousand million dollars and have not been able to do
it, partly because of the huge cost but partly because
they do not have the luxury of doing a study within a
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place like the UK where we have a National Health
Service, which can really facilitate such studies.

Q495 Lord Taverne: What about longer term
funding? You mentioned that some of the follow-ups
would not take a lot of funding, but experiments
would be much more expensive; and you also
mentioned that the bigger the sample the better—it
depends on what detail is required. What do you feel
about the long-term funding; do you think it is
secure? Are you worried about it? What are your
main concerns about long-term funding?
Professor Collins: As a researcher one is never secure
about funding until the grant has been given, but the
fact that there has been such a serious investment
both scientifically and financially in developing this
resource because of the potential value of a resource
of this size is encouraging. UK Biobank is, in terms
of its size and detailed questions, measurements and
the samples, unique; there is no other study on this
scale with this level of detail in the world. That is not
to say that other studies are not complementary to it,
but it is a unique study. So I think that should help to
get long-term funding. The amount of long-term
funding required to actually maintain the resource—
that is, particularly, to follow the health of
participants is comparatively small. Even the cost of
using the resource in the way I have described, where
you only analyse samples and data from the small
subset of individuals that are of particular interest for
some particular condition means that the cost of
doing an experiment are relatively low, and of course
you are doing it in five, 10, 15 years’ time when the
cost of assays that we want to do now are high but as
technology improves you can do more; it costs less to
do; you are doing it on a focused sample so the costs
of doing the experiments are relatively small.

Q496 Chairman: Are we at the same time investing in
these technologies that you will require?
Professor Collins: For the technologies used to analyse
the samples, there is a huge investment going on. Five
years ago the idea that you would do what is called a
whole genome screen on thousands and thousands of
people would have been considered fantasy but now
it is routine. The Wellcome Trust is I think now doing
several hundred thousand genetic markers on tens of
thousands of individuals. Five years ago, as I say, that
would have been fantasy. In five years’ time we will
not even be doing that, we will probably be doing
sequencing on tens of thousands of individuals. The
costs are falling rapidly in this technology; the ability
to get information is increasing greatly. What we have
not had until now, until these kinds of studies were
being built, is the population resources on which to
apply this technology. That is what we are building.

Q497 Chairman: I am tempted to ask, with all this
knowledge that you will gather, can you describe
what the scene would look like to, let us say, some
young person going to a clinic and asking, “What are
my risks?” What would it look like?
Professor Porteous: I will take the risk of starting to try
and answer that. What I would say is it is not like I
imagine it will be; it is going to be diVerent from that,
but I will try and give you a vision of what might be
happening. There is no question that the technologies
for analysing gene sequences and very importantly
the products of gene sequences, is tumbling and there
is a huge technology push to improve these further—
there is no question about that. If you simply take, as
we have heard, the initial cost of setting up the
sequencing of the human genome—3,000 billion
dollars for 3,000 million bases of sequence—now we
are just at the point where somebody is about to win
the prize for sequencing a human genome for $1,000,
from start to finish. So the costs are coming down
dramatically. But we need, I suggest, to think beyond
the genome sequence as the only way to measure risk.
The most important way of measuring risk is to ask
what is the product of the genes, and that is going to
be seen in the proteins that are made by the genes and
by the metabolites that are the products of the way
that the proteins transform “energy in” to “energy
out” and build up the cells, and there are diVerent
ways of developing those technologies which are
starting to get the same kind of push that the genome
technology has enjoyed in the last 20 years or so. That
is going to be much more important because that is
closer to the actual output, the phenotype, the clinical
measures that we are interested in, than simply
having everything measured at the level of the gene.
So I think that we will see technologies which will
replace the kind of glucose dipstick which will now
profile all the products that are relevant to the
determination of your glucose level or your
cholesterol level and so on, and that will be based on
evidence that we glean from biobanks and genomic
medicine studies.
Professor Morris: Just to add to that, I think the vision
is one of personalised medicine. One could argue that
if we give 10 people a drug today, in three people it
works, in three it does not work, three people do not
take it and one has an adverse event, and that is the
current equation for commonly used therapies. So I
think pharmacogenetics is part of the vision of what
these large studies will deliver, so that we can actually
predict therapeutic response reliably based upon a
baseline genetic profile. I think in terms of the clinical
impact there is pharmacogenetics as well as clinical
risk prediction earlier on in the life course of disease
progression; so that at an earlier stage we can make
predictions of risk so that either lifestyle or
therapeutic recommendations can be made earlier on
in the life cycle.
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Professor Sampson: If I could answer your question
from a slightly diVerent angle and that is I was
thinking of the utilisation of these technologies in the
clinic in the future. There is a lot that is not known
about how that would be implemented in terms of
professional understanding and also public
understanding and uptake, and so in parallel to these
investments in scientific advances it is also very
important that social science studies are undertaken
and that adequate investment is made in education
and public engagement. There are a number of
organisations within the genomic medicine
community in the UK that are involved in this aspect
of the work, including ESRC funded genomics
network with centres, including the centre in CardiV
and the centre in Edinburgh, amongst others; and
also the gene knowledge parks which were initiated as
part of the government’s White Paper on genetics,
which is still taking a major role in relation to
educational initiatives.

Q498 Lord Colwyn: Do you believe that the
translation of the records that you get at Biobank are
100 per cent accurate because we are already hearing
about private companies which are analysing the
same samples and getting diVerent results?
Professor Collins: I am sorry, the translation of
which records?

Q499 Lord Colwyn: Of the genomic information
leading to susceptibility of disease. Are you happy
that you have it right because we are hearing other
companies which are taking the same sample from
the same person—three diVerent companies—getting
diVerent results?
Professor Collins: Yes, there was a nice example of that
in, I think, the Guardian, where a journalist compared
the prediction of risk by DECODE, 23andMe and
another company and found they varied. Personally
I think that the approach of these companies is
simplistic. They are based on looking at genetic
variants in isolation; they are based on studies which
are very small where you can possibly pick up the
separate eVect of a variant but you do not how it
interacts with other things, not just other genetic
variants but also environmental or lifestyle factors.
So I am actually not surprised at all that they can
come up with diVerent results because I think the data
on which they are based is weak. That is why we need
much bigger resources that will allow us to look at the
relationship between a range of diVerent risk factors
in order to get a complete picture of a prediction of
disease. But I do not think it is only about the
prediction of disease. For example, we may well find
genetic variants that produce only very small eVects
on risk, but what that could mean is that we have
identified a new pathway for disease. That pathway

could then open up the discovery of treatments that
would act on that pathway which could be of
substantial benefit. An example is the statin drugs
which are used in millions of people around the UK
and tens of millions around the world, and save tens
of thousands of lives each year. The statin drugs
developed from observational epidemiology, like UK
Biobank, which showed that cholesterol is an
important risk factor for disease and from genetic
work that showed that there is an abnormality in the
receptor—the LDL cholesterol receptor—that
influences the amount of bad cholesterol, LDL
cholesterol that you have in the blood. The statin
drugs interfere with metabolic pathways that can
aVect the LDL cholesterol receptor. They can make
someone who is abnormal genetically normal and
lower their cholesterol and lower their risk. It was the
combined understanding—I think this is the key
thing—of disease process from epidemiology and
from genetics that led in that case to drugs that are
saving tens of thousands of lives each year.

Q500 Lord Broers: Can we backtrack to a simple
matter of sequencing. The data we are hearing—at
least that I am hearing—are not consistent. There is
a US website oVering to sequence your DNA for
$999.90; is that a complete sequencing? And is
complete sequencing required? We have also learned
in our papers that you can sequence the entire coding
regions of BRCA 1 and 2 for perhaps £10 soon. So
could you talk about that? Do we need a complete
sequence or is much of the sequence irrelevant? And
what is the price anyway?
Professor Porteous: The price is tumbling—we have
said that and I think we need to restate that. In a sense
that is less important than why you are sequencing
and what you are looking for. I would just like to echo
Rory’s comments by emphasising the value that
perhaps we have not yet teased out yet adequately
about the biobanks. You have heard in your evidence
previously about the really remarkable success of the
Wellcome Trust case control consortia, where large
groups of investigators have come together,
amalgamated their samples—collected some 2,000 or
so cases of Type 2 diabetes or Crohn’s disease or one
or other disease—then scanned the whole genome
and looked for signatures from genes that suggest
that there might be a risk factor there. That has
worked extremely well but it still only captured
between 10 and 20 per cent of the total genetic
liability that we know lies somewhere in the genome
that has yet to be found. Therefore we have valuable
but still partial information. So we need to do two
things; we need to look for the remaining
information, where it comes from, and we need to
seek evidence of whether or not those findings made
in one study are replicated in a second, independent
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study. Moreover—and this is where I think the
biobanks come into play—it is very important that
you validate those studies in the general population
rather than simply in populations that have been
acquired because they are a case of inflammatory
bowel disease or a case of diabetes. What we want to
know is how much do those genetic factors play in the
risk of an individual later in life developing diabetes
or later in life developing Crohn’s disease or
depression or any of the other psychiatric disorders
that you have also taken evidence on. So I think that
there is an attempt by a number of speculative
companies to get rich quick. There will be people
gullible enough to take up their oVers of genetic
testing, but I would have said that the chance of the
results being meaningful is extremely low because the
evidence base is far from complete.

Q501 Baroness O’Neill of Bengarve: I would like to
come on to the question of the information that you
need. We have heard several times about diVerences
between the way that centralised healthcare records
are maintained in England, Scotland and Wales—so
you are the perfect group of people to enlighten us on
that. We have also heard that the healthcare
informatics framework in Scotland works better as a
basis for research than that in England. Do you think
that that is the case and what are the diVerences and
what makes one system better or worse than another
for research purposes? A large set of questions there.
Professor Morris: Shall I kick oV as it is my area of
interest? An initial comment would be that we should
not ignore the phenotype because there is so much
emphasis placed on genotype; but arguably, I would
say, that phenotype is actually of equal if not more
importance. An example is that Rory says that UK
Biobank is powered by incident or new cases of
disease. What we absolutely require is robust
mechanisms to ensure that we pick up all new cases of
disease in these very large cohort studies. To do that
eYciently I think we have to look at the domain of
health and informatics to support these research
programmes because if that eYciency is not built into
the system, the costs associated with these studies will
spiral. If you look globally, the healthcare economies
that do this well have a certain size—about five
million people. I think that size is in Scotland’s
favour because it is much easier to do this work with
a population denominator of five million people;
allied to a low rate of migration, allied to a single
health provider, NHS Scotland, with less penetrance
of the private sector; also allied to a collaborative
inter-disciplinary approach to answering these
questions. Scotland arguably is ahead of the game
because since the 1970s we have used a single patient
identifier for every episode of healthcare. This is not
rocket science, but in general practice we have used

the so-called community health index number to
track all episodes of healthcare, and this is now being
implemented throughout the health service and is
reaching 93 per cent implementation in hospitals. I
think that single fact has given us a competitive
advantage; it allows us to track people through the
fragmented journey of care from their general
practice or laboratory to the pharmacist and the
hospital. What is the research benefit? I think a great
example—again going back to statin drugs, comes
from one of the biggest studies of statin drugs. This
was led by Ian Ford in the West of Scotland. He in the
mid-eighties tracked people in the context of a
clinical trial for four years, and he showed that taking
a statin reduced the risk of heart disease and stroke.
That study probably cost £25 million to £30 million.
What he published in the New England Journal at the
end of last year was the ability to track these people;
they were no longer part of the study but he could
track them for vital events by linking into hospital
admissions, and he published the 15-year follow up of
the initial study. The key here was that the cost of the
15-year follow-up study was only £60,000 because of
the eYciency of the linkage into vital health events.
What he showed was two things: firstly, the
protracted and prolonged benefit of statins in terms
of cardiovascular risk; secondly, he put to bed the
suggestion that statin use was associated with cancer
development—so they are safe. So drug safety and
drug eYcacy. Scotland, because of its integrated
records, is able to run such studies. It is not without
its problems but perhaps I will let others comment
before I come back to the problems.

Q502 Chairman: Is there a comment from either the
Wales or England side?
Professor Sampson: I can comment a little on the
situation in Wales. In Wales there is a developing
centralised NHS healthcare informatics system and
this is termed Informing Healthcare. It is certainly
behind the state of development of the Scottish
system. It was initiated in 2003. It is a single system
across Wales and it is being developed by evolution
rather than revolution. In addition to the NHS-based
health informatics system, there is in parallel a
research system which is under development at
HIRU (the Health Information Research Unit), in
Swansea University. That unit is developing
algorithms to assimilate anonymised data for
research purposes from the various health databases
that exist in primary and secondary care. At the
moment neither of these health informatics
systems—the NHS one nor the anonymised research
system—are actually linked into genetic data and will
not be until concerns about the confidentiality of
genetic data are resolved in relation to these systems.
But there certainly would be potential for these
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integrated clinical health information systems to be
linked to genetic data in those circumstances where
consent has been given, for example in Biobank.
Indeed, there are significant developments now
linking clinical health information systems through
to, for instance, the Wales Cancer Bank, which again
is a fully consented biobank.

Q503 Baroness O’Neill of Bengarve: Could I just ask
for clarification whether you mean by anonymised
they are irreversibly anonymised and de-linked or
whether you mean that it is anonymised but a key is
held.
Professor Sampson: A key is held but it is double
encrypted.

Q504 Lord Warner: I am slightly puzzled by some of
this—and I say this as the guy who had responsibility
for Connecting for Health in England as a minister.
The custodians of these records are essentially
clinicians and the biggest obstacle to integrated use in
England was the clinicians, who are deeply suspicious
of integration and who are very protective about
individual records. Is there something diVerent about
the clinicians in Scotland and Wales? Is it something
about population size which actually makes the
clinicians behave diVerently because they have been
the biggest resistance or integration of records in
England?
Professor Sampson: I think there probably is a
diVerence. Wales is a much smaller community. There
is, I think, a stronger sense of collective ownership,
much less private medicine and a stronger socialist
tradition in Wales. These cultural diVerences may
help the development of integrated electronic health
records as well just the logistics of scale. Databases
such as the screening databases in Wales have been
developed with a great deal of clinician involvement
from the onset.
Professor Morris: I think you have put your finger on a
key issue. The databases I alluded to are the national
NHS Scotland administrative datasets and they may
be rich in clinical content—for example we have the
national screening systems, the national hospital
admissions database, outpatients’ database, GRO,
and they are coded according to the international
classification of Disease 10 or operating codes. So
they are rich in clinical functionality, yet they are
administrative databases hosted by NHS Scotland.

Q505 Lord Warner: So you bypass the clinician
cooperation issue in a sense because they are there.
Professor Morris: I think “bypass” perhaps is a strong
word! The governance of the system includes
clinicians but the data sources and governance are
under the aegis of NHS Scotland. Just to follow up,
the real prize for the future is the linkage of clinical

datasets, as you say, and that is where the challenge
lies. We, for example, have a health care economy
budget of a billion pounds a year. We probably have
about 150 clinical systems, each with its own
jurisdiction, and if we are really going to yield the
value of these large cohorts we actually need to get
into the granular detail of these clinical information
sets. I think that is where the challenge lies because of
lack of clarity of governance, data protection,
confidentiality and there is a lot of work that needs to
be done in that domain if we are really going to see
the value from clinical datasets.

Q506 Baroness O’Neill of Bengarve: I think we
would like to hear from Professor Collins about
England in this respect. How does it look for UK
Biobank? I should say that I enrolled and I know the
process and the consent seems to be fine, but of
course you have to link to subsequently developing
clinical information. Is Connecting for Health to
provide that? How is it to work?
Professor Collins: I think personally that this is the
most critical issue for many of these studies. It is not
the technology—that is developing. It is building
these resources and making them as informative as
possible. If you look back at the similar studies that
have been done in the past what they were able to do
was to look chiefly at the diseases that killed you and
at cancers because there were registries of death and
cancer. Why did Richard Doll do the study in British
doctors? Because British doctors got paid if they were
registered, so he could follow them. It is the ability to
follow people and to find out what happens to them
that allows you to really increase the value of these
studies. The key issue that we have now is not being
able to follow so readily the diseases that do not kill,
but that disable, that maim, that cause misery.
Dementia, joint disease, why are these not as well
studied as cancers and heart disease? It is not because
they are less common, it is because we cannot follow
them in many of these studies. So the ability to link
participants in these studies to their full health record
is absolutely critical. Scotland is great but we are now
seeing increasingly the ability, in principle, to link to
more and more records elsewhere in the UK. So, for
example, not just death from cancer but to hospital
statistics so that you can find out at least the diseases
that get people into hospital. In principle, you should
be able to link to pharmacy record details so you
could find out what drugs people are getting and look
at pharmaco-vigilance in terms of safety of drugs. I
do not think the problem is the ability in principle to
link, it is actually more a problem about being
allowed to link. It is the bureaucratic obstacles to
linkage that are the concerns. They were highlighted
in the Academy of Medical Sciences’ report on
personal data. They have been, I think, understood
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by the people in Connecting for Health who are
developing the Research Capability Programme,
which is looking at ways to facilitate research. But
actually what is required is a desire, a willingness to
understand that research is at the heart of healthcare.
If we do not have research then we do not good
healthcare, and it needs to be seen as part of the
healthcare system.

Q507 Baroness O’Neill of Bengarve: Just one very
small point there. Do you think that it is
fundamentally a bureaucratic or a legislative
problem? Is it the data protection legislation with its
many intricacies, if not incoherences, or is it the
administrative framework that has grown up around
its attempted implementation?
Professor Collins: It is both. This is the summary of
this report by the Academy of Medical Sciences on
the working group. The legislation is not clear; it can
be interpreted in a variety of diVerent ways, and the
consequence of that is that diVerent people with
diVerent agendas interpret it in diVerent ways. So I
think it is a combination of legislation which is
unclear and so leads to diVerences of opinion, and the
consequent bureaucratic obstacles.
Professor Morris: Can I build on that because I think
this is an absolutely pivotal issue? The Department of
Health guidance suggests that this domain is aVected
by 43 relevant pieces of legislation. There were 12 sets
of relevant standards and eight professional codes of
conduct. What this has bred is a culture of caution,
confusion, uncertainty and inconsistency. Even Lord
Phillips suggested it was like weaving his way through
a thicket. So for us to interpret it and to have
consistent interpretation from legal bodies who have
data protection responsibilities is absolutely key.
Currently this is a the major issue in terms of the
ability to safely link data in a way which is in the
public good with appropriate security. This was a
major focus of the Walport Report, which was
broadly welcomed.

Q508 Baroness Perry of Southwark: I am puzzled as
to how you are going to get the kind of follow-up data
that you want. Is it not your intention to keep in
touch with the people who were in your cohort and
revisit them every seven years so that you do keep a
record? And if you do not have that facility then
collecting the biobank is going to be severely
damaged in its usefulness, is it not? If you are looking
for the sample of your subset that develop heart
disease or whatever you are looking for, how are you
going to find them unless you keep bringing the
subject back? I speak as an enrolled person in the
Whitehall Study, the stress and health study, which
has been going for over 20 years, and we are brought
back every three years or so to find out which of us

have died oV or gone oV in the meantime. That is the
essential part of the value of the study, is it not?
Professor Morris: With respect to UK Biobank
certainly one would ideally wish to keep in touch with
participants regularly but the thing that one is
interested in is what happens to them primarily in
terms of health outcome, and that linkage can
actually be done in principle through health record
systems. As I have mentioned, for the whole of the
UK, death, cancer, hospital episodes can be linked.
Already in Scotland one can link beyond that to
primary care.

Q509 Chairman: To clarify, how does the UK
Biobank currently link with databases, GPs, hospital
episodes and death records?
Professor Collins: At the moment we are not linking
but we have approval from what was the ONS to link
to death and cancer registration and you can then
link to the HES system –Hospital Episode Statistics
System. We have piloted that in collaboration with
Professor Beral in Oxford, who has linked the 1.4
million women in the Million Women Study to
Hospital Episode Statistics data. As the ability to link
to more record systems, with the consent of the
participants which we have, becomes easier, then we
will be able to do so beyond Scotland (where you can
already do it in primary as well as secondary care) to
those other record linkage systems. In terms of seeing
participants again, we will be seeing a representative
sub-sample of the participants in UK Biobank, not to
find out what happened to them in terms of health
but in order to assess the variation, the changes over
time, to the risk factors related to the way they live
which will inform us about the whole cohort. To be
eYcient, we do not have to see all half a million again;
we will see 20,000 or 30,000 every few years in order
to track variation in the ways in which they live;
obviously their genes will stay the same. But it is these
linkage systems which allow us to look at their health
outcomes. I should also add that such linkage could
allow us to look at other health-related records. We
can look back in time, at participants health before
they went into the study and at other things, like
occupation, which will tell us about risk factors,
exposures, as well as looking at subsequent health in
the long term.

Q510 Baroness Perry of Southwark: If you are only
looking at the health records, the hospital records
and so on, and the records of death, are you not
missing out on the people who may have the same
genetic variation but who do not get that particular
illness? Is it not just as important to know that 10,000
people who have a genetic variation all developed
bowel cancer or something, but another 10,000 or
5000 or so who had the same genetic variation did
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not. Is that not just as important? You will not take
that up from the health records, will you?
Professor Collins: Yes, because we are linking to the
records, and the people who have the disease would
be in there and the people in the Biobank project who
do not get the disease will be linked as not having had
that condition, at least diagnosed, and we then
compare the people with and without the diagnosis.

Q511 Lord Warner: I am trying to understand this.
This is quite a critical issue. Are you saying that all
the people who are in Biobank have given consent to
you going in, through the connecting for health,
presumably information through the spine, from the
GPs to give them the information that you request
from the GP? I am trying to understand this, because
this seems to be quite a critical issue.
Professor Collins: We could ask one of the participants
what they felt they had consented to, but I will
answer, first, for them. Yes, there is explicit consent
from participants for linkage to health-related
records. That is defined as not just medical records,
but other records—and it gives examples—including,
for example, employment records both in the past
(that is, before they went into the study, so that tells
us about exposures before they joined) and also their
health-related records in the long term through their
medical records systems.
Baroness O’Neill of Bengarve: If I remember—it is
quite recent, and I should—there are ways in which,
as you consent, you can exclude certain types of
things like attendance at STD clinics and perhaps
abortions—I cannot remember other things but there
were things like that—but otherwise it is consent. I
would add that I happily gave my consent to the lot.
Having always been treated on the basis of
knowledge that was obtained by treating other
people, I do not feel this information, if duly
anonymised, is in any way private or mine. But I may
be one of the few people who thinks that. The law
does not.

Q512 Lord Warner: We have had a good go over, in
a sense, whether the present IT systems are suYcient
for joining up information from diVerent databases I
think the sense in the answers we have had so far is
that there is still some way to go. Could we explore a
bit more how we might improve the joining up
because it is not just about technology? Can we
explore some of the other issues that you think need
to be tackled if we are to join these databases up?
Professor Morris: We have touched upon the clarity of
governance and the legal status of linkage. Currently
the situation is that the clinical data is very much
silo’d and it sits under diVerent jurisdictions. I think,
therefore, we need to look at the recommendations of
the Walport Review and come up with a response to

that which is clearly in the public good as good
governance, and legislate if required, because there
are diVerences between England and Scotland.
Currently, I understand that PIAG has legal status;
whereas, in Scotland, the Privacy Advisory
Committee of ISD which oversees the governance of
these national datasets is advisory and has no legal
status. I think we need clarity around that. Second, I
think we need to get on the front foot in terms of
public and professional education. This is something
which the Information Commissioner is very strong
on. He says we should be much more forthright,
informing people about how we use data, why we use
data, the benefits of using data, and the safeguards
which are in the system to ensure confidentiality and
security. Certainly in Scotland, in 2002 a very good
report, called the CSAGS report, recommended a
public consultation campaign to demonstrate the
clear value that research has in informing and
improving health services. That campaign has never
happened, so I feel there is work to be done about
informing the public about how we use information
and the benefits of using information. The third issue
is around trusted models of linkage. Currently we
have these multiple data silos with huge variance in
the way that data are linked or what is allowed to be
linked. I think we should look beyond health at other
examples of things that work. A good example that is
work which has come out of the ONS called the
Virtual Microdata Laboratory. They have built a
very resilient and secure system, with “thin client”
secure and safe and audited access from multiple sites
from the UK. They have been able to link very
confidential person-specific datasets for the benefits
of research. Researchers go into a protected
environment. They are protected, they are overseen,
but then given “thin client” access, which means that
they are not allowed to download any data. They are
given access to a central data repository for research
purposes. The virtual microdata laboratory is seen as
a huge success. It is now a model which is being
adopted throughout Europe. I think there are three
broad areas where we need to focus our attention so
that this linkage is seen to be in the public good and
also has industrial strength in terms of its security and
confidentiality.

Q513 Chairman: In the long term, all these
databases will need to be linked to genetic databases.
Professor Morris: There are various ways of
approaching that. On a case-by-case basis, yes.
Currently, the way that we think genetic data is that,
following ethical committee approval, Caldicott
approval, NHS R&D approval, we are allowed to
link for specific research questions and that process
has a very distinct audit trail.
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Professor Porteous: Clearly, the discussion we have
had at the moment has been about linking health
records to genomic data, but we should not lose sight
of the fact that we need also to have IT solutions to
linking and securing and auditing the genetic data. It
should not be taken as a simple “press of a button”
and you get an accurate answer out with certain
technologies. You have to have laboratory
information management systems in place—which
we have in Generation Scotland and which I know
the UK Biobank has—that can accurately track and
audit all the samples that are received, and do that
linkage too. If you have inaccuracies, it is always the
weakest link that is going to be where the problems
arise. It has to be said that much research in the past
that has been done in this area has been done very
much on a short-term basis. I think one has to be
cautious about, for instance, using legacy data
(samples have been collected in the past, stored in
some clinical researcher’s fridge or laboratory and
then taken out subsequently), to be sure that you are
matching up with modern technology to material
that was stored in the past without those kinds of
secure ways of coding the information, coding the
samples, and then pulling it all together. There is a
laboratory side to this IT technology that has to be
addressed as well. But that is easier to do, because
you have control over it, but you have to be very
careful when you pull that data together from
diVerent biobanks to make sure that all the biobank
information you are getting from around the world is
set at an appropriate standard. That is where
organisations like P3G and HUGO and others come
into play to try to set those international standards.

Q514 Lord Warner: We have spent a lot of time
painting a picture of a world in which there is better
linkage between big databases. There is a burgeoning
volume of information available. Do you have any
concerns about whether the informatics skills
capability is going to be up to the job? What do we
need to do if it is to secure benefits from this kind of
linking of the huge amount of information?
Professor Porteous: I think this is a very exciting
opportunity. The physicists who have developed IT
solutions for large number calculations have skills
that we are barely aware of. I can give you a good
example using a problem that we had. We were
frustrated by the inability of a well-used statistical
algorithm that is used to try to glean information out
of genetic data: it is well-used in a certain setting, but
when you try to use it to look at larger segments of the
genome, it just falls flat, it cannot do it. We took the
problem to our local colleagues at the National
e-Science Centre in Edinburgh, and they developed,
within a matter of a month, a grid-based solution to
this that cut the computational time a thousand fold

and gave us a working solution. At that level, I do not
think we have a problem. The only problem will be if
we think that our home-made solutions are adequate.
We need to talk to people who are real experts in the
field at that level. They are there; they just need to be
alerted to the opportunity and the need that we have
and I think they will be able to respond.
Professor Collins: I want to agree with that. I think
that we are generating resources that will generate
huge amounts of data—not just the genetic data, but
the protein metabonamic data. It will be working out
what is real in those data that will be the most diYcult
part of it; it will not be the technology of measuring
it. Encouraging people with bio-informatic skillls to
work in the biology area is a critical one, and building
a career structure for those individuals. The
Wellcome Trust had a meeting in January at which
they discussed this. One of the key things which came
out of that was that we need to stop thinking about
these people as information technologists and start
thinking about them as information scientists,
because they will be the ones who help us to tease out
what is real in these resources. Maybe we should see
the banking crisis as an advantage, because we can
recruit all these people into biology. Once they come
in, they will not go back because it is a lot more fun!

Q515 Lord Warner: If a bit less well-paid.
Professor Porteous: A steady, low income

Q516 Baroness Perry of Southwark: One of the
issues we have constantly talked about and had
evidence about in the field is what you tell the subject
of the investigation after they have given their
samples. Particularly as knowledge advances, it will
become apparent that some people have a very high
risk of a disease which may be curable—and that is
one reason for wondering whether to tell them—or
may be incurable—and that raises diVerent ethical
issues. Are there any plans, if these do emerge, to
inform the subjects and their families?
Professor Collins: I could speak for UK Biobank. This
was discussed at great length and included wide
consultation with patient groups and the general
public, as well as ethicists, lawyers, doctors, and
researchers. The conclusion we came to—and this
was signed oV by the Independent Ethics and
Governance Council for UK Biobank—was that no
feedback of individual results would be provided to
participants. The invitation to take part and the
consent is explicit in saying that people understand
there would be no feedback of their individual results.
There are a number of reasons for that. Partly, we are
not doing any assays of the samples upfront—we are
doing them in five, 10, 15 years—and we do not know
what we are going to measure, so it is impossible to
counsel people on what the implications will be of
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things we might do in 15 or 20 years time, or, indeed,
what the relevance of the things that we find might be.
Going back to previous comments about these
websites where you can find out your risk and it is
widely divergent, we do not yet know when we get
research results what their full impact is on disease,
and we do not know everything about that patient in
terms of their health like their own doctor does. We
will, however, be feeding back the findings of the
research that is done on the study. Information will be
made available to all the participants and to other
people as to what findings have emerged. If findings
emerge that should change health care, which might
include screening tests that are validated and really
strongly predictive of disease, then those should
become available in an appropriate way through
normal healthcare systems. But we get explicit
consent that there will not be individual feedback of
results.

Q517 Baroness Perry of Southwark: Do you see this
as being permanent, or might it change in 10 or 15
years, when both the technology has changed and the
findings that will emerge over that time may make
prediction much more accurate?
Professor Collins: The idea that the funders had of
setting up the independent Ethics and Governance
Council for UK Biobank was that things may
change. Their role is an oversight role and to provide
guidance. I cannot say that things will not change.
They are there to guide us on that. Participants also
have the opportunity to voice their concerns, because
they can withdraw at any time. They can let us know
if they have concerns about the ways in which the
resources are used. There was, however, very detailed
discussion and consultation for UK Biobank about
the pros and cons of feedback. I cannot see the
rationale on which that was based changing.

Q518 Lord Colwyn: We have covered some of the
problems of incidental findings that are already
causing, for instance, dilemmas such as this discovery
of abnormalities in brain scans. Genome studies are
likely to accumulate much more information and
have an eVect on health, so privacy and
confidentiality are very important. What are the risks
and how are you managing the risks to privacy and
confidentiality for participants and their families in
biobank collections? What role do patients and
volunteers play in deciding what will happen to their
sample and information supplied as part of biobank
studies?
Professor Porteous: Perhaps I could reflect on the
previous question first, because I think it does follow
on from the one you have raised. The situation with

Generation Scotland is very similar. There was a
broad view taken and we have very much followed
and, indeed, been part of the discussions that led to
the formation of the UK Biobank. Generation
Scotland has taken a very similar view and operates
in a very similar principle; that is, if something clear
and important and overt of a clinical nature emerges
at the point of the clinical examination, then that
information is fed back, but thereafter not. We are
very keen that we emphasise the fact that we are
doing studies that are looking for predisposing
factors. To go back to the points made earlier by
Andrew, the process of taking that evidence through
to clinical application is one that requires replication
and validation and several steps in that process
before one would have, for example, a health
technology assessment view as to whether or not
something had diagnostic value and should be
implemented. For all of those reasons, the notion of
giving feedback on an individual basis we think is
inappropriate; but like UK Biobank, we too have an
advisory board, set up at arm’s length from
Generation Scotland by the Chief Scientist OYce,
chaired by Lord Sutherland, with advisers who also
link between the UK Biobank and Generation
Scotland. Graham Laurie is a member of both. Thus
we have, I think, a good way in which we can see at a
UK level, both UK Biobank and Generation
Scotland, issues as they emerge and to get good
advice from external groups as to how those should
be handled. So far as risks to privacy and
confidentiality are concerned, that is clearly of great
import, because without that confidence in
Generation Scotland or UK Biobank, we will neither
gain nor retain participants. Of course, the retention
of goodwill is particularly important for a family-
based study, so we have been given this great thought
and, we believe, care and attention, to ensure that we
build in, through the IT structures, the appropriate
firewalls that prevent information flow in anything
other than a fully controlled fashion. I am sure
Andrew will go into that in more detail as to how that
works. I think you are right to raise the question, but
it is one that we have spent a lot of time deliberating
on. But, particularly for a family-based study, it is
paramount that those entering the study feel
confident that they wish to be part of it, feel confident
in the reason for the research being done, and feel
confident that the measures that we have in place
secure that information and that it will be used for
approved research only.

Q519 Chairman: Professor Collins, would that apply
also to Biobank?
Professor Collins: Yes, we have the same security
measures. There are two parts to your question. The
first part relates to key code anonymising data, so
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separating identifiers from the data and keeping the
identifiers separately and the codes separately and
secure; encrypting data, particularly when it is being
transferred. We spent about a year getting permission
to get names and addresses to invite people into the
study from the NHS, and it took us a little bit longer
then to persuade the NHS to stop sending them in
unencrypted data files. So it is doing things which
make sense: as I say, protecting the identifiers and
keeping them separate; having firewalls; paying
people to try to hack into your system—we employ
the National Computing Centre, to try to hack into
our systems and identify potential areas of failure;
and only allowing, a limited number of individuals to
have access to identifiers. In addition—and I think it
goes to one of the concerns that was raised in your
question about being able to identify people from
genetic information—in terms of what researchers
will have access to, it will be anonymised or key code
anonymised data, but they will also have to sign
agreements that they will not use the data to try to
identify individuals, so there will be contracts with
researchers in that respect. On the second part of your
question: What control do participants have over the
users? They can withdraw at any time. We tell them
about the records we are linking to, we tell them
about the uses of the resource, and if they feel that
there is a problem with that, then they have the right
to withdraw at any time and pull all of their data out
of the study. They also have the Ethics and
Governance Council to raise their concerns with. So
they really have control.

Q520 Lord Colwyn: If the information is left in or
stolen from a train or a car, it is of no significance.
Professor Collins: Yes, because, for example, in our
assessment centres, the participants enter data
directly onto computer using touch screens and those
data are encrypted, so if someone comes and steals
the computer it is encrypted data and it cannot be
broken into.

Q521 Baroness Perry of Southwark: I think,
possibly, your previous answer has answered this
question, but we are told that there is recent evidence
suggesting that an individual can be identified from
their genomic profile even if it is present only in
summary format amongst hundreds of others. What
are the real risks in publishing this data in medical
research or when linking diVerent databases?
Perhaps, at the same time, you could answer this
question: We understand that while DNA theft is a
crime, taking a DNA sequence maliciously to
identify someone is not a crime. Should it be? Have
you had any consideration about that, because the
pressure to criminalise it would come, I suppose,
from people like yourself?

Professor Collins: In terms of the use of the genetic
data which researchers would need to be able to see,
they will only be able to do it under contract, where
they will be in agreement not to identify individuals.
If they tried to identify an individual, they would be
in breach of that contract. Recently there has been a
publication saying that summary genetic data can be
used to identify whether an individual is in that
summary data file. The consequence of that has been
that, whereas, previously, journals, such as the New
England Journal of Medicine, have required you to
put the summary data on the data repositories, they
are stopping doing that because someone could, in
principle, identify individuals. We in UK Biobank are
not going to be putting such data out into the public
domain: it will be available only to researchers under
strict control. I do not see it as an issue, therefore,
from that point of view.
Professor Porteous: The point that has been made is
that you can identify that an individual is in a group
rather than identify the individual. It is “which
sample corresponds to a particular individual”—
which is, I think, rather diVerent. One of the things I
am often struck about is the way in which genetic
studies highlight issues which are out there in other
guises. We assimilate quite readily, whether it is
Facebook or Myspace or other ways of identifying
individuals and collecting an awful lot of highly
personal information from them. I do not want to use
that in any way to minimise the potential concern,
but I think we should try to make sure that we are
clear about what exactly it is we would be revealing
and how it would be used. In terms of a governance
issue, exactly the same rule applies for Generation
Scotland as do to UK Biobank: you would be in
breach of contract if you were to use such
information in that way, because, again, the terms of
access and the use that is made of the samples to do
research would preclude the identification of
individuals. I think it is a theoretical issue, but it is
one which is addressed in many, many other ways
that does not include genetic profiling. It certainly is
true in terms of DNA fingerprinting that one is able
to identify individuals through genetic analysis, but
that is done using a rather diVerent type of genetic
information and it is done with a very express intent
of identifying an individual and distinguishing one
individual from another. Around that, we have a very
clear set of frameworks that determine when you may
and when you may not use forensic fingerprinting
technologies.

Q522 Baroness Perry of Southwark: What about the
issue of making it a criminal oVence maliciously to
do it?
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Professor Porteous: That would be captured under the
existing legislation, I believe, in the sense of DNA
fingerprinting technology. But you are making a
distinction between the theft of the data as opposed
to the theft of the sample?

Q523 Baroness Perry of Southwark: That is right.
Professor Porteous: That would be interesting. I am
sure that would generate a wonderful legal debate.
One could, I am sure, argue that you had technically
stolen the sample in order to generate the data, but I
am not a lawyer, so I am going to be quiet now.

Q524 Chairman: Earlier on, Professor Morris, you
mentioned that a public education campaign was
required, so that the public could begin to understand
the implications of the vast amount of information
that could become available in two, three, four or five
years. Do you think that is so? How do you think this
should be handled? Equally, is there a necessity for
the education of professionals in genetics, in
association with genetic information and health
information or risks related to that?
Professor Morris: We touched earlier on the issue
around information scientists. The one key message I
have learned from biobanking is its
interdisciplinarity. If we are going to get this right, we
need to bring disciplines together. I am pleased that
we have attempted to do this with Generation
Scotland from day one. We have brought together
information scientists, statistical geneticists,
laboratory scientists, and doctors, but one of the key
groups has been the social scientists. From day one
they have led a research programme which has
actually informed the development of Generation
Scotland and its operation. They have run focus
groups with families, exit questionnaires, a MORI
poll, and it has shaped the protocol and our approach
to communication with the public. And they have
looked at thorny issues, in terms of pharmaceutical
access to data. They have looked at the issues about
the right to withdraw our policy, and access to the
police and commented on benefit sharing. That
research programme has been critical and given us
the confidence to move at a pace, so that we do not
move forward in a vacuum. I think that is the
message. Another part of Generation Scotland has
been to work with our clinical genetic colleagues
around professional education. Not only in the
specialist clinical genetics community but also in the
greater community of primary care. This science will,
we predict, be impacting upon their clinical decision-
making within the five- to 10-year time frame and we
need to prepare that ground so that they are ready for
it. As part of the ScotGEN network we have
developed educational tools and website educational
programmes to try to educate the clinical community

about the impact that this genomic revolution will
have. I think it would be folly to wait until the yield
of these biobanks is realised before we tackle these
issues.

Q525 Chairman: What about England and Wales?
Professor Collins: To echo a previous point, a lot of the
things that are discussed about genes are not new.
Particularly in terms of risk factors for disease, we
need to think of them genes as one part of it; it is also
the gene product, the environment and the lifestyle.
In a way, there is a little bit of hysteria around
genetics, as if they program you for disaster. I think
we need to get across the message that they are one
part of a number of things that can determine your
outcome. The advantage of many of those other
things is that you can change them. That is one key
message that one needs to get across. I believe that
participation, particularly on a population-wide
basis, in such studies is a great way for people to
understand better what they can produce, in being
part of something that will improve health. I can give
you an example of this. The Wellcome Trust funded
ALSPAC study is a study of children and mothers in
Bristol. We are now recruiting into UK Biobank in
Bristol and our recruitment rate there is twice as high
as in any other part of the country in which we are
recruiting. I cannot tell you that it is definitely
because of ALSPAC, but many people who come in
do talk about the ALSPAC study. It is part of their
commitment to help research. I think such
population studies, like Generation Scotland and
UK Biobank, being part of how the population helps
to improve their health, is one very good way of
getting the population to understand the benefits of
medical research; and for their doctors, also, the
general practitioners particularly, to understand the
benefits of participating in and helping such research.
I think the studies themselves are educational in
that respect.
Professor Sampson: I would concur with what my
colleagues have had to say about the opportunity
that these large scale studies have for engaging the
public in a wider way in relation to the benefits of
medical research. Education is not an explicit role of
these biobank projects, but it is an explicit role of a
number of organisations. Earlier I mentioned the
Gene Knowledge Parks, which were initiated in
response to Our Inheritance, Our Future the 2003
White Paper from the Government. The Gene
Knowledge Parks have done a lot to bridge the
understanding gaps that exist between scientists and
healthcare professionals and the general public in
relation to genetics, and to try to address the
perception of genetic exceptionalism that has been,
perhaps, prevalent among some health care
professional and the public. I think a number of these
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initiatives have shown that, once engaged, the public
are very receptive to and very tolerant of the
exploration of genetic issues and genetic research. In
Wales we have undertaken a number of public
engagement programmes that have involved
thousands of young people, in particular, but also
older members of the wider public. For example, a
citizen’s jury on designer babies showed that young
people are very liberal in their approaches and their
attitudes to the application of genetics in clinical and
healthcare settings. We are also undertaking studies
in relation to the national DNA database, one of
which is engaging with individuals who are on the
national DNA database to explore their perceptions
of the ways in which genetic data is used in the legal
setting. The message is that attitudes to genetics and
genomics in medicine, particularly amongst the
young, are optimistic and quite liberal.

Q526 Chairman: Could you give a brief the answer
to a question which relates to some of the
information in evidence that we were given, that a
bigger European wide Biobank would be of great
value. Would you comment about that?
Professor Porteous: Certainly there is scope for
funding this type of work under the EU Framework
7, and it is under discussion for the next round for
biomedical research support. There are, indeed, a
number of studies which are already funded through
that programme but they tend to be of a more modest
nature and tend to be more disease specific, disease
focused. But I think there is a considerable amount of
interest from mainland Europe to what is going on in
the UK and a strong desire, if not to directly
collaborate, then to try to find ways in which one can
capitalise on the work that is already going on in the
UK and see it replicated around Europe. There are,
for instance, studies such as Genome EU Twin, which
has a twin-based study that captures information
through twin studies all over Europe. That is also
paralleling the kind of work that we do in the
biobanks. There are other technology programmes,
such as MolPAGE, which is developing the next
generation of techniques to make measurements of
biomarkers and they will feed in. Whether it would be
a good investment to have the UK Biobank
equivalent in each of the EU Member States, I think
would probably take a considerable discussion and
debate, but it would be up to each of the Member
States to decide whether or not they thought it was a
good investment and value for money.
Professor Collins: I think there is merit in having such
studies in a wide range of circumstances. I mentioned
a similar study in China, where we can look at leaner
individuals; we can look at people with lower
cholesterols. There are studies going on in
populations which are perhaps not where we are

coming from but where we are going to, such as
studies in Mexico where there is much more obesity
and much more diabetes, so we can look at the other
end of the extreme. Having studies in diVerent
circumstances allows us to look at a wider range of
exposures. In terms of investment in Europe,
personally I think that phenotyping is the key to these
studies and more detailed information about the
participants in terms of their risk factors beyond
genetics will increase their value. Although I am very
keen on bigger studies, I think there is merit, also, in
taking the big studies that we have established and,
increasing their value by increasing the detail of
phenotyping.

Q527 Chairman: Finally, if I were, without any
promises, to ask you which two key
recommendations you would like to see, what would
they be?
Professor Collins: If I could have one, it would be to
remove the bureaucratic obstacles to using health
records to improve the health of people in the UK.
We are uniquely placed here to do these kinds of
studies, to do large-scale clinical studies. The
regulatory obstacles to the use of medical records,
and the regulatory burden for clinical trials as a
consequence of the EU Directive on clinical trials and
its implementation into UK law, have pushed
research and research funding out of the UK. I think
the big problem concerns this regulatory burden and
the bureaucratic obstacles. The consequence of these,
and also of NHS research governance is that our
ability to do this kind of research has been made
increasingly diYcult and costly, and research is being
slowed substantially.
Professor Sampson: There is one stage back from that
even, which is perhaps the balance between
individual rights and responsibilities as part of
society. A lot of what we are talking about is being
driven by the changes in that balance towards trying
to protect individuals at the cost of harming the
greater good.
Professor Morris: I would suggest that the UK could
be at the forefront of translational medicine
internationally, not only going from bench to bedside
but what we have talked about today, which is from
cell to community. To do that, I would like to endorse
Rory’s point. I think that it is absolutely key: to have
clarity about use of data, the governance of data, and
an eYcient process that allows us to do this, under
scrutiny, which is in the public good.

Q528 Chairman: Are you suggesting that we need to
re-look at the whole area of the current legislation
relating to information about individuals and the
governance relating to fulfilling their registration?
Are you asking for a re-visit of the whole area?
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Professor Morris: I am led to believe that it is more the
inconsistent interpretation of the current legislation.
Speaking to the Information Commissioner, there is
latitude within the Data Protection Act which would
allow us to come up with a policy which would allow
this eYciency. Rory has my recommendation but my
other recommendation is that I think we have a duty
to communicate what we are doing better to the
public—so allied to a public consultation, informing
them of the benefits and the reasons behind our
activities.
Professor Porteous: Could I add to that an
endorsement of everything that has been said. Also,
if I had an ideal vision, it would be that this would be
seen as part and parcel of a welfare health state. This
should be seen as part of the NHS function. Indeed,
anecdotally, the feedback that we consistently get
from participants could be paraphrased along the

lines of, “But I assumed that is what would happen
to my medical records: that they would be fully and
properly used,” rather than that there was this very
complex process of getting that information. There is
an expectation amongst the general population that
what we are doing through biobanking is part and
parcel of normal practice. I think that is what we
should be aiming for. It should be something that is
seen as part and parcel of UK PLC and UK NHS—
whether it is Scotland, Wales, England, or Ireland.
That is my hope for the future. Anything that
achieves that is good in my book.
Chairman: On that note, could I thank you all for
taking the trouble to come and help us with our
inquiry. If there are any issues which come up that
you think might help, please feel free to write in.
Whatever you say will be used as evidence and
therefore will be recorded as part of our evidence.
Thank you.
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of deCode, examined.

Q529 Chairman: Good morning. Thank you very
much for coming to assist us with our inquiry. We
regard your contribution today as extremely
important in clarifying one or two of the crucial
issues that we have identified. For the members of the
public, you have information at the back which has
the declared interests of the members of the
Committee and you may have a copy of that if you
wish. The whole session is being televised and part of
it may well be used. The main thing that we want to
identify with you today is the association of gene
markers with diseases, particularly common diseases
and their utility in health application and clinical
practice. Does anyone want to make any initial
comments?
Professor Hattersley: You have asked two things there.
One is about common diseases and the second is
about clinical utility. In all the cases that we represent
today and all the disease subtypes there are causal
genes where the gene is caused by genetic mutation
and there is predisposing of the common disorders
where we have done the recent genomic studies. We
all feel that there are specific areas where it is very
important to talk about the rare ones that occur
within the common types and we would request that
those could be discussed separately from the more
common ones because it will get confusing otherwise.
When we are talking about clinical utility, that really
lies at present within the single gene disorders.

Q530 Chairman: I hope that if there is a conflict as
we go through the questions you will clarify it at the
time. The other request I have is that the first time you
speak you introduce yourselves so it is recorded.
Dr Stefánsson: I wholeheartedly disagree with the
gentleman who just spoke. Clinical utility does not
only lie in the single gene disorders, it lies in the ability
to assess risk, whatever disease it is, be it a single gene
disorder or a disorder that is caused by variants in
the genome.

Q531 Chairman: We have been told that there have
been rapid advances in understanding the genetic
basis of common diseases through genomic studies.
With regard to the diseases that you study—and I
know you study diVerent diseases—what do you
think are the most important recent advances? Also,
many new genes have recently been discovered that
aVect an individual’s susceptibility to a range of
common diseases. However, the eVects of each one of
these genes are very small. In the diseases that you
study, what is the clinical utility to be gained from
these discoveries?
Professor McKenna: I am Bill McKenna. I am a
cardiologist working at UCL. My main interest for
many years has been in inherited forms of heart
muscle disease, predominantly those that cause
sudden death and heart failure in the young. The
question is a diVuse question. I would come back to
what Andrew Hattersley said and I would not take
exception to what Dr Stefánsson said but I would just
like to emphasise the monogenic disorders as a
starting point. The disease causing genes for lipid
disorders, cardiomyopathies, which are heart muscle
disorders, inherited forms of arrhythmia which cause
sudden death, have been identified going back more
than 20 years and being able to perform gene testing
in the family would have, and does have when it is
available to us, a major impact on being able to make
an early diagnosis in the family and aid a risk
stratification and prevention of disease
complications particularly of sudden death. There
are conditions where we rely on an electrocardiogram
to make a diagnosis, for instance the Long QT
Syndrome. Disease expression can vary from time to
time. You can have a normal ECG today and an
abnormal ECG tomorrow. So you could see a young
patient from a family where there have been sudden
deaths in the family and say there is nothing today
that suggests this individual is at risk or carries a
disease gene and yet he can die suddenly a week later.
The starting point is to find a mutation in that family,
which you have got about a 70 per cent chance of
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doing with current technology. Having found it, you
can apply the result to the rest of the family, so-called
“cascade screening” and you can say to roughly half
of the individuals you do not carry the gene, you are
not at risk and you know that your advice and
comments are correct; and you will say to the other
half you do carry the gene, you may not have
expression of that gene today, your
electrocardiogram may be normal, but you do carry
the gene and are at risk, and therefore the
management and clinical care is based on that
assumption of risk assessment. I think this
technology and that information of applying clinical
DNA diagnosis is probably number one. Your
question asked about genetic variants which are
associated with disease. In cardiovascular medicine
during the last year two years, variants in the genome
have been recognised, which are associated in large
studies with the risk of stroke, risk of heart attack,
and risk of aneurysms. These variants add a small
increment to the ability to identify at risk individuals.
This is relatively new and has great potential but I
think at present it is still unproven and needs to be
confirmed. The technology has changed and is
changing dramatically. I suppose if you were looking
ten years ahead and you were looking to see will we
have personalised medicine based around assessing
genetic risk in an individual the answer would
undoubtedly be yes and that is where we should be
heading. I would, however, make the distinction
between mutation analysis for a disease causing gene
in a family, which is potenially available to us now
versus the assessment of genetic variants to identify
risk, which is new technology to be applied.
Dr Stefánsson: Let me address this because I disagree
still another time with the gentleman sitting to my
right-hand side. There has been a dramatic advance
over the past few years in the discovery of variants in
the sequence of the genome that aVect the risk of
common diseases. Let me give you a couple of
examples of how it could aVect medicine today. I am
going to take three examples. First I am going to take
the risk of heart attack because he said that there are
variants that have been discovered recently that aVect
the risk of heart attack, aneurysm, et cetera, that have
a subtle eVect. Ten per cent of people in England are
homozygotes, ie they have inherited a sequence
variant from both parents that aVects the risk of a
heart attack more than being in the top quintile of
cholesterol. Our society has subtly learned how to
deal with a risk of the size that you get when you are
in the top quintile of cholesterol. Let me remind you
that we knew of that risk before we had developed the
drugs that allowed us to lower the cholesterol level.
Keep in mind that our ability to treat diseases has
always been preceded by our ability to diagnose
them. When it comes to prevention, our ability to

prevent diseases is always going to be preceded by our
ability to assess risk because matters of prevention
cannot be assessed without the ability to assess risk.
The second example I want to give you is in the case
of breast cancer. When it comes to breast cancer still
today, the single most important determinant of
prognosis is early diagnosis. If you take seven
sequence variants, variants in the sequence in seven
places in the genome that have been discovered
recently and you apply them together, you can
identify women who have quadruple the average risk
in society of developing breast cancer where the
absolute risk for breast cancer is 52 per cent. This is
a very, very high risk. The American Cancer Society
has issued guidance where they say that a woman
who has more than a 20 per cent absolute lifetime risk
of developing breast cancer should have an MRI scan
of her breast annually. With these seven markers that
I was talking about we can reliably identify five per
cent of women in our society that have more than a
20 per cent absolute risk of breast cancer. To make
sure that my discussion is not sexually biased the
third example I will take is for prostate cancer. If you
take eight sequence variants that have been
discovered recently, variants in eight places in the
genome, it allows us to identify the one per cent of
males in our society who have triple the average risk
of prostate cancer. They have a 48 per cent absolute
risk of prostate cancer. I have an interesting case that
I would like to tell you about which is to do with an
old graduate student of mine, a young man who
walked into my laboratory at the age of 20 and has
been working with me for the past 28 years. He
actually had the prostate cancer test that we have
developed that is based on these eight variants. He
turned out to have more than double the average risk
in society of prostate cancer. He went to his physician
and was eventually sent for a prostate biopsy. It
turned out that he had a malignant prostate cancer
Gleeson grade 7 and he underwent a prostatectomy
four weeks ago. He is a very young man, 48 years of
age. That is a fairly unusual young age for that
diagnosis. The fact that he was so unfortunate to
have worked with me for such a long time in this case
saved his life! I think it is very important to recognise
that when you are developing a genetic risk
assessment for the common diseases you are only
assessing risk. It has the same implication as the
classic risk factors, like cholesterol when it comes to
heart attack, et cetera, because almost all of these
common diseases have both a genetic and
environmental component risk. What you are doing
is you are ascribing a medical value to the assessment
of risk. Modern medicine is largely based on risk
assessment and particularly in disciplines like
oncology. Risk assessment is absolutely crucial for
our ability to make early diagnosis, which is still
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today the single most important determinant of
prognosis.
Professor Sir Bruce Ponder: I am Bruce Ponder and my
research is in cancer and particularly in breast cancer.
In the field of cancer, first of all, I would like to make
a distinction between the genetics of predisposition,
which I think this Committee is mostly concerned
with, and the genetics of the cancer itself. In cancer
because there is a lump of tissue which has arisen
because of a sequence of genetic changes in the tissue,
we also have the opportunity to do genomic studies
of the cancer itself. They also have important clinical
applications, and I can talk about those as well if you
wish. In terms of predisposition, I agree with much of
what Dr Stefánsson said although not quite all of it.
I think recent advances are that we have continued to
find the rare strongly predisposing genes for certain
types of cancer and to implement them in the clinic;
but the real new advance, as Dr Stefánsson said, has
been in polygenic predisposition. Let us be clear so
that everybody round the table knows what I mean.
You all have diVerent faces. That is not because you
have diVerent face genes, a single face gene, but
because of the combination of 100 or 200 normal
gene variants that you have inherited, which make
your faces look diVerent. The thought here is that if
a combination of 100 or 200 gene variants can make
your faces look diVerent, so it can make your risk of
breast cancer or prostate cancer or colorectal cancer
or whatever also diVerent. You could think of these
genetic variants being dealt out like a hand of cards
at conception. If you have got a bad hand you are at
high risk, and if you have got a good hand you are at
low risk, and most people will be somewhere in
between. So you have probably a normal distribution
of risk. What we are about is identifying the genetic
variants in suYcient numbers that we can define this
risk profile and then place an individual somewhere
along the risk spectrum. As Dr Stefánsson said, a
number of breast cancer genes have been found, five
of them by our group, some by deCode and by others.
They do give you a stratification of risk in the
population, although in my own group we think it is
not as extreme in terms of the numbers of people at
high risk that you can define as Dr Stefánsson would,
but that is maybe too detailed a discussion. In terms
of the rare: common dichotomy, the applications
depend on your point of view. If you are an individual
worrying about your own risk you worry if you have
got one of these rare genes that gives you a chance of
breast cancer of 50 per cent by the time you are 50.
But those genes are very rare, so they do not
contribute much to the overall burden of breast
cancers, and in a sense, from a public health point of
view, they are not so important. The common
polygenic predisposition gives you the opportunity to
assess the risk right across the population and stratify

the generality of people. It relates to all of breast
cancer. It leads to an era of population-based
medicine based on, evaluation of risk in individuals
and the actions that follow from that. Let me say
something about somatic genetics. Here the thought
is that if you take 100 women with breast cancer (or
men with prostate or whatever), we may call them all
“breast cancer”, but actually if you do a genetic
analysis of the tumours you will find there are ten
diVerent diseases in there. The idea is that these
tumours are very diVerent in genetic terms, and so
they need to be fixed diVerently. So diVerent
treatments may be applicable to diVerent breast
cancers depending on the constellation of genetic
faults that they have. The behaviour of the cancer
may be diVerent, so for example, you may need more
or less aggressive treatment. That is another whole
area. I will leave that there. Coming back to your
second question, which is “what about small eVects?”
it depends what you mean by small eVects; it depends
on your viewpoint. If you are the individual who has
got one of the rare predisposing genes, even though it
is a small eVect from the public health point of view,
it is a big eVect as far as you are concerned. I think
this question was aimed at the polygenic model where
the individual genes that make up this distribution
have indeed a small eVect. Most of the time,
knowledge of having one of those genes will not be of
interest to the individual. The important practical
consequences come from the profile that you get by
combining all of those genes, which may be
important from the public health point of view for
identifying high risk groups in the population. The
eVects are also not negligible in terms of what is called
the “attributable fraction.” That is a term which
means that if you were able to remove the eVect of
one of these genetic variants from the population, the
amount by which the burden of breast cancer would
go down. For these common genes, although the
incremental risk to the individual is quite small,
because they are very common they may subtend a
surprisingly large amount of the overall breast cancer
risk. So the best breast cancer gene that our group
found, fibroblast growth factor receptor 2, increases
the risk to an individual only by 1.6 fold (a small
eVect), even if they are a homozygote. But in theory,
if you could remove the eVect of that variant from the
population, if you had a drug that turned it back
down to the normal level, you would get rid of
something like 16 per cent of breast cancers. It is easy
to say that; it is more diYcult to do it; but you see the
point. Talking about small eVects, it depends what
you mean.

Q532 Lord Colwyn: In the House of Lords at the
moment we are examining the Planning Bill and I
have had amendments down pointing out to the
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Government what I believe to be a relationship
between high voltage cables and childhood
leukaemia, which I consider to be quite serious. To
what extent is the risk of common diseases explained
by genetic factors as opposed to environmental or
epigenetic factors, and which are most relevant to
clinical practice, both now and in the future?
Professor Hattersley: I am Andrew Hattersley from
the Peninsula Medical School. My field is working in
the field of diabetes broadly, but also to some extent
with obesity as the major predisposition to type 2
diabetes. Type 2 diabetes is clearly a disease with a
large environmental component. The increase that
we are seeing is the prevalence of Type 2 diabetes
clearly related to changes in lifestyle and not to
genetic changes within the population and that
relates predominantly to changes in diet and exercise.
However, within the group of people who are not
exercising enough and who are eating too much, in
which I would include myself, there is variation
between us about how fat we are and equally our
likelihood of getting type 2 diabetes. There has been
a major advance in understanding which individuals
in our society are more predisposed to obesity and
diabetes with the identification of at least six obesity
genetic variants, and over 20 type 2 diabetes genetic
variants. What that means is that you can predict to
a greater extent than you could before, using
someone’s DNA, the likelihood that they will
develop type 2 diabetes, but clearly there are other
things that will determine risk solely, such as how
heavy they are, and their age and gender and within
our population these are critical. If we combine the
genetic risk factors, you can find a four-fold variation
between the two per cent at the top of the population
and the two per cent at the bottom of the population.
That helps predict risk at a group level but at an
individual level it is really uncertain what the role is.
I agree with Kári that understanding genetic
predisposition is important; we need to know the
aetiology and we need to be able to predict risk. One
clear value would be you could reduce the number of
people in a study looking at improving diet and
exercise if you had a group that were highly
genetically predisposed. Coming back to your
question; in type 2 diabetes we have a major
environmental component, we have a genetic
predisposition and we also have some epigenetic role,
although it is hard to quantify that. To talk about the
percentage depends on how you assess it. If I take
twin studies it will exaggerate the genetic
components. It is very diYcult to begin to dissect the
precise percentage, but both the environment and
genes clearly play a big role. Probably as a country, if
we want to reduce type 2 diabetes in our population,
our approach is going to need to be at a population
level, changing the environment and hence lifestyle.

What I would like to do is just talk about the other
aspect, if I may, which is the opposite end of the
spectrum where the environment plays no role. I
would like to take an example; it is probably the
easiest way to demonstrate it. There is a boy called
Daniel who lives in Shropshire and he was diagnosed
with type 1 diabetes aged 17. He was tall and thin and
nobody had any doubt that he had type 1 diabetes
which required insulin. He was put on insulin four
times a day and told that he would be on this for the
rest of his life. The family were uncertain about this
and asked the doctor whether the fact that his mother
had diabetes, and diabetes ran in the family could
change the diagnosis. The physician was determined
that this was type 1 diabetes and it did not matter
what testing was done, he needed to stay on insulin.
This family contacted us through our website as they
thought he had an inherited sub group of diabetes.
This is an important diagnosis to make, not just for
the prediction of diabetes, but also because it will
alter treatment. In parallel with the advances that
have gone on in the common disorders of finding
variants that alter prediction of risk there have also
been advances in detecting the genes involved in
diabetes and the treatment of these genetic subtypes.
We found that Daniel had a mutation in HNF1 alpha
and that meant they were able to replace their four
times a day insulin injections, which were causing
problems, with fluctuations between low and high
blood sugar, with a single half of a tablet, with much
better control. The diagnosis of monogenic diabetes
applies to around 50,000 people in this country. That
is a form of testing that is widely available but there
is enormous postcode variation in its uptake. In some
parts of the country we have the 250 cases per million
whilst in other parts we have no cases per million.
What you are seeing there is a simple technical
problem, which is that if you took everybody with a
diagnosis of type 1 diabetes and you could pick out
the one per cent that had the diVerent types then you
could radically improve their treatment and that
would save approximately £30,000 per person just on
treatment costs plus the reduction in complications.
The diYculty in making testing for a single gene
disorder widely available where there is a clear
treatment benefit for people with the disorder is
something that I would urge this Committee to look
at. I know that the major emphasis is on what the new
information about genetic predisposition of common
diseases will do. One of the things we would love
would be that the aetiology of your diabetes
determines the treatment used. There already are
really clear-cut examples where a single genetic test
can make the diagnosis and alter the treatment, we
need to be able to bring those into clinical practice
throughout the UK.
Dr Stefánsson: I think this is an extraordinarily
important case that Professor Hattersley pointed out.
I think he is absolutely right that we can learn an
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awful lot from the single gene disorders. They are sort
of our teachers when it comes to this. The risk
assessment that I was talking about before is exactly
in keeping with what the cancer societies in the
Western parts of the world have been emphasising.
They have been emphasising the screening of women
for breast cancer and for cervical cancer. The
American Heart Association and the equivalent in
England have been emphasising screening also when
it comes to the risk of heart attack and the genetic
sequence variants help us to do that. The question of
nature versus nurture, the environment versus
genetics, is a complicated one. In schizophrenia, for
example, it is 70-80 per cent genetic and only 20-30
per cent environmental. With attention deficit
hyperactivity disorder it is the same. The
environmental component is much bigger in type 2
diabetes. Let me give you one story that shows you
that the line of distinction between nature and
nurture can be enormously blurred. The example I
have is of nicotine addiction. We described a variant
in the sequence of the genome in a paper published in
Nature earlier this year that increases the probability
that people become addicted to nicotine. We took this
variant in the sequence, this mutation and we looked
at it in the context of lung cancer and peripheral
arterial disease, which are both diseases that are
largely caused by smoking, and we showed that this
variant increased dramatically the risk of the
diseases. Lung cancer is pretty much purely an
environmental disease because very few people who
do not smoke develop lung cancer, but then you have
a genetic predisposition to seek the environment that
causes the disease. So what is the role of nature and
what is the role of nurture? What is the role of the
environment and what is the role of the gene? I would
respectfully agree with Professor Hattersley that our
body mass, our eating and lack of exercise is
extraordinarily important, but unfortunately our
selection of parents also has a dramatic impact on our
desire to exercise and our body mass. Basically I
think that our understanding of human behaviour is
also going to become a key to our understanding of
how our interaction with the environment leads to
disease. The fact of the matter is that a lot of the
genetic predisposition for common diseases has to do
with the genetic way in which we respond to our
environment. We are still under selection. Thank God
we are not the final product, we are still being
chiselled out of whatever material man is made of and
we are still being selected by our environment.

Q533 Lord Broers: In addition to tests for
susceptibility genes, the Committee has heard about
other types of genomic testing, such as microarray
technologies for profiling gene expression and for
detecting gene deletions. Are these technologies

routinely used in clinical decision-making of
common diseases?
Professor Sir Bruce Ponder: Up to a point, yes. All of
these are not diVerent in principle from looking at
mutations or single nucleotide polymorphisms or
anything else, they are all reporting ultimately on
genetic variation. There are some tests already in
clinical use which report on specific molecular
abnormalities in a cancer which have useful
predictive value, eg the oestrogen receptor (positive
or negative) in breast cancer, the HER2 receptor
which strongly predicts response to Herceptin, the
epidermal growth factor receptor that predicts a
response to particular therapies in lung cancer. In the
classification of leukaemia, cytogenetics (which is
looking at patterns of breaks in the chromosomes)
allows you to classify the type of leukaemia and
predict the course of the disease and the response to
therapy. In the treatment of children with leukaemia
there is a genetic variant which aVects the metabolism
of one of the drugs; it substantially aVects toxicity.
Those are examples of tests which are in routine
clinical practice which report ultimately on the
genetic abnormalities either in the germ line or in the
cancer itself. When we come to talking about the
distribution of risk in the population and so on and
the monogenic diseases, so far the emphasis has been
on DNA sequence and finding mutations or variants,
but it is pretty clear that copy number variation and
individual diVerences in gene expression patterns are
also going to be important, it is just that we have not
explored these very thoroughly yet. They will enter
routine clinical practice probably in some cases, but
not yet.

Q534 Lord Broers: Presumably this is much quicker
and cheaper, is it, these microarrays?
Professor Sir Bruce Ponder: Microarrays are a quick—
not particularly cheap—way of evaluating the level
of activity of a large number of genes all at once so
they give you a snapshot of the pattern of gene
activity. In my case, dealing with cancers, I told you
earlier that if you take 100 women with breast cancer
there may be ten diVerent sorts of breast cancer in
there. The primary way in which these diVerent
subtypes of breast cancer have been characterised is
by looking at their patterns of gene expression. A
technical advance in the last few years has been that
we can now do this for thousands of genes
simultaneously whereas before we could only do
them one at a time, so it makes this classification
possible. Is that classification being applied in clinical
practice? Where women have had a breast tumour
removed which appears to be localised, at the
moment we give nearly all of them additional
chemotherapy because we know that in some cases it
will have spread so we cannot aVord not to treat
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them, but actually in most of them it will not have
spread, so a lot of these women are being treated
unnecessarily. It is hoped that the gene expression
pattern in the tumour will identify with suYcient
precision the ones that have got bad tumours who
need the extra therapy and the ones who have not.
There is a very large-scale trial going on in Europe at
the moment to evaluate that. If the trial is positive, it
will be in routine practice within the next two or
three years.

Q535 Lord Broers: So that trial will be eVective or
are there other people who should be responsible for
gathering data to see whether this is a useful
technique?
Professor Sir Bruce Ponder: I think you can only
gather those data under strictly defined conditions.
You have to know the characteristics of the patients
that you have entered into the study, you have to
know how the gene profiling has been done (because
people have diVerent ideas about how to do that),
and you then have to know precisely how they have
been treated and you have to have accurate
information about the outcome. You will only gather
that sort of information in a properly conducted
clinical trial. The Health Service should give this
country a substantial advantage over other countries
like the United States in doing this sort of work
simply because we have nearly all of our patients in
National Health Service hospitals where in principle,
ie if we had the resources, that should be possible.

Q536 Lord Broers: So it should be the responsibility
of the NHS to organise this?
Professor Sir Bruce Ponder: The NHS is getting better
at that. I sat in this building a few years ago with
others pointing out that it was not putting enough
money into it and now, under the National Health
Service research and development, led by Professor
Sally Davies, more money is coming our way. I think
that point has been taken.

Q537 Chairman: So you think there is now enough
investment in this?
Professor Sir Bruce Ponder: Whoever heard a scientist
say there was enough! No, I do not think there is
quite. I think people under-estimate the costs of
collecting clinical information and clinical samples
properly and rigorously and doing this sort of work.
To be brief about it, it has always frustrated me that
on the one hand there is the area of laboratory
research, which we all know how to fund—it is well
defined, we understand it, the MRC, Cancer
Research UK know how to deal with it— Then on the
other hand there is the area of the hospital where we
deliver a clinical service, and everybody knows what
that is about; and then there is the bit in between.

Everybody wants some action to populate the area in
between where research meets the clinic, but it has
been very diYcult to identify who should take
responsibility for that area. I think there are signs that
this is improving but it has not gone far enough yet.
Dr Stefánsson: I come from a small nation of 300,000
people and we have relatively better organised
clinical data. I work in a very small organisation
called deCode Genetics and we have been able to
contribute probably 100 times more than our little
nation should have done just because we have our
clinical data well organised, as he was asking for. The
space between the laboratory and the clinic is
extremely well organised. We have been able to match
the rest of the world blow-by-blow in the discovery of
disease genes because of that organisation only. I
encourage you to give this man a lot of money to
organise this!
Professor Sir Bruce Ponder: I suppose this is parochial
of me but in Cambridge in the last ten years
something like a quarter of a billion pounds has been
invested in developing cancer research in terms of
buildings and on-going laboratory research funding
for the next five years. The purpose is to take this
research through to the clinic. Everybody is very
willing, nobody is standing in the way, but the
bottleneck is that we just do not have the funding to
make that interface work to the extent that it could.
Dr Stefánsson: That is the reason we are the ones who
discover the genes and you do not!
Professor McKenna: It really comes back to your
question of what testing is implemented in clinical
practice at present. There was a National Service
Framework chapter on arrhythmia and sudden death
that was publicised and published just prior to the
last election. Recently NICE have recommended in
their guidelines that there should be gene testing for
familial hypercholesterolemia. The National Service
Framework chapter mandated the principle that
there should be gene testing for the monogenic
disorders that cause sudden death in the young and
yet on a clinical level that is not readily available. It is
very much, as Professor Hattersley said, down to the
postcode. If you happen to live in one area you can
access gene testing, but in general it is a real struggle
to access mutation analysis for your patients. We
have about 4,000 patients a year with inherited forms
of sudden death and heart failure and we do not have
routine gene testing, we have to do this through
research grants and international collaborations.
Talking about the relative merits, we have not
implemented the scientific knowledge that we have
had for the last 20 years into clinical practice. What
we are talking about here with susceptibility genes is
we are on a frontier, it is an important frontier, but we
should not see the relative merits of environmental
factors and genetic factors as competitive, they are
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both important; we should be looking at both. I
would come back to the fact that we have not taken
advantage of the knowledge that we have to
implement gene testing even for the monogenic
disorders. I think that is an important thing to
underscore.

Q538 Lord Warner: Could I just get clear in my head
this issue about why we are not doing as well as we
might do on the organisation of clinical data that Sir
Bruce was talking about? Is this a money issue or is it
a money issue and/or an organisational issue? You do
have these two separate streams, the MRC stream
and the NHS stream. Learning perhaps from Iceland,
where should you put the eVort to get the
organisation that you want? I think it is important
that we do not just say we want more money. We need
to know where the money needs to go to achieve the
eVect we want.
Professor Sir Bruce Ponder: That is a complicated
question to answer very briefly. In terms of the
information system, which is what you started with,
I am not an expert on this so maybe I should not
comment, but you must be aware that the National
Health Service has been trying to develop a
comprehensive information system for many years
and were that to happen—
Chairman: I think Lord Warner may well be aware
of that.

Q539 Lord Warner: I have the scars which I could
show you!
Professor Sir Bruce Ponder: Were that to happen, it
would be extremely valuable. It seems to me that the
problem has to be fixed locally if we are going to get
anything done soon. There is an organisational
problem there, I face it in Cambridge in persuading
King’s Lynn, Huntingdon, Bury St Edmonds,
Peterborough, wherever, to adopt the same
information system that we have in Cambridge so
that we have the advantages of the whole cancer
network together. That is matter of persuasion and
organisation at that level. You talked about pouring
money in, but that could have a faintly pejorative
ring to it. I would not advocate just tipping money in.
Obviously it has to be carefully scrutinised. From my
point of view, and I am only talking about what I am
trying to do in developing a cancer institute, I need to
establish an environment in the NHS clinics where
there is the time and the resource to do the extra
things that you need to do good research above
delivering a service. We have a project on early
diagnosis of oesophageal cancer. We need to do lots
of oesophagoscopies to see how the oesophageal
lesion is progressing. That would not be part of
routine care so one needs that facility; one needs a
nurse to run it; one gets the biopsies; and they have

to be processed in a very protocol-driven way. Some
pathologist has to report on them and you need the
molecular analysis done. You can see that, without
being extravagant at all, there is quite a web of
support needed to make this happen. I have defined
extremely clearly what that should be and without
wishing to criticise anybody at all because everybody
is trying to help, the fact is that the perception is that
now within the biomedical research centres, of which
Cambridge is one, with NHS research and
development money, we have solved that problem.
The money I get from the biomedical research centre
in Cambridge is not inconsiderable, it is £1.4 million
a year to support the clinical environment for cancer
research across Cambridge but it is not enough, we
need probably another £1 million. Everything is a
question of comparison between opportunities. My
point is that we have a very powerful research engine
there that cannot quite engage what it is trying to
engage, which is the clinic, because that intermediate
bit is not properly resourced. It is very hard to know
which levers you pull to make something happen.

Q540 Baroness Perry of Southwark: Professor
Ponder, you mentioned in an earlier question the
issue of risk stratification. I understand you have
recently published a paper indicating that
information from the newly discovered breast cancer
susceptibility genes could be useful for risk
stratification in the context of screening programmes
in the general population. Can you explain to the
Committee when and how this could happen?
Professor Sir Bruce Ponder: I will try. This goes back
to the idea I was telling you at the beginning, and Dr
Stefánsson was talking about: this genetic hand of
cards that is dealt out at conception. Our study was
to try and find as many as we could of these cards and
then see what sort of distribution of risk in the
population we could define. We first did a theoretical
study where we worked out what the total size of the
genetic eVect of breast cancer should be and therefore
what in principle was the width of this distribution
were one able to define it perfectly. There are various
assumptions involved here which are plausible but I
will not go into them. The diVerence in risk between
a woman in the top 20 per cent of this distribution
and a woman in the bottom 20 per cent would be as
much as 40-fold or, put another way, if you sliced oV
the top ten per cent of this distribution you would
have about 45 per cent of the breast cancers in it.
Clearly if you could define this distribution and if the
model is correct this would have very important
consequences. The problem of course, is can you find
all the genes that make up this distribution? We did
the first genome-wide scan, and Dr Stefánsson’s
company has done others, and we identified just five
genes. If you add those to the ones that Dr Stefánsson
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and others have identified, now we can explain about
five per cent only of this total genetic eVect. The
question was addressed in our paper in the New
England Journal. Everybody says, “Oh gosh, these
are tiny little genes with small eVects on individuals
and you have only found five per cent of the total;
what use is that?” So we set out to examine what use it
was, what sort of distribution that five per cent would
produce and would it be useful. The easiest way I can
put it across to you is to say that at the moment in this
country we do mammographic screening for breast
cancer on an age basis, ie if you are over 50 you are
eligible for mammography. That is actually a risk
criterion. The risk on average if you are aged 50 is 2.3
per cent for breast cancer in the next ten years. How
is the risk distribution altered by these five per cent of
genes? The answer is that ten per cent of women with
the worst hand of genes would reach that risk
criterion aged 41 and that ten per cent of women with
the best hand of genes would never reach it by the age
of 75, something else would get them first. So you can
see even with these small numbers the beginnings of
how you might use this to direct a screening
programme. If you are asking me how and when
would this happen, of course I do not know when it
would happen, but I think there are three things you
have to think about. One is just the mechanics of
doing the genetic testing and that is pretty
straightforward: Dr Stefánsson’s company does it.
We have to find more genes and then that will
improve the discrimination. We have to factor in
environmental and other things. Mammographic
density is a powerful risk factor and that could
probably be put into the equation. So all that is fairly
instant. When you come to applying it the question
is, “is the risk distribution that you can define
useful?”; and usefulness is in the eye of the beholder.
It may be useful or not from the point of view of the
individual who is being asked whether to have this
test or not; and then it may be useful if you are the
Minister of Health thinking about the most eVective
way to deliver screening services or intervention to
the public. Those two points of view may not entirely
coincide, but they both have to be thought about.
And finally, you have to think about what you might
call the social and the educational aspects of this. Let
me give you one illustration of that. At the moment
everybody is oVered breast cancer screening from the
age of 50. Suppose we implemented this risk
algorithm and some women were told that they did
not reach the magic number of 2.3 per cent until they
were 55 and then you implemented a scheme where
you did not start screening those people until they
were 55, of course some of them are going to get
breast cancer when they are 52. How are they going
to feel about that? So you have to think about all of
those issues and how you would implement the

programme. One thing you could do is to keep the
programme as it is at the moment and simply add to
it by screening younger the people who are at higher
risk. That might be one way of starting oV. There are
a lot of very complex issues here. My guess is that it
will be five or 10 or more years before one is ready to
introduce this into the Health Service. You would
introduce it for the disease, in my case the cancer,
where the information was most valuable. That
might be colon cancer because the best screening for
colon cancer is a colonoscopy but that carries not
only discomfort but risks. So there would be a real
point there in identifying the people who really were
at risk and not exposing the other ones. I suspect that
you might introduce it first in one health region or
something like that and pilot it and see how it went,
but that is not my expertise, I do not know.
Dr Stefánsson: I think you are being a bit pessimistic
to say that it will be within the next five or ten years.
I think it is also important to recognise the numbers
that you are giving. When you are looking at the
sequence variants that you and we have been
discovering of late, these are sequence variants that
do not explain the familiality, these are common
variants and they basically explain almost none of the
familiarity.
Professor Sir Bruce Ponder: Five per cent is the figure
I gave, five per cent of the genetic risk. That is not
quite the same as familiality.

Q541 Chairman: Dr Stefánsson, we would like the
information so maybe you could address us rather
than having a meeting amongst yourselves.
Dr Stefánsson: I was trying to be friendly. It did not
work!

Q542 Chairman: It is working very well.
Dr Stefánsson: There is a clear distinction between
rare mutations that have large eVects in explained
familiality and then we have these common variants
that have a relatively small eVect and they do not
explain the familiality, so they explain non-familiar
genetic risk and this is terribly important because you
can capture the familialities with the family history
and then we are left with all of the genetic risk that
does not travel in the family. These new discoveries
that are being made are allowing us to find new risks.
It is extraordinarily important, as I said before, to
capture this risk. If you believe in the
recommendation of the American Cancer Society,
which recommends that women with more than 20
per cent absolute likely risk of breast cancer have an
MRI scan annually—the Americans have a tendency
to go overboard a little bit, we know that, they invade
countries and things like that—how are you going to
find these women who have a more than 20 per cent
absolute risk? The best way to do that systematically
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is to use genetic screening. It is extraordinarily easy to
do it and it is very reliable.

Q543 Lord Warner: It has been suggested to the
Committee that it might be most eYcient for genetic
testing to be carried out in centralised molecular
pathology laboratories. Do you agree? In your
experience is there suYcient expertise in the NHS for
the results of such tests to be used clinically? If not,
what should we be doing?
Professor Hattersley: If you take the first part of the
test, there is no doubt that for the research studies
that have been done with very high throughput
testing of large numbers of markers those have been
much better done in large laboratories. In this
country they are predominantly put under the Sanger
Institute or in companies and have been done
extremely well. I think the question then is it is
diVerent when you come to clinical application. I
would urge the Committee to impose standards of
what they expect rather than saying how it should be
done. What you want is highly accurate testing that
is very quick and very cheap. I think there are dangers
in saying this will come from a particular structure.
To give you an example I went to Exeter in 1995 when
there was no genetic laboratory there at all, not a
single DNA sequencer and since that time we have
been able to establish an NHS service such that we
can now compete with anywhere in the UK in rapid
sequencing of large genes within 24 hours of receiving
a sample. I think it is about the quality of results, not
the size of the lab. There will be times when things will
be much better done on a large scale, but normally
that is things like a research study where you get 5,000
or 10,000 samples delivered to you to do a specific
test. It is diVerent if you start getting individuals
coming in. You could imagine a situation where there
would be central UK testing of DNA. Because DNA
does not change, in contrast to other biochemistry
where you need repeat samples, there could be a
situation where there is a central laboratory that
holds DNA on every individual. When there is utility
for testing and there is the permission of that
individual to do a specific test that would be a
possible approach. The second question was about
whether there was expertise within the NHS to use
this information. As we have heard, the common
genetic information is about interpretation of risk.
Any doctor that measures blood pressure or
cholesterol is eVectively dealing with risk. One of the
diYculties is that people are happy that those are risk
factors but they are not really used to the idea that
genetics is a predisposition, is a risk factor that does
not accurately predict. This is because traditionally in
clinical practice genetics testing is being used in rare
genetic disorders where they are predictive and so you
get a determinism which is not appropriate for

common disease predisposition. I think, therefore,
you will need education on how to use information
on genetic risk. The utility will be adding it to
cholesterol, blood pressure and family history, so it is
adding to conventional risk factors. I would strongly
urge that this does not become the domain of the
clinical geneticist because it has not been their area
traditionally. Even with the monogenic disorders that
we are dealing with within diabetes the crucial thing
is there is adequate training. All the single gene forms
of diabetes have occurred since the training of 90 per
cent of the consultants, which results in a major
education problem. We overcame that in the UK by
taking diabetes specialist nurses with a lot of
experience of diabetes and training them in genetics
by a three-day course and regular updates and
feedback sessions. We need to bring this type of
training into general medicine. There are medical
schools throughout the country that are starting to
assess this challenge. It is a new challenge and it does
need to be tackled.

Q544 Lord Warner: Can I just be clear who you are
saying is the best person to feed the information back
to the patient? I hear you saying it is not the clinical
geneticist, but 90 per cent of people’s encounters with
the NHS are through GPs at the moment.
Professor Hattersley: I would put it in the GPs surgery
when you are dealing with a predisposition not with
a disease sub-group. This would mean it was in the
same place as we measure blood pressure and
cholesterol. Once it reaches a degree of severity or a
level of risk that is far greater you might move on to
secondary care. I see this as a primary care area
predominantly.
Dr Stefánsson: It is. It is also important to recognise
that DNA and the assessment of sequence is
probably easier than most clinical tests that are done
in hospitals because the DNA is so stable and it is so
systematic, you are only assessing three bases, A, C
and G, it is very simple. It is inevitably going to be
done in hospitals in the future.

Q545 Lord Taverne: Can I ask you to do some future
gazing, say for the next 20 or 50 years? What do you
think are the likely developments in genetic medicine?
Is there anything that the NHS should be doing to
prepare for that?
Professor McKenna: The existence of this Committee,
the questions that are being asked and the technology
that we are talking about, I think that we have moved
fairly slowly if you look over decades. The
technology is changing dramatically and probably
the single biggest thing will be the ability to have
rapid sequencing. At present what stops the
monogenic disorder of gene testing is the fact that the
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sequencing of many genes is still expensive and time-
consuming. You will be able to sequence rapidly and
that will be in the next two to three years and that will
make a major diVerence to evaluating single gene
disorders. Also, we have been talking about disease
susceptibility which has genetic variants, but we do
not really understand how these genetic variants
work or what the implications of the mechanisms are
and then appropriate treatments. Understanding the
sequencing should give us the potential to examine in
more detail mechanisms and derive specific
treatments. I would have thought over a fairly short
time-frame, two to five years, that that would be the
hope and expectation.

Q546 Lord Krebs: I want to go back to something
that cropped up earlier on in this session where there
appeared to be a degree of disagreement between Dr
Stefánsson and Professor McKenna and we have
heard this on a number of other occasions, that
experts appear to disagree about the value of genetic
screening for predicting susceptibility to these
common diseases that are polygenic, aVected by
many genes. If there is disagreement and maybe I
have just misread it, is it because you disagree about
the stage of development of the science, is it because
you disagree about the principle that it will at some
stage be possible to have an eVective screening
programme for these polygenic common diseases, or
is it something else, the advice to patients on the
environmental risks more important than advice on
the genetic risks?
Dr Stefánsson: I am in awe of the gentlemen sitting on
my right-hand side. These are all my heroes, great
scientists. I do not think that we disagree about any
principle when it comes to this. All of us believe that
finding these variants is going to allow us to predict
risk in such a manner that it will allow for the
paradigm shift from intervention to preventative
medicine. There may be a subtle disagreement as to
when we should implement this, when we should
make tests like this available. It is clear where I stand.
I work for a company that has already put in the
market six of these tests and I am willing to defend
their use at any time in any place. There is no question
in my mind that we are all at a place where the
assessment of risk is meaningful. I think it is
meaningful to be able to separate the women with
least genetic risk of breast cancer from the ones with
the greatest risk, there is a 40 times diVerence in the
risk that they have. If you believe, like the cancer
societies, in screening, I think it is reasonable to use
them now. He believes that we should probably wait
a little bit longer. I do not think we diVer on the
principle. It is a question of implementation, when

should we do it, at what point in time should these
tests be made available, et cetera. It is somewhat
dangerous to sit and wait until we have discovered
everything. I think you have to jump into the pool
and you have to begin to use this because we are never
going to learn how to use these tests intelligently
unless we use them.
Professor Hattersley: I would reinforce that. I would
strongly agree that the significance of predicting risk
in an individual often relates to the condition that
you are talking about and whether it is actually
helpful to know that risk. Firstly, how much
increased risk can be detected by the genetic test and
secondly, is there a next step that you can bring in
knowing that people are at higher risk? In some ways
my slight reluctance to use this testing in type 2
diabetes at present reflects the fact that we do not take
note at the moment of the family history of those that
are at high risk of type 2 diabetes and put them
through an intensive diet and exercise programme.
Hence it seems to me false when we do not use
information that gives a doubling of the risk that we
start to change behaviour on the basis of molecular
genetic information which may have less impact on
risk. That is in complete contrast to the other
conditions that Kári has used as examples and Bruce
has talked about where there is a screening procedure
and early diagnosis will make a diVerence. I would
certainly agree that if you can stratify risk, and
stratifying risk will help your selection for a
particular programme that is initiated by risk, then
there is a clear future. I would agree with Kári that we
need to start using it to learn rather than waiting for
too many theoretical answers.
Professor Sir Bruce Ponder: I do not disagree at all on
the principles; I only have a slight disagreement with
Dr Stefánsson on the magnitude of the risks which we
can detect at the moment, but I think that will resolve
itself as we go forward. The thing that troubles me
slightly or makes me hesitate is that it is one thing to
identify people who are at risk but it is only
worthwhile doing that if some action follows, and we
are going to have to think quite carefully about the
actions. Just to take one example, prostate cancer,
there is a screening test for prostate cancer, PSA,
which you will be aware is surrounded with all sorts
of questions and doubts, so as we get better at
defining risk and then we turn that into programmes
of early detection we have to be careful about what it
is we are detecting early and how we sort out that
problem. My bid for the genomic future for the next
20 or 50 years in the context of the NHS is that we
need to address that whole package. The NHS is well
placed to assemble cohorts of people who have this
testing, are at risk and who are followed through, and
we must address all of the other implications at the
same time.
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Q547 Chairman: Before we finish let me ask you a
challenging question which you may or may not wish
to answer. If I were to ask you for one
recommendation you would like to see in the report
what would that be?
Professor Sir Bruce Ponder: The recognition that to
take this work forward is going to require quite
extensive clinical studies and we need to appreciate
the level of resource that is needed to make that
happen.

Q548 Chairman: Do you have any comment
Professor Hattersley?
Professor Hatterlsey: I think the one thing that I would
say is to look at an aspect that we have not talked
about which is treatment response and actually to
urge within the NHS that we start to collect
information, in common conditions like
hypertension and type 2 diabetes, on treatment
response. To my knowledge there is only place doing
it well at the moment which is Dundee. I think
another role for genetics is the individualisation of
care. In diabetes we have learnt this is possible for the
monogenic diabetes but it is going to occur within
polygenic type 2 diabetes. At the moment the data is
not being collected to allow the genetic revolution to
influence which treatment we use for each individual
person once they have got the disease. This is a
diVerent question than the one of prediction of risk.
Professor McKenna: The NHS is a phenomenal
resource and Dr Stefánsson made the distinction
between familial risk and genetic variations which are
not necessarily familial. A good family history is a
poor man’s gene test. We have that available to us
and yet how many family doctors actually have on
their computers that family background? Clinical
cohorts are an enormous resource. Bruce mentioned
putting resource in—resource into information
related to characterisaition of families and patient
cohorts. The second thing would be doing the DNA
testing is one thing, how you interpret it is another
and then delivering that, and that comes back to GPs
and maybe specialist individuals, probably not the
genetics community, who are going to have to invest
in training and teaching of general practitioners in
relation to genetic risk in general. I think that is very
important and it has not happened.

Dr Stefánsson: I think it is important for you to
recognise that when you are doing genetic studies
with this premise for being able to use genetics in
clinical practice you are simply comparing two sets of
data. You are comparing data on phenotypes and
you are comparing data on the risk of a disease, the
progression of a disease and the prognosis of a
disease with variation in the sequence of these A C Gs
and Ts. Our technology to look at the variations in
the sequence of the genome has been advancing very
rapidly. I think it is correct that within the next three
years we will be sequencing the entire genome of
thousands and thousands of people. Where most
people are lagging behind is when it comes to the
definition of these phenotypes when it comes to
keeping records, when it comes to having access to
records. I think that if you want to let genetics have
an impact on your health care system and if you want
to contribute like you should in advancing
personalised medicine and the use of genetics in
medicine, you have to introduce good electronic
medical records into all your hospitals into your
primary care. You have to accept the necessity of
being able to gather large data sets into registries like
people have done in Scandinavia. You have to accept
that there are rights that transcend the right to
privacy. Absolute privacy would be simply taking the
individual when he is born and putting him into a bag
and not letting him out. You have to have access to
data to be able to make discoveries and then to
implement good health care. My recommendation to
you is that you stop wasting your resources invading
Icelandic banks on the basis of terrorist acts and you
begin to focus on medical records!
Chairman: I wondered if you would get to that point.
We will not progress with that. Thank you,
gentlemen, for coming today, it has been most useful.
I know that on many occasions you would probably
want to expand more on the questions asked than
you did at the time. Can I encourage you that if you
want to submit any further evidence to us that might
be important please feel free to do so and we will
regard it as oYcial evidence in our report. I encourage
you to write in on any particular points that you
wished to expand on. Thank you today for coming. I
know, Dr Stefánsson, you have travelled from
Iceland and we appreciate that, so thank you all of
you.
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Supplementary memorandum by Professor Sir Bruce Ponder

(1) Testing for Individual Susceptibility Using Risk Profiles Based on SNPs (Single Nucleotide

Polymorphisms) Because of Risk

The Committee examined this in their second session on 22 October at which I was not present. The witnesses
at that session were from the commercial sector.

My colleagues and I have been concerned by recent publicity about tests which are, or are about to be,
marketed which claim to predict individual risk from SNPs, alone or in combination with other risk factors.
The publicity for these tests has attracted the attention of media and the cancer charities, and we have received
several requests for our advice.

Our concern is that some of these tests may not be well founded. Very rigorous statistical criteria are needed,
together with independent replication, before a claimed association of an SNP with susceptibility can be
believed. For example, in the International Breast Cancer Association Studies Consortium, only one of the
top ranked 27 SNPs identified as possibly associated with breast cancer susceptibility by member laboratories,
was actually replicated when tested in the entire Consortium set of 20,000 breast cancer cases and 20,000
controls. The main reason for this is that the prior probability of any “candidate” SNP actually being involved
in susceptibility is very low. As a result, most apparent associations will be chance, and rigorous statistical
criteria must be satisfied before they can be accepted.

I do not mean to imply that all such tests that are currently being oVered are unreliable. Some almost certainly
are; some are based on real associations, but the risks attributed to those associations may not be reliable; other
tests will be well founded. In my view and that of my colleagues regulation is needed to ensure that before tests
are advertised to the public, their scientific and statistical basis has been adequately scrutinised.

(2) Genomic Medicine Over the Next 20–50 Years

I would like to amplify a point which I was able to make only briefly in oral evidence. The Committee’s
discussion was about the “personalised medicine” that may flow from genetics and genomics, and which may
promise greater eYciency and eVectiveness in health care.

My point is that we will be moving from the genetics of the past 30 years, which for the most part dealt with
rare conditions and small numbers of individuals, to a population based medicine which will involve very large
numbers of people, but—for each individual—only small increments of risk.

This brings a problem of numbers. The populations that will need to be involved initially in the research
studies, and later in the applications within the NHS of these approaches, will be large. The structures and
resources to deal with this will take several years to establish, and must be thought about now. This is a
challenge; but because of the structure of the NHS, we could potentially take a world leading role.

I will give one example. Early detection and prevention of cancer are NHS priorities set out in the Cancer
Reform Strategy. One approach to prevention is to give generic advice—stop smoking; eat five pieces of fruit
a day. But another approach to early detection and prevention, which is the approach that is based on
genomics, is to identify high risk groups and target them. For example, high risk groups for early detection
and prevention in lung cancer and oesophageal cancer could be identified by some combination of genetic risk
factors, medical history (smoking, indigestion), and pathology (abnormal cells in the sputum). However the
high risk group is identified, it is likely that there will only be about one cancer per year for every 200 people
in that group. So a research study to investigate better means of detection, of prediction of the outcome, and
the eVectiveness of an intervention, will require a minimum of 4,000 individuals to “yield” 20 cancers a year,
which is about the smallest number on which statistically reliable evaluations could be made.

The practicality and expense of this depends on the sorts of observations that are needed. If the high risk lung
or oesophageal cancer cohorts must be followed by regular bronchoscopy or oesophagoscopy, then arranging
this for 4,000 people on an annual basis as part of a research study will be expensive and (in the current research
setting) at the limits of feasibility. And of course if the research suggested that such surveillance was of benefit
and that it should be adopted as standard of care in the NHS, the resource implications would be even larger
because now the whole population would be eligible. It may be possible in time to arrive at “nested” designs
in which complex investigations are reserved for small subgroups at the highest risk, and these subgroups were
identified by less expensive initial screening of the starting group. But to get to this point will almost certainly
need larger studies in the first place.
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The numbers problem could be even more challenging if, as is likely, the pre-cancerous conditions that we aim
to detect are heterogeneous. We already have an example of this in early detection of prostate cancer by PSA
where some “cancers” are aggressive, but the majority are not life threatening. So we must bear in mind that
as we get better at early detection, we run a risk of identifying a whole new population who will be stigmatised
as “cancer patients”, but who could more happily have been left undiscovered. Sorting this out is part of the
challenge for research; but it may require even larger numbers to provide statistical power.

The above paragraphs related to susceptibility, risk, and early detection. The other potential application of
genomic medicine in cancer also has resource applications. Here, we aim to match treatment to the molecular
make-up of each individual cancer. The implications here are that, if this were to be applied on a population
scale, district hospitals as well as tertiary centres would have to be set up for collecting frozen tissue samples
under defined conditions, and pathology laboratories would have to be available to carry out the required
analyses. This type of genomic cancer medicine will be worked out first in tertiary centres; my own view is that
one or more regional pilot studies will then be necessary to examine the costs and benefits of this approach in
the more general NHS context.

Summary:

(1) “Personalised medicine” is potentially applicable to the whole population, and will require large scale
studies to develop, and to demonstrate its eYcacy.

(2) This will require recruitment of individuals into research cohorts, collection of large number of blood
samples and tissue samples under defined conditions, collection of the related clinical information, and long-
term surveillance of diVerent levels of complexity to evaluate programmes of early detection and intervention.
Studies of this sort on this scale are expensive.

(3) The current hospital environment is generally not ideal for the development of early detection and
intervention. It may be that both the research, and subsequent application, would be better developed from
community centres built for this purpose.

November 2008

Examination of Witnesses

Witnesses: Mr Brian Whitley, Managing Director, and Dr Paul Jenkins, Managing Team, Genetic Health,
Mr Alistair Hall, Director, MediChecks.com; and Dr Kári Stefánsson, President and Chief Executive of

deCode, examined.

Q549 Chairman: Good morning, welcome and
thank you for coming to assist us with this inquiry.
For those of you who were not in the earlier session,
this session is being televised so please can you not
have conversations—and that applies to all of us too.
Because the session is starting slightly late and we
have limited time, I will encourage you to be brief and
succinct if you can. We appreciate very much all of
you coming to give evidence today. If any of you have
any initial comments to make, please feel free to do
so. When you speak for the first time will you say who
you are for the record.
Mr Whitley: If I may start, my name is Brian Whitley
and I am the Managing Director of Genetic Health.
Genetic Health is a small private health company set
up three years ago in England. We screen clients for a
number of polygenic diseases of aging where there is
a recognised interplay between genetic predisposition
and lifestyle environment. We also oVer other tests in
a clinic environment. We oVer blood tests and various
preventive health diagnostic tests at our main clinic in
London. I should point out that our company does
not at present test for single gene defects such as
Huntington’s, BRAC-1, BRAC-2, et cetera. Our
services are made available to clients through doctors

in the UK as well as using the internet as an
advertising medium (but with medical oversight). We
do have a clinic presence here in the UK and clients
come and consult with our doctors as well as at other
clinical locations. It is important to stress that in our
company every client has a consultation with a
trained doctor to explain the results, answer any
questions that they have and ensure that the client
when they leave the consultation fully understands
the clinical implications of the test results. We believe
that this is an essential part of the process. We do not
sell directly over the internet and we refuse about 20
per cent of the clients coming to us for genetic tests
because we feel that it is not going to help them.
Chairman: If you do not have any comments to make
can I refer to Baroness O’Neill.

Q550 Baroness O’Neill of Bengarve: This is a
question that I think has to run along the table. Can
you describe the range of genetic tests and services
that your companies oVer directly to consumers? I
realise a complete catalogue will not be possible but
perhaps beginning with Mr Whitley.
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Mr Whitley: We test a relatively small number of
genes, about 50 or 60 genes that we feel are well-
written up in peer-reviewed journals globally. Of
course that will change with time but we test for those
at the moment and they are in the following broad
areas: arteriosclerosis (heart disease); Alzheimer’s
risk; blood clotting; hypertension; a general cancer
risk; drug metabolism; obesity and diabetes;
osteoporosis and fracture risk; and some steroid
metabolism and hormone replacement risk.
Dr Jenkins: I am Dr Paul Jenkins, Consultant
Physician and Medical Director of Genetic Health so
my responses are the same.
Mr Hall: My name is Alistair Hall and I am the
Director of MediChecks.com Ltd. We are an
internet-based health screening and diagnostic
testing company. Ideally we provide general health
screening direct to the public. In respect of genetic
tests we do provide a very, very broad range of genetic
tests direct to the consumer. However, this is only
possible with a consultant referral. The journey of
buying a genetic test will start with that consultant
referral. It will be the consultant’s responsibility to
ensure that the patient is properly counselled both pre
and post test and also for the consultant to collect any
necessary family history, et cetera. We are really a
means for the patient to get access to a fast genetic
test but we do not play any part in interpreting the
result or providing the result to the client. The result
will be sent directly to the consultant for the
consultant to give to the patient.
Dr Stefánsson: I work for a company that has been
focused on the discovery of genes that confer risk of
common diseases. We have contributed a very large
percentage of the discoveries of genes that confer risk
of common diseases over the past few years. We have
converted some of our discoveries into genetic tests
that we market directly to the consumer through the
internet. I want to emphasise that we live in a society
where we believe in the right of the individual for self-
determination. I personally find it rather peculiar
that a society that sells us alcohol, that a society that
sells us cigarettes, that a society that sells us all kinds
of other products that we know are not only
damaging to us but lethal is wondering whether it is
acceptable to allow people to learn about the risk of
disease directly. I think that is fairly patronising. I
think it is not only our right to learn as much about
ourselves as we can, it is our duty, and a part of who
we are is our vulnerabilities and our risk of disease is
among those vulnerabilities. I think that any man
should be allowed, if he has the means to do it, to
learn about the risk of disease. We are trying to meet
that unmet need in society. We are selling people
access to the best genetics in the world. We know how
to do this, we are the guys who have made these
discoveries, and we are giving people access now to

the assessment of the genetic risk of certain diseases
and we have raised the bar very high when it comes to
how well their sequence variants have been replicated
that confer the risk of disease.

Q551 Baroness O’Neill of Bengarve: Am I correct in
inferring from that that you do not oVer counselling
as part of the package?
Dr Stefánsson: We do oVer counselling but we do not
impose counselling on people.

Q552 Baroness O’Neill of Bengarve: And the
counselling is provided by?
Dr Stefánsson: Mostly by medical doctors but also by
genetic counsellors if people ask for that. When it
comes to the results of the genetic profiling in what we
are marketing as deCode Me and what they mean,
there are those who want to see the results alone.
When I got my results I closed my oYce door and
looked at them. I did not want to have anyone close
to me. There are those who want to have a doctor
with them when they look at it. There are those who
want to have genetic counsellors or their family. I
think that people should have the right to decide that.
It is a part of exercising the right of self-
determination.

Q553 Lord Krebs: If I could really pick up and
develop that theme, Dr Stefánsson, you referred to
the fact that people can buy alcohol and tobacco so
why should they not be able to buy genetic tests. Of
course it is the case, at least in this country, that if you
buy tobacco it carries a severe health warning on the
packet and increasingly alcohol the same on the
bottle. I wanted to ask you about the benefits and
risks of having these commercial tests carried out on
their own DNA. I just refer to two articles, one that
appeared in the American Journal of Genetics a few
months ago which says: “There is insuYcient
scientific evidence to conclude that genomic profiles
are useful in measuring genetic risks for common
diseases or in developing personalised diet and
lifestyle recommendations for disease prevention.”
This is a review of various meta-analyses by Janssens
et al. Presumably you disagree with that conclusion
and perhaps you would explain why. The other one is
the article which you are all familiar with since your
photographs are in it, in the Sunday Times, which
points out that individuals submitting their DNA to
two of the three companies represented here got very
diVerent advice back. What exactly are the benefits
and risks and how do you respond to those?
Dr Stefánsson: Let me respond to that. First of all not
only do I disagree with the statement in the paper
from the American Journal of Human Genetics but
also most prestigious scientific journals in the world
do because we would not be able to publish results in
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journals like Nature and Science, et cetera, unless at
least those who reviewed these papers believed that
the statistics are correct. This is plainly incorrect
because this profile is just a tally or measurement of
risk for individual diseases where the scientific
community has determined by setting certain
standards that indeed these variants confer risk. It is
just wrong, plainly. I do not read the English
newspapers (I try to avoid them) so I have not seen
that newspaper article that you are talking about but
I would not be surprised if there were a discrepancy
between reports coming from various universities
and various companies because I think it is very
possible. I can only speak for my company. We have
set ourselves extraordinarily high standards when it
comes to analytical validation and when it comes to
proficiency testing, et cetera. We would not be
making the discoveries that we do unless we had good
laboratories. I am not necessarily saying that the
results from companies that diVer from ours are bad
results. They might simply have selected diVerent
markers, diVerent paradigms for assessing risk and it
is possible that diVerent results coming out of such
tests can all be accurate given the premises that
people have used. As I say, I can only answer for my
own company. I do not know what standards people
use elsewhere. I do not know how well validated their
analytical tests are.

Q554 Lord Krebs: But it does not surprise you that
if I submitted my DNA to the three companies here I
would get diVerent advice about risk from the three
companies?
Dr Stefánsson: I can tell you that you will get accurate
results from us. You are going to get advice that is in
keeping with the latest view in the field. That is all I
can tell you. I think it is extraordinarily important to
regulate tests like this, regulate in the sense there has
to be a regulatory body that makes sure that
companies that do this have their tests analytically
validated, so they are not making claims that are not
sustained by the literature. No-one should be allowed
to make a claim about usefulness unless it is backed
up by good scientific studies. As I said before, I feel it
is extraordinarily important that we as individuals,
not some regulatory body, decide what we can learn
about ourselves. I think that is important because I
think our society allows us to do all kinds of things
that are dangerous to ourselves and I think it is less
dangerous to know your risks than walking around
without knowing them and I think that the danger of
not knowing them is greater than the risk of fear from
knowing them. However, I think it is incredibly
important to regulate the quality of the tests that are
done and the claims that are made. I would vote for
that time and again.

Dr Jenkins: I think there are two points to that. The
first is the benefit to an individual. I would reiterate
that I think it is about individual choice, if they
choose to have an informed decision that they can
then make on their potential genetic risk, which is just
one part—and I would emphasise this repeatedly—of
their overall medical assessment of their global risk to
developing a disease. I do not think that genetic
results should be given to a patient without medical
input. I think it is a crucial part of it that an
experienced physician in the preventive medicine field
can use the genetic results as part of their overall risk
profile. I think there are numerous examples and if
people choose to know that they are at a ten to 20-
fold increased risk of Alzheimer’s disease so long as
they properly consent to it and are fully aware of the
implications then they should be allowed to know so.

Q555 Chairman: Would you comment on the
question Lord Krebs asked which is if he submitted
his DNA to three diVerent companies he is likely to
get three diVerent risk assessments? Would you think
that is acceptable?
Dr Jenkins: I think the diVerence in that is
interpretation. I think we would all reiterate that
there has to be quality control in the performance of
the test. In medicine in general you will frequently see
patients who seek a second opinion, and presented
with exactly the same hard facts of (in my speciality)
a thyroid nodule with a blood test demonstrating the
functioning of the thyroid test will get two completely
diVerent opinions from specialists as to how to
interpret those tests and how they should be done. I
think the interpretation will vary. We think we have
been particularly cautious but in our estimate—

Q556 Chairman: Dr Jenkins, does that not suggest
that if the interpretation varies then the person whose
DNA check it is carries considerable risk by this
testing? You would not expect diVerent biochemists
to interpret blood sugar diVerently.
Dr Jenkins: The clinical implication of what that
means can vary and that is why the imparting of that
information has to be part of a clinical consultation
so you can express it in terms to the patient that they
understand combined with the rest of their clinical
facts and clinical risk factors.
Mr Hall: Although as part of the service that we
provide to the public we do not oVer any
interpretation of the results, looking at what you
said, how can somebody be told one thing from one
company and another thing from another company,
the easiest thing there to regulate is the quality of the
result that you are getting back. The harder thing to
regulate is how the results are interpreted and how
those results are then put over to the patient in terms
of risk assessment or diagnosis. Certainly if the
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and Dr Kári Stefánsson

laboratory that is used to analyse the sample is
properly accredited, if it adheres to proper internal
and external quality assurance procedures there
should be very, very little—in fact no diVerence—in
the genetic results that are being produced.
Dr Stefánsson: You have your finger on a very
important button and I think that my colleagues here
are basically trivialising the problem. This is a real
problem. The problem is the one on claim after you
have claimed that it carries a certain risk with it. It is
not just an analytical problem. It is a question of what
is the theoretical basis of the claim that is being made.
I think that all of these companies are extending
themselves and doing this well but there has to be
some sort of regulatory body that does not only
determine whether it is analytically correct but also
whether the claims that are being made on a correct
reading of sequence are sustainable. I think it is
terribly important to have such a regulatory
mechanism to make sure that when people are
exercising what I consider freedom of choice and
decide to have this test done to get results and
interpretation of that data correct.

Q557 Chairman: I am going to pursue this slightly
because it is a very important point that has been
brought out by Lord Krebs and others. We are told
that the laboratories that carry out genetic sequences
adopt a strict methodology and that there is no
variation or that there should not be any variances in
the way that DNA is analysed. We have a situation
where having analysed you have gene markers that
are identified that might be risk factors for certain
diseases. Are you telling me that the interpretation of
that could vary because, if so, that is a serious issue?
Dr Stefánsson: It is not the interpretation of the lab
test; it is the selection of the sequence variants that
you look at. For example when you are looking at the
risk of breast cancer, when you are looking at the risk
of prostate cancer, when you are looking at the risk of
Alzheimer’s Disease you have a choice of the markers
that you use and you may select only two markers
that capture only a small part of the total genetic risk
that is known and another lab may select ten
markers.

Q558 Chairman: So when you market these tests
directly to consumers do you say to consumers “our
laboratory will only test for two markers”?
Dr Stefánsson: In our case if you go onto our web site
you can see a comprehensive description of what we
do.
Mr Whitley: I would agree with the comments made
about accuracy and use of markers. I spent some time
speaking to the journalist who wrote this and I can
confirm, having read it and having spoken with the
journalist, that he was aware that one of the markers

was totally diVerent from other markers used.
Without going into too much detail, two sets of the
conclusions about cardiovascular disease were
roughly in line with each other and they were using a
set of similar markers. Another set (which was out)
was using a completely diVerent marker. He was
aware of this and I advised him not to be too
sensational in this article. In instances like this type of
reporting it is important that the markers are clearly
shown and what are you testing for. I know that
deCode have their markers on their site and we are
beginning to put all our markers up on our site. It is
important that you compare apples with apples. The
second part is the interpretation and that is where a
huge amount of eVort has been made by everybody,
all doctors and all commercial outfits, to try and
standardise how interpretation is done, be clear
about what algorithms they are using, ensure they are
using good pooled data. I think we may well be
coming on to discuss more about that under
regulatory aspects because that would form a very
important part of the regulatory regime.

Q559 Lord Warner: I am slightly confused by some
of this. It is a fairly standard practice in most
reasonably advanced countries that you have a
system of labelling of whatever on the tin which
actually says what is in the tin and it is very clear and
that is regulated. Where there are uncertainties in
areas like pharmaceuticals you actually have a
regulatory system where some things are over-the-
counter where it is deemed to be safe to do so. Others
are not over-the-counter, they are prescribed by a
physician and in a sense are actually administered
under some professional supervision. What we seem
to have in this area, listening to what you are saying,
is a free-for-all. If there is a test which has a particular
label on it for a particular disease, it is up to the
laboratory to decide which markers to use or to not
use. It is not very clear to me that you actually then
make it clear to everybody what the level of variation
might be in terms of the risk, or have I missed
something?
Dr Stefánsson: At least in our case we explain the level
of variation in a text and in graphs. We spend a lot of
energy on explaining exactly this level of variation.
What I was calling for before is some sort of a
regulatory body that weighs in on the selection of
markers when people are assessing risk like this to
make it easier for people to understand what is being
oVered to them so that there is some sort of
community eVort to make it easier for people to
understand it. I think this information is extremely
important for people. What we have done is basically
we have gone on the basis of discoveries that we have
made and we are extending ourselves to make sure
that we are using the best methods available, and I am
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sure my colleagues are doing the same, but still it is
the question of testing, and I think that should be
overseen by a regulatory body.

Q560 Lord Taverne: The question of regulation has
already been raised which I was going to ask in a later
question and it seems to me that you all agree that it is
important that these tests should be regulated. First,
how is the analytical quality of genetic tests assured
in your companies’ laboratories? Are you bound by
the IVDD Directive which of course refers to low risk
only, or are there any other statutory or non-
statutory codes? Are you in favour of a voluntary
code of practice which should apply or would you
like it to be an externally imposed code of practice?
Mr Hall: If I could start oV, MediChecks.com is not
a laboratory. We utilise a private laboratory based in
London which is quite well-known called The
Doctor’s Laboratory. That is where we refer all of our
blood samples, whether it is genetic or biochemistry
or whatever, to be analysed. As I said before, it is a
fully CPA-accredited laboratory and it is bound by
the IVDDD. Obviously they carry out all of our
genetic tests. I think where some regulation should
come into play is how the results are interpreted and
in what format they should be presented to the
patient. I would definitely agree that all of the
laboratories that are used for any test, whether it is
genetic or whatever, should adhere to some sort or
internal and external quality assurance schemes.

Q561 Lord Taverne: A general code?
Mr Hall: A general code anyway but I think more
specific towards genetics whereby diVerent tests, as it
was raised before, although it may be called for
example an Alzheimer’s screening, three or four
diVerent laboratories may be looking at diVerent
elements, so some sort of level of standardisation
should be brought in.

Q562 Lord Colwyn: Who do you send the results of
your tests to?
Mr Hall: To the patient’s consultant.

Q563 Lord Colwyn: And they then decide who is
going to do it?
Mr Hall: We only make a genetic test available if the
patient will provide us with a letter of referral from
their consultant. Once we have that letter of referral
from the consultant, it is the consultant who will
counsel the individual, then we will arrange for that
individual to have a blood sample taken locally to
wherever they live in the UK, we will get it couriered
to the lab, we receive the results back in X amount of
weeks or months, those results are then forwarded to
the consultant and the consultant will take over from

there. In essence I suppose we are like a pathology
logistics companies.
Mr Whitley: There are two issues here: the regulation
of interpretation and the regulation of laboratories.
There are well-known, good and powerful standards
in the UK and in Europe and around the world for
regulating laboratories. For interest’s sake our
laboratories are regulated to current standards that
are the ISO standards and the pathology standards
that refer to their location. They happen to be
currently in Austria and Austria has some of the
strictest controls that exist in this type of laboratory
and they have been allowed by the Austrian
Government (one of the few laboratories in their
country) to be able to perform genetic tests for
humans. We are in the process of setting up our own
laboratories here in the UK and I have been involved
in the regulatory field most of my life and I will
obviously follow the recommendations that have
been put down by the Human Genetics Commission
and others which are very sound recommendations as
to how any laboratory doing any medical tests should
be controlled. As for the potential instrument for
control, having attended the debate recently by the
Human Genetics Commission where they invited
industry to come and comment, it is clear that there
are some excellent instruments just sitting there
waiting to be executed and waiting to be brought into
this arena. The IVDD Directive is a very, very good
one and if one adds into that sections that are
probably missing from it such as interpretations and
maybe bring in some of the parts of the Human
Tissue Act on storage, disposal and security of DNA,
for example, I think it would become an excellent
instrument. Whether it should be voluntary or not is
another matter. I know that a lot of people are
pressing for it to be voluntary. It definitely should be
made in the first instance voluntary but I would like
to see it enforced. My research background is in
medical devices and implants and that is a highly
enforceable area and I see no reason why this should
not be enforced, but it does rather raise the question
as to who is the enforcer. I know that provides a
resource diYculty. If the MHRA could allocate
resources and individuals to enforce this I think the
enforcement and regulation of this can move very,
very quickly ahead, certainly the recommendations
by the OECD for best practice and the very clear
recommendations put forward by the HGC at their
recent meeting and in their two excellent documents
Genes Direct and More Genes Direct give a perfect
framework for doing this.

Q564 Baroness Perry of Southwark: Given the many
uncertainties that we have talked about that still exist
in the testing, is there any merit in following the
Californian model where they banned any genetic
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testing by companies unless the tests are prescribed
by a doctor and carried out in a laboratory which has
been oYcially approved? Is that a route that we
should follow?
Dr Jenkins: I would say in part yes. I do not think that
tests necessarily have to be prescribed by a doctor
because for the reasons we have discussed I think
individuals have the right to make an informed
choice whether they wish to have some of these tests
in a commercial private setting. I do have a belief that
the results should be imparted most definitely as part
of a medical consultation and only given by a doctor.
I think the potential information, both good and bad,
and the potential concerns or false concerns that you
might give patients are too great for them to be given
without the proper medical consultation.

Q565 Baroness Perry of Southwark: And the tests
carried out in an accredited laboratory?
Dr Jenkins: Yes, I think we would all support
accreditation and full regulation in that way. This is
just one part of a person’s overall assessment of
medical conditions. We are interested really in trying
to detect early disease and/or prevent it and that can
only be carried out as an holistic overall medical
assessment.
Dr Stefánsson: I think that it is an extraordinarily
patronising view to believe that information about
individuals should have to be filtered by a
professional. I have been a physician for more than a
quarter of a century and I have interacted with an
awful lot of patients and what has happened over the
past ten years or so is that there has been a
tremendous change in the education of patients who
come and see physicians. Today a person with a
reasonable education does not come to a physician
with a new problem unless they have gone on the
internet and they have downloaded a lot of
information on the condition. They have even gone
on to diagnostic computer programmes available on
the Net and tried to figure out themselves what is
wrong with them. It is an attempt to seize control of
their own health care and, with considerable respect
to my profession, there is no-one who is more
concerned about the health of an individual than the
individual himself. Tests like this are simply an
extension to provide people with an opportunity to
understand their own risk. If you put a physician in
between an individual and information like this it
decreases the probability that people will seek this
information. There is always a certain percentage of
the population who is not going to get it because they
do not want to have a physician providing them with
this information, and I think it is infinitely more
dangerous to walk around with a very substantial risk
of a disease not knowing it than becoming somewhat
concerned because you learn about it. Keep in mind

that at the heart of all attempts to screen for
diseases—the screening for breast cancer, the
screening for cervical cancer, the screening for the of
heart attack, et cetera—are all based on eliciting
concerns in the minds of people otherwise they are
not going to come for screening. I think this is
another example of what you could almost call a
labour union tactic to want to direct everything that
has to do with health care through physicians. That
belongs to the past—thank God.

Q566 Lord Colwyn: Could you briefly tell us how
your companies ensure that genetic data is kept
securely?
Mr Hall: At my company MediChecks.com we store
all information about the patients and obviously we
store a copy of their genetic results or genetic testing.
We store those internally on our encrypted servers.
They are not divulged to any third party, not even
their own doctors, without their prior written
consent. We are registered under the Data Protection
Act and we are obviously a very ethical company and
work very consciously within the realms of data
protection. The results are only disclosed to the
patient’s consultant again with the consent of the
patient. There is some limitation on what we can do
as a company to control what the consultant does
with the patient’s results but as far as we are
concerned we take every step to ensure that their
personal medical information is held securely.

Q567 Chairman: Do you hold the DNA sample
forever?
Mr Hall: We are not actually a laboratory so we do
not handle any—

Q568 Chairman: Does the laboratory hold it?
Mr Hall: The Doctor’s Laboratory, the laboratory
that will be testing the sample, they will hold on to a
copy of the results and they will also hold on to the
DNA and a copy of the blood sample, or a sample of
the blood sample if you like, for a specific period of
time, but again the only people that will actually have
access to that information would be ourselves as the
company that initiated the test or the actual
individual themselves.

Q569 Lord Colwyn: In the days when you can hack
into the Pentagon?
Mr Hall: Anything is hackable. If you work at
something long enough, nothing is bullet proof. All
you can do is be seen to be using the latest methods
in technology to ensure that that information is kept
as secure as possible. You hear of government
oYcials losing disks with X amount of information
on. That could equally happen with DNA records,
et cetera.
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Q570 Chairman: Whoever requests the test, whether
a patient or a member of the public, are they aware
that the company is holding on to their DNA sample?
Mr Hall: Yes.

Q571 Lord Colwyn: Does anyone else want to
comment?
Dr Stefánsson: I actually think that data protection is
an issue here, like in everything else, but I want to
emphasise that when it comes to health care it is the
lack of access to data rather than protection from
access to data that is the most important. At the
moment of need, at the moment when quick action is
important, it is important to have access to
information. We emphasise to our customers that we
cannot keep the data 100 per cent secure. We only
give it to the customer and no-one else and we do not
store DNA. We do the genotyping and then we throw
the DNA away. We use fairly modern encryption
technology to make sure that no-one within the
company has access to the identity of individuals who
buy this service from us, but still when it comes to
information like this that predicts risk or information
on health care, I think the only reasonable way to
deal with the sensitivity of that information in our
society is to make it illegal to use it for any purpose
other than to support health or help when it comes to
diseases because these data have to be accessible
otherwise you cannot deliver health care eVectively.
Mr Whitley: It is not a simple question to answer.
Certainly how individual companies do it is a
relatively straightforward way of answering, but long
term it is a complex area and I think it will need a lot
of regulation. I imagine that there are a number of
instruments in place already that can be used to
regulate this. Briefly I will tell you how we do it. The
clients data is backed up on local computers on a
local intranet which is not connected to the internet
so they cannot be accessed remotely. After the tests
have been performed the client names are removed
from their coding, so that unless you had the
encryption you could not put them back together
again. We do have written reports that are stored in
the doctor’s patient file in the doctor’s surgery. All
DNA samples are destroyed so there are no
ownership issues with the DNA if the company
changes hands. We do not use the DNA for any type
of research and we do not share the data with any
other organisation in any other way. I think where
regulation would need to come in is to look at some
of the caveats that are existent on terms and
conditions of certain companies where they are
claiming rights to use this. I am not suggesting any
companies here. The client really does need to know
how safe his or her DNA is, where is it going to end
up because once that genie is out of the bottle you can
never ever get it back. With this internet age every

individual from here to Taiwan could know whether
you had an Alzheimer’s risk for example. I think it is
a very serious issue. We do the best we can. We use all
the basic data safety controls there are at the
moment. We have had instances where a husband will
call and say, “Just email me my wife’s results” or
“Can you post her results to my house?” No is the
answer. There are a number of issues. I think the data
protection issues in DNA are going to be a little bit
diVerent from other data protection issues but it is
not going to be a particularly diYcult task to put
forward a good legislational instrument and include
it perhaps in the IVDD Directive.

Q572 Lord Colwyn: You mentioned a company
changing hands, did you say the information is
destroyed? Is it intellectual property and does it
belong to the new owner or does it belong to you?
Mr Whitley: The DNA and DNA data belongs to the
client. We have no ownership of it because we do not
use the data for anything other than reporting back
to the client. I mentioned that in brief because it was
in one of the questions here—what happens if your
company was bought, the new owners might come
and do something diVerent with the DNA data and
that is why I was saying it is being destroyed and it is
kept separate from the names so it is not much use
to them.

Q573 Lord Broers: Can I ask you a question about
advertising. Clearly companies that sell genetic tests
direct to the public need to advertise their products
and much of this advertising is over the internet.
Claims are often far-reaching, for example that
genetic tests can enable you to live a longer life, feel
and look better, slow down aging or that genetic tests
provide you with a map for better health. Is there any
evidence base for these types of claims? What is your
approach to accurate advertising? Is there an especial
problem with the internet? Do we need more controls
for the internet because what we are dealing with is
average people? Dr Stefánsson, you have talked
about people with a reasonable education. A lot of
people do not have a reasonable education and we
feel in Parliament that we have to think about those
people, so would you like to talk a bit about the
internet in particular and exaggerated claims that
have been made?
Dr Stefánsson: The only reference I made to
reasonable education is that I said that I believe that
within a certain period of time all people with a
reasonable education will have a genetic profile like
this. I was not claiming that we should not be
considerate of people without that education. I think
actually that in understanding when it comes to
results that come out of tests like these, you as an
individual put it in the context of your life and who
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you are. I am not insisting that the understanding of
well-educated people about a genetic test is in any
form or shape necessarily better than the
understanding of people who have less education. It
is going to be diVerent, it is just a part of yourself. It
is just that I think when it comes to voting people into
Parliament like is done in my own country I am not
necessarily sure that the people who have little
education are worse voters than people who have a
good education. People come in all sizes and all
shapes and with all kinds of intellect, and I am not
sure that the understanding of the brightest people of
the results of genetic tests is in any way better in an
absolute sense than of those who are less intelligent.
If you start to put an educational barrier or an I2
barrier to what people can do, would you prevent me
from looking into a mirror?

Q574 Lord Broers: What about these problems of
false advertising on the internet?
Dr Stefánsson: I think those are false claims and they
would be addressed by the regulatory mechanism
that I was proposing. The only thing that is bad about
advertisements is when they are making false claims,
and companies like mine and companies that the guys
to my right-hand side represent should be prevented
from making false claims. I think that is important.
Mr Hall: MediChecks as a company does not
advertise our genetic tests. We have got genetic tests
on-line and I suppose you could deem that as being
advertising but they are there really as a list of tests
that are available. We do not make any claims about
what they can do, what they will tell you, what they
will not tell you, how long you will live. It is there
really as a source of information for an individual or
a consultant to look at to say that is the relevant test
and they know why that is the relevant test. We do not
imply that it will make you live to 100 or stop you
dying, it is purely a data source, but I do think that
with regards to claims that some adverts make that it
will make you skin look younger or turn your teeth
whiter, or whatever it may do, the adverts should be
regulated and I do not think they should prey on
people’s fears and worries.
Mr Whitley: We had a discussion at the Human
Genetics Commission about which regulatory body
should look after the types of claims and it was
suggested that the Advertising Standards Authority
might be the authority. I think they said it would be
diYcult for them to police this area because it is not
an area of their understanding. To come back to
basics, I have specific experience in the
pharmaceutical industry, the medical device industry,
and the cosmetics industry, and all are regulated
against making unfounded claims, and I do not see a

special problem being with the internet. I think that
the claims that are made in readable literature and
internet-based literature should be regulated, and
whilst broad claims would be protected under the
auspices of the ASA, Trade Descriptions Act, Sale of
Goods Act and Advertising Standards Codes, they
can also be more specially brought into the other key
Directives we were talking about earlier such as the
IVDD Directive. I suppose the broad claims that
genetic tests can provide better health need to be put
into context. Certainly on our web site, which is
relatively frequently updated, we have made every
eVort we can to add caveats to any claims that we
make. Basically what we are saying is that a genetic
test in combination with other tests can give you a
valuable insight into how you can improve your life
and live a healthier life, and I think that is what we are
all trying to do.

Q575 Lord Krebs: You have all spoken at diVerent
times during this morning’s session about the need
for more regulation of the industry within which you
are operating. I take that to mean that at the moment
you feel that the consumer is inadequately protect
and that self-regulation of the industry is not
working, otherwise you would not be working for
more regulation. Does that mean that consumers
buying the products of the kind that you sell are at a
risk that you think is unacceptable and hence you
want more regulation? That is the natural conclusion
from what you have said.
Dr Stefánsson: You are jumping to a conclusion.

Q576 Lord Krebs: Tell me what conclusion I should
draw from your plea for more regulation.
Dr Stefánsson: Your conclusion that you feel the
customer is poorly protected is not necessarily
correct. This is in many ways, at least when it comes
to me, a way of providing us with some protection
because now we are setting the standard ourselves.
We are doing it to best of our ability. We are running
the most prolific genetics laboratory in the world and
we feel that we are doing this well. But still we feel it
is important that other members of the community
come in to setting the standard. It is not that we
believe that the standard is low; it is not that we
believe that our products are dangerous. That was
your conclusion, sir. We believe, however, that society
in general when it comes to this, like in the regulation
of pharmaceuticals and when it comes to the
regulation of so many other things, should weigh in
and I think that is in keeping with tradition.
Mr Hall: With regard to regulation, I think
regulation has got diVerent sections to it. Are you
looking at regulation for the laboratories that
governs the methodologies and the practices that are
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and Dr Kári Stefánsson

used? Are you looking at regulation for the
interpretation of results? Are you looking at
regulation for the types of tests that are available? I
think regulation has got diVerent sections and I think
all of those diVerent individual sections need to be
addressed to protect the consumer. Ultimately I think
that it is important for the consumer to have access
to these tests, mostly through a qualified clinician or
consultant but it is important because with the onset
of the internet and the information available I think
it is each individual person’s right to have some sort
of influence over their future health and well-being.
Regulation will ensure that that is useful information
that they can use to influence that health and well-
being.

Supplementary memorandum by Brian Whitley, Managing Director of GeneticHealth Ltd.

Referring to Question Q555 from the Chairman
Question matter:

1. In a recent newspaper article an individual was reported to have received diVerent risk profiles of developing
a particular common disease when tested by three diVerent companies. This suggests that the information on
risk prediction is not currently reliable. How can diVerent companies reach diVerent conclusions about an
individual’s disease risk profile? What can be done to ensure accuracy and consistency in the interpretation of
genetic tests?

I feel that the article referred to was misleading and showed a poor understanding of the underlying science
of genetic screening, and in particular, risk assessment. The author was aware that he was not comparing
apples with apples as this was specifically explained in relation to heart disease (the main topic he lead with
and used for his pictorial illustration). He also did not seem broadly inline with “The sense about Science”
approach.

(http://www.senseaboutscience.org.uk/index.php/site/about/6/)

Heart Disease Results

23andMe reported him to be at low risk and GeneticHealth reported a low to moderate risk (not moderate
risk as printed). Decode looked at a completely diVerent set of genes related to risk of heart attack. The author
knew that these tests were not the same, they tested diVerent polymorphisms, and this should have been
pointed this out to the reader.

Alzheimer’s Results

In the case of Alzheimer’s disease, GeneticHealth assessed that the risk was a four fold increase in developing
Alzheimer’s by his late eighties. DeCode placed a percentage on this of 74 per cent above average. It is likely
that both results are in agreement but the risk is being described in two diVerent ways. It is with certainly that
the tests are correct.

The article then finishes with a statement made by GeneWatch that “handing over your genetic information
increases the likelihood that insurers will discriminate against you in the future”.

This is an enormous and controversial subject in its own right, but I would propose that it would have been
more responsible to point out that the Association of British Insurers has extended their moratorium on the
use of genetic test results for insurance purposes from 2011 until 2014 and that the Human Genetics
Commission have called for comprehensive legal protection against “discrimination on any genetic grounds”.

Q577 Chairman: Lord Krebs was quite clear in the
question he asked, it is the interpretation round the
table and all of us are of the same view that you are
saying collectively that there is a need to look at some
areas in the whole field of genetic testing,
interpretation and results given to patients and a need
for some regulation?
Dr Stefánsson: Yes. Chairman, I have to be
somewhere at 1 o’clock.
Chairman: I was just about to finish this session. I was
about to thank you all for coming to give this
evidence. We appreciate it very much. If you have any
areas where you want to add a further set of
comments, please do so and it will be regarded as
evidence, but today I thank you all for coming.



Processed: 29-06-2009 20:49:56 Page Layout: LOENEW [E] PPSysB Job: 418432 Unit: PAG2

298 genomic medicine: evidence

In conclusion on this question;

It is not so much a case of the tests not being accurate. The technology platform that the companies use is very
accurate. However the consistency of interpretation of the meaning of the results is where there is a need for
more work and collaboration. In common with all medical advances, the field of personal genomics is rapidly
evolving, and the clinical validity of new SNPs will have to reflect this.

I would agree that the specific gene polymorphisms that have been tested to assess a specific risk should always
be made clear to the client before they take the test. Also I would agree that the clinical basis for any statement
about risk should be provided. In our particular case, this is carefully explained in our detailed post test
consultation with the client and in the documentation supplied to the client.

Referring to Question Q560
Question matter: IVDD Directive.

Further to my previous comments highlighting our desire for a more cohesive, robust regulatory regime (ref:
response to Q574) I would also like to suggest that a traYc light system is developed for genetic screening and
each level be covered by increasing regulatory standards and procedures.

In the lowest category “green” would be tests such as ancestry, where no disease prediction or gene defect
measurements are made.

In the medium category “amber” would be genetic tests which define such traits as hair colour, eye colour or
tests for paternity.

And finally “red” where the test is of clinical significance. For example, cystic fibrosis or predicting disease
risk. I would recommend that such tests should only be oVered when combined with a consultation from
suitably qualified health professionals (as has always been the case with GeneticHealth).

On the frontiers of science the opportunities for innovation always bring some risks, but genetic screening can
also bring some major benefits if handled responsibly.

We want a framework in place that adequately informs and protects the client. That in the case of genetic
screening for disease risk assessment, there should always be a suitable trained doctor involved in a
consultation process.

And finally media reporting should be responsibly researched and accurately presented.

17 November 2008
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WEDNESDAY 29 OCTOBER 2008

Present Colwyn, L Patel, L (Chairman)
Finlay of Llandaff, B Perry of Southwark, B
O’Neill of Bengarve, B Warner, L

Memorandum by the Association of British Insurers

The ABI is the voice of the insurance and investment industry. Its members constitute over 90 per cent of the
insurance market in the UK and 20 per cent across the EU. They control assets equivalent to a quarter of the
UK’s capital. They are the risk managers of the UK’s economy and society. Through the ABI their voice is
heard in Government and in public debate on insurance, savings, and investment matters.

Introduction

Genetic science is an area of rapid growth. Our understanding of genetic information is both increasing and
raising more questions. There needs to be a balance between respecting the fundamental right of individuals
to privacy of their personal information, and not deterring them from making good health choices, and
continuing to ensure that insurance can be provided on terms that are fair to all customers.

1. Are existing laws in the UK or in the EU, such as the Human Rights Act or the Data Protection Act, sufficient to
protect individuals against genetic discrimination in employment and for insurance purposes?

The existing laws together with the regulatory framework, and the concordat and moratorium, are suYcient
and provide a robust basis for the protection of insurance customers’ rights. The Code of Practice, concordat
and moratorium clarify and provide certainty that people will have access to substantial amounts of protection
insurance and will not be required to take a genetic test for the purpose of taking out insurance.

Further, the ABI has instigated an independent arbitration service, managed through the Chartered Institute
of Arbitrators and arbitrated by members of the judiciary, to ensure any customer complaints under the Code
of Practice would be resolved to robust standards. This service is in addition to the FOS that in some
circumstances can review insurance decisions once the contract has been signed.

2. The ABI Code of Practice for Genetic Tests applies to companies that are members of the ABI. Who is responsible
for monitoring the use of genetic tests by companies who are not members of the ABI?

All companies are bound by the Access to Medical Reports Act 1998 and the Data Protection Act—
controlling the access to and use of personal data, including genetic test results. The consumer must give their
consent before their information can be passed to, and used by, insurers.

In addition all companies are regulated by the Financial Services Authority (FSA) and must adhere to the
Dispute Resolution Complaints (DISP) process set out in the FSA handbook at: http://fsahandbook.info/
FSA/html/handbook/DISP. Consumers are enabled to question and complain about their treatment through
this regulated process. However, as confirmed by Professor David Johns, Chair of the Genetics and Insurance
Committee, there are minimal complaints from consumers regarding genetic matters.

ABI members provide well over 90 per cent of the protection insurance market. The market is competitive and
there is ample consumer choice of insurance companies and access to protection insurance products.

3. Are there sufficient safeguards under the Moratorium and Concordat on Genetic Testing and Insurance to ensure
that individuals undertaking a genetic test now protect the information for insurance purposes after 2014?

Genomic medicine is developing and the science of treatment has not yet caught up with the science of
prediction. We do not know what the future of genetic medicine will hold. We want to treat customers fairly
and avoid unintended consequences that would lead to inequalities in the future. Trying to future proof
insurance in an environment where there is so much uncertainty is better managed through the concordat and
moratorium continuing to provide certainty, clarity and flexibility on the use of genetic test results.
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The agreement with government has been in place since 1999. The concordat is timeless and this confirms that
insurers will not ask anyone to take a predictive genetic test to take out insurance. The moratorium agreement
dates from November 2001, and is subject to regular reviews by the Department of Health and the ABI. The
next review will be in 2011 and, if there is no agreement to extend it, the moratorium will end three years later
in 2014. At both of the reviews so far, in 2005 and 2008, the moratorium has been extended. The three-year
period between the review and the moratorium expiry date will allow plenty of time for people to take out
insurance if that is what they want to do.

The ABI and Breakthrough Breast Cancer are working together to revise existing consumer information on
the use of genetic test results and consumer groups for cancer will assess this in November 2008.

4. Huntington’s disease is currently the only condition for which predictive tests are exempt from the moratorium, and
this exemption is only for policies above a particular value. Are more genetic conditions under consideration for
exemption? If so, which?

The ABI has no plans to submit any applications for the use of further predictive genetic tests, and will not
be making any applications in 2009. The current approach works in practice because the number of polices
aVected by non-disclosure of predictive genetic test results is low. The proportion of life policies for cover
greater than £500,000 is less than 3 per cent.

There is always a risk of anti-selection where an individual has information about their health, perhaps
through a genetic home testing kit, that they do need to tell, or chose not to tell the insurer. Although genomic
medicine is developing there is no substantial evidence base, of the number, type, and result of genetic tests
undertaken in the UK. We would support such a database of anonymous and aggregated information being
developed and maintained centrally, perhaps by the Department of Health. It would be of immense value to
identify trends, health outcomes and patterns of insurance buying behaviour associated with genetic test
results.

5. What kind of evidence do you look at when deciding if a genetic test should be approved?

We want to protect the interests of all consumers and would look at whether there was evidence of a significant
number of people of higher risk taking out a disproportionate amount of insurance to the detriment of other
customers who would have to cross-subsidise them.

6. How many complaints have GAIC received from members of the public since its creation and what is the nature of
those complaints?

We recognise the possibility of complaints. We expect these to be extremely rare but we have never-the-less set
in place an independent arbitration service that is free to customers and managed by the Chartered Institute
of Arbitrators. The Arbitrator in these cases would be selected from members of the judiciary.

7. Should individuals who are known to be at higher risk of developing early onset diseases pay more for their insurance?

The current state of genomic medicine is that there is only one predictive genetic test result that we know will
develop into a disease and that is Huntington’s Chorea.

The overriding principle of insurance is that everyone’s premium broadly reflects the risk they present to the
risk pool that they are in. However, there are questions about whether our genetic makeup should be privileged
information and should therefore diVer in its treatment from, say, our medical history. Accordingly, while the
science is evolving quickly, the concordat and moratorium oVers additional protection to consumers.

8. The Human Genetics Commission stated in their response to the Government’s consultation on the Equality Bill that
“there is anecdotal evidence of genetic discrimination which constitutes an adequate justification for legislation now; and
that there are reasons to believe that opportunities for genetic discrimination will increase”. Do you agree?

We do not agree, and we have evidence that there is no genetic discrimination in insurance. First, there is the
tiny number of complaints. It is a FSA requirement that every customer is given details of how to complain
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before they conclude their insurance. Further, our response to Question 2 refers to consumer information
regarding the complaints process, as follows:

All companies are regulated by the Financial Services Authority (FSA) and must adhere to the
Dispute Resolution Complaints (DISP) process set out in the FSA handbook at: http://
fsahandbook.info/FSA/html/handbook/DISP. Consumers are enabled to question and complain
about their treatment through this regulated process. However, as confirmed by Professor David
Johns, Chair of the Genetics and Insurance Committee, there are minimal complaints from
consumers regarding genetic matters.

Secondly, the annual genetics compliance exercise shows that firms comply with the Concordat and
Moratorium. The Genetics and Insurance Committee provides comment on the compliance report and reports
to Health, Treasury, and Business, Enterprise & Regulatory Reform Ministers on proposals it receives from
insurance providers and the subsequent level of compliance by the industry.

However, we are not complacent and if anyone has evidence to the contrary we would be very willing to assess
it and to implement solutions.

9. Is there a risk that genetic test results may be misinterpreted resulting in individuals being erroneously denied
insurance or prevented from carrying out a specific job?

Insurers comply with stringent processes that ensure genetic test results are understood and applied correctly
to underwriting decisions. Within insurance companies the Nominated Genetics Underwriter receives all cases
involving genetic test results. Alongside the Nominated Genetics Underwriter, a medical practitioner,
normally the Chief Medical OYcer, receives all cases where the genetic test result will impact on the
underwriting decision.

The Nominated Genetics Underwriter is a senior underwriter. Insurers pass all applications containing a
genetic test result (whether predictive, diagnostic, carrier, or unknown) to the Nominated Genetics
Underwriter for a decision on insurability, and to ensure the secure handling of the test result. When the
Nominated Genetics Underwriter receives an application involving genetic information that could aVect the
underwriting decision unfavourably to the consumer, the Nominated Genetics Underwriter consults the
insurance company’s Chief Medical OYcer (CMO), before reaching a decision. The Chief Medical OYcer
provides expert advice and where necessary consults a genetics specialist. Whether the medical adviser is a
Consultant Physician or a GP, he or she is accountable to the General Medical Council for his or her
professional conduct.

10. In the US the Genetic Information Non-discrimination Act (GINA) came into force recently. Is there a need for
a similar law in the UK?

We should be clear that in the US GINA only applies to their version of private medical insurance. This should
be set in the context that there is no equivalent of the NHS. For these reasons it is not comparable with the
UK health and insurance systems.

The UK oVers universal entitlement to State benefits and healthcare. Taking out private insurance, such as,
Income Protection insurance, is a consumer choice for people who feel they need additional protection to that
aVorded by health and unemployment benefits provided by the State.

When considering the various legislative and other means of regulating the use of genetic information that are
used around the world, one needs to set the individual solutions in the context of the underlying State support
and insurance markets that operate in those countries.

It is worth noting that a complete ban on insurers using any predictive genetic test result would mean that
people with favourable results could not use this to oVset other adverse health conditions.

November 2008

Memorandum by the TUC

On Wednesday 29 October 2008, the House of Lords Science and Technology Committee will hear evidence
on the case for whether the UK needs a law to protect individuals from discrimination by employers and
insurers on the grounds of genetic information. In this briefing the TUC will argue the case for such legislation
along the lines of the Genetic Information Non-discrimination Act (GINA) passed by the US Senate in April
this year.
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Genetic Testing—Why be Concerned?

The 2007 Government Discrimination Law Review consultation, A Framework for Fairness; Proposals for a
Single Equality Bill for Great Britian asked the following question of respondents: “Do you agree that there
is no current justification for legislating to prohibit genetic predisposition discrimination?” The Department
of Communities and Local Government’s consultation paper contested the need for legal protection on the
following grounds:

— That there are no actual harms to be addressed;

— That legislating might produce collateral harms; and

— That there are more appropriate ways to address possible genetic discrimination than through
legislation.

In its response to the 2007 consultation the Human Genetics Commission (HGC) disputed the above
contentions. In particular, it pointed to evidence from its consultative panel of people aVected by genetic
conditions that revealed that there is already evidence of discrimination on genetic grounds. An e-mail
questionnaire sent to patient support groups for those aVected by genetic conditions on behalf of the HGC
Monitoring Group in July 2007 found “a number of cases of serious and distressing discrimination against those
with genetic conditions.” The survey also revealed significant ignorance or misunderstanding of genetic
conditions, in the context of insurance underwriting and more generally in social life.

The danger of allowing genetic testing to flourish without safeguards for individuals lies in the limited
reliability and predictability of the tests and the lack of understanding about what they can deliver. As a result,
individuals run the risk of being excluded from important financial services such as insurance and employment
on the basis of flawed or misinterpreted information. This raises the potential of a genetic underclass being
created. Even if the information provided is accurate, or tests become more accurate as technology evolves,
there are obvious ethical and moral questions about excluding people from employment opportunities and
financial services on the basis of their genetic makeup which is beyond their control.

There are four types of health related genetic test that could be considered useful in the workplace and may
be attractive to employers:

— Tests that identify if a person is at risk of genetic illness such as sickle cell anaemia or
Huntingdon’s disease.

— Tests that identify if an individual is at risk of a common illness such as heart disease or cancer.

— Tests to identify if someone is at risk of a work-related disease or susceptible to hazardous chemicals
in the workplace that cause cancer or asthma.

— Tests to determine if an individual had been exposed to harmful levels of a chemical or radiation
at work.

Employers may be interested in the above tests in order to exclude workers who may be more susceptible to
workplace chemicals from working with them, seeing this as a way to reduce liability and compensation claims.
Also to save money by avoiding employing workers who might need considerable time oV work or retire early
due to ill-health and excluding individuals from health insurance or other employee benefit packages on the
basis that they might use these excessively.

Although there is currently little evidence in the UK of employers asking workers to take genetic tests, a survey
by the Institute of Directors in 2000, found that 50 per cent of respondents were in favour of using genetic tests
to identify workers who were at risk from occupational hazards. This support was conditional on the employee
being asked for their consent (but in reality given the unequal power relationship between employer and
employer, how many employees are likely to refuse consent—and even if they do, is the employer going to draw
adverse inferences from such a refusal)?

Additional pressure on employers to make use of genetic testing comes from the marketing of genetic test kits
by the bio-tech industry and from the insurance industry and the rising cost of insurance premiums. These
factors mean we are likely to see increasing use of genetic testing in the workplace, often by employers with a
limited grasp of what the tests can actually deliver.

There is a real concern that employers may see genetic testing as a “quick fix” solution to enable them to cut
costs and reduce health and safety liabilities. However, as the 2003 Genewatch report Genetic Testing in the
Workplace acknowledges, the relationship between genetic makeup and the onset of disease is a complex one.
Very many other factors such as lifestyle and diet, also have a major influence on whether genes have an impact
on health: Currently none of these tests provide an accurate assessment of individual risk. Some tests can be good
at identifying who will get a genetic illness, but poor at predicting when symptoms will start or how severe they will
be. Tests for common or workplace-related diseases give considerably poorer predictions. Because of the complex
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interactions between a person’s genes and their environment, simply knowing that someone has a particular
gene provides very little information about their current or future health. This fact alone means there is little
justification for using genetic test results for employment purposes. However there is a real danger that employers
might unwittingly or even deliberately, misuse genetic information.

Protection from Discrimination on Grounds of Genetic Conditions: The Case For

— While there is currently no clear picture of the extent of genetic discrimination in the UK and no
systematic attempt to collect such information, there is some evidence of its existence (see the HGC
2007 e-mail survey for example). As a phenomenon it is likely to grow as the technology develops
and greater attempts are made to market tests to employers. Discrimination should be tackled pre-
emptively, rather than addressing it after the event. If the possibility of genuinely harmful genetic
discrimination exists, this should be identified early and suitable provision made before many
individuals suVer actual harm.

— There is already considerably more evidence from the United States about the use and abuse of
genetic testing. The following examples are all taken from the US (as reported in the Genewatch
Report Genetic Testing in the Workplace). For example a 2001 lawsuit against a US Railroad
company for secretly testing its employees for a rare genetic condition and for threatening an
employee who refused testing with dismissal. A case where a social worker lost her job within a week
of mentioning that her mother had died of Huntingdon’s disease. A man who revealed in his job
application that he was a carrier of a single gene variation that causes Gaucher’s disease was denied
employment, even though he was not at all aVected by the disease but was a carrier and risked passing
it on to his children. A woman notified her employers of a positive test for Huntingdon’s disease and
was fired even though she had been promoted in the last eight months and had received several
outstanding performance reviews. A woman who undertook a genetic test because she was
experiencing slight breathing diYculties and her brother had previously died from the condition
alpha-1 antitrypsin deficiency, tested positively for the condition and received lifesaving treatment
as the condition is treatable if detected early. When her employer found out however, she was fired.

— In Australia, the government funded Genetic Discrimination Project is investigating around 100
claims of unfair and negative treatment of people who have had predictive genetic tests, including
specific incidents of negative treatment by insurance companies, doctors, employers and family
members.

— A British Medical Journal reported case of a teacher in Germany who was refused a permanent
teaching position because of a family history of Huntingdon’s disease. This was identified during
compulsory medical examination undergone by all applicants to the German civil service. While the
medical check found that the teacher was fit to perform her job, it said that there was a “higher risk”
of future absenteeism because of the family link to Huntingdon’s disease.

— There is already evidence that people with genetic conditions are worried about potential
discrimination in the fields of employment and insurance and that this may be deterring them from
taking medically useful tests which may be of benefit to them. For example, people with genetic
conditions in the UK currently face a dilemma over undertaking tests, there is currently a
moratorium on the use of predictive genetic test results in insurance until 2014, but is not clear what
will happen after that and as HGC Commissioner Michael Harrison has said: “while the moratorium
provides an extended breathing space, it does not solve the problem once and for all. What is known as
the ‘test now, buy later problem’ remains: what will happen to those who are tested but don’t buy
insurance until after 2014, when the results of those tests may be taken into account.” A Breakthrough
Breast Cancer survey reported to the Genetics and Insurance Committee in 2005 found that in a
survey of 71 women (23 with a family history of breast cancer and 48 with no history) a significant
proportion might be deterred from taking a genetic test if the results might result in an increase in
insurance premiums.

— Currently there is no clear legal framework to prevent the use of genetic testing by employers or
insurers to determine who gets insurance or appointed to a job. At the same time there is a growing
interest among employers in the use of genetic testing and rapid development and promotion of
testing technology.

— Many other countries already acknowledge that genetic discrimination is a cause for concern. Some
countries have used data protection law to legislate against genetic discrimination, while others have
used equalities legislation.
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Germany, Slovenia and Spain have provisions based on data protection. In France, discrimination based
on genetic characteristics or on predictive genetic tests is prohibited. In Sweden, genetic testing may
only take place if it has a medical aim or serves a research purpose. In Finland, employers are
prohibited from requiring employees to take part in genetic testing either at the time of recruitment
or during employment and employers have no right to find out whether an employee has undergone
such testing. In Denmark, restrictions ensure that health checks focus on current health conditions
that are relevant to the employee’s work. In Austria, genetic screening and the collection, demand,
acceptance or any other use of genetic data on employees by employers is explicitly prohibited. There
are also restrictions in the Netherlands, Luxembourg and Greece and Italy (source: Human Genetics
Commission response to Discrimination Law Review consultation).In the United States there is more
evidence of genetic discrimination and the Genetic Information Non discrimination Act (GINA) has
recently been enacted. This legislation provides protection against genetic discrimination in both the
health insurance and employment settings.

— Genetic testing is not a reliable or conclusive predictor of a person’s health or ability to do their job.
It is unlikely that testing will be scientifically robust in the foreseeable future. An article in the Sunday
Times (7 September 2008) illustrated the worrying lack of accuracy and divergent results that can be
delivered by genetic testing companies. The researcher used his own DNA and secured genetic test
results on this, from three firms that account for the majority of genetic tests in the UK. “They gave
contradictory assessments of the risk I faced of developing illnesses, including Alzheimer’s and
glaucoma and a confused verdict on my risk of suVering heart problems . . . viewing their results proved
to be more baZing than enlightening.” These divergent and even contradictory results raise huge
questions about the reliability of the tests currently available. Given these concerns it is surely
inappropriate for such tests to be allowed to determine individual’s life chances in terms of access to
employment and financial services.

— Genetic testing in the workplace and by the insurance industry could reduce eVective action to
remove potential workplace hazards if employers choose instead to focus on excluding or
discriminating against workers and job applicants on the grounds that they are genetically
susceptible to workplace hazards or to a future illness that may imply pension and early retirement
costs, or have a genetic disorder that may aVect their health in future. In this way all workers may lose
out as workplace hazards that may otherwise have been removed or reduced, may remain in place.

— The current moratorium on the use of genetic testing in the insurance industry does not provide
suYcient protection against future discrimination to those that wish to take a genetic test for health
reasons now.

Conclusions and Recommendations

Employers should not have the right to demand that an individual takes a genetic test or reveals a genetic test
result as a condition of employment. Employers should not be able to use genetic information to determine
employees’ terms, conditions, or access to employment benefits. Employees and job seekers who refuse to
undertake genetic tests as a condition of employment should be protected from detriment.

New legislation should be enacted to prevent all forms of genetic discrimination and to prohibit employers
and insurers from using or accessing individual genetic test results.

Within the workplace greater focus should be placed on identifying and reducing workplace hazards to ensure
the greater safety of all workers present, rather than on trying to identify workers who are “vulnerable” to
exposure and trying to eliminate these from the workforce.

29 October 2008
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Examination of Witnesses

Witnesses: Mr Stephen Haddrill, Director General, Association of British Insurers (ABI), Ms Sarah Veale,
Head of Equality and Employment Rights, Trades Union Congress (TUC), Professor David Johns, Chairman
of the Genetics and Insurance Committee (GAIC), and Mr Michael Harrison, Barrister specialist in clinical

negligence and member of the Human Genetics Commission (HGC), examined.

Q578 Chairman: Good morning, lady and
gentlemen. Thank you for coming to assist us with
our inquiry today. I am going to begin he session by
asking if any of you want to make an initial comment,
please, feel free to do so. If you do not, we will go
straight into the questions that we have for you which
the members of the Committee will ask of you in turn.
The first time you speak, please, tell us who you are
and, if you are representing any organisation, would
you also mention that for the record. Do any of you
have any initial comments to make? We have quite a
few questions for you. I will begin by asking you
whether you think that the current laws in the United
Kingdom and the European Union, such as the
Human Rights Act or the Data Protection Act that
we have, are suYcient to protect individuals against
genetic discrimination either in employment or for
insurance purposes, whether that be health
insurance, life insurance or any other kind of
insurance.
Professor Johns: I am David Johns. I am Chairman of
the Genetics and Insurance Committee. I am an
aeronautical engineer by training, so I am the one
independent member on the Committee amongst a
gathering of expert geneticists and epidemiologists
and insurance underwriters and actuarial scientists
and patient support group representatives. I am the
one independent lay person. The Committee—and I
have been there since 2001—had looked at this on a
number of occasions and of course the most recent
opportunity that we had to comment on this was with
the drafting and consultation on the Single Equality
Bill and the comment that we made then was that we
felt that whilst we have the moratorium in place, this
is probably suYcient, but the issue which does arise
very much looking forward is what would happen if
the moratorium that we have at the moment was not
there. Of course, it is very temporary; it is only a
partial solution; and we would like to comment if the
opportunity arose later in this gathering on what we
think might happen as a consequence. At the moment
of course the moratorium, which is not legislation,
but only an agreement, does provide suYcient
safeguards to cover many of the issues which I think
are relevant to your Committee today.

Q579 Chairman: In your view, do you think that we
should have some kind of legislation?
Professor Johns: We would not like to prescribe what
it should be but we think that the opportunity existed
and could still exist under the Single Equality Bill for
the Government to initiate the appropriate
discussions in debates to explore further the points I

have just made, the issue of the moratorium and what
happens when it ends. There are a number of related
issues which come up in responding to other
questions such as the “test now, buy later” issue of
course. Should people have a test now but decide to
defer buying insurance until later, if the moratorium
has ended, do they then have to disclose the tests or
will there be some freedom not to disclose the tests if
the moratorium issue is removed. There are a number
of related themes. We say that the opportunity exists
for another debate to take place but of course if the
genetics issue is taken out of the Single Equality Bill,
then that chance is lost and maybe another
opportunity would have to be found.
Ms Veale: I am Sarah Veale, Head of Equality and
Employment Rights at the Trades Union Congress. I
would support that and, in support of that argument,
we have noted that a whole number of other
countries which are not dissimilar to this country in
terms of economics and employment and the labour
market do have protection in place on their statute
books and I would have thought that if countries like
Germany, Sweden, Finland, Denmark, Austria, the
Netherlands, Greece, Italy and of course the United
States all feel it necessary to have some sort of
protective legislation on their statute book, that in
itself might lead people to think that there is no
particular reason in the UK why we should not have
similar protection and I would certainly support
what my colleague has just said about the Equality
Bill. It is an unusual opportunity for the Government
to bring into force, on the basis of equalities
legislation, something that would be based I would
have thought broadly similar to the Disability
Discrimination Act which includes within it now
some measure of protection for people who have
developing conditions and I would have thought that
there was a parallel there with people who have a
condition that may manifest itself at some later stage.
Certainly, the TUC position is that there are
potentially vulnerable employees who could, because
of the weakness of the individual versus the employer,
feel obliged to disclose previously acquired
information or go through a test, and I think that we
would put this in the same category as employers who
try and use things like psychometric testing or
graphology as a kind of shortcut to get an assessment
of a potential employee. We think that that is
potentially extremely unfair particularly where you
identify conditions which are absolutely not the
employee’s fault and should not make any diVerence
whatsoever to their ability to do the job. To us, it is
discrimination and there needs to be some sort of
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29 October 2008 Mr Stephen Haddrill, Ms Sarah Veale,
Professor David Johns and Mr Michael Harrison

protective legislation in place to cover that. I would
also add that I know that we are all keen on better
regulation now, quite rightly, and not having
excessive amounts of regulation. One creative way of
doing this might be to include a provision within the
Equalities Bill but not necessarily commence it until
there is suYcient evidence of a need for it. So, you
have it ready but you do not necessarily have it
activated or commenced until a slightly later stage.
Mr Haddrill: I am Stephen Haddrill from the
Association of British Insurers representing the
insurance industry and I think that I will confine my
comments to the insurance aspects rather than
perhaps the employment aspects. I think, as Sarah
has said, that there are a number of countries which
have introduced legislation and there are also others
like Australia which have not and have the same sort
of process, the moratorium, that we do. There are
also countries where legislation has come in such as
Portugal which are having to review it because it has
not, particularly in the insurance area, worked very
well. In fact, it seems to be associated with the market
remaining very small and inadequate. We feel that the
moratorium is appropriate for current
circumstances. Both testing and treatment are
developing rapidly. We do not know exactly where
they are going to be in the future. If they start to
develop in parallel rather than at the moment where
you have perhaps testing leading treatment, then that
would be a very diVerent world and lead to a very
diVerent set of issues for insurers than we have at the
moment. Our view is really that we should stick with
the moratorium. It has been extended to 2014; it will
not be reviewed now for another three years.
Although there is a legislative opportunity now, there
is actually quite a lot of time, several years, for
another legislative opportunity to be found if the
circumstances change.

Q580 Chairman: Do you think that there should
ever be legislation?
Mr Haddrill: I would not rule out legislation forever
if the circumstances justified it. Our view is that we
need to do two things at the same time. From our
point of view, we want to see a vibrant and
competitive insurance market, but we also want our
customers to have confidence that they can take tests
and that they will not be suVering unacceptable
detriment as a result of that. So, the moratorium is
basically keeping those two things in line. If
circumstances change and the moratorium could not
do that, perhaps legislation would be appropriate.
Legislation does not necessarily work to the benefit of
the customer because it may create a kind of unfair
level playing field. At the moment, people who have
taken the test and wish to declare that the test has
proved that they do not have any abnormality, if I

may use that word, will get the benefit of that from
the insurance industry, and you could level it all up so
that those people did not get that benefit, because it
was standardised across the piece and I do not think
that that would be beneficial.

Q581 Baroness O’Neill of Bengarve: I would like to
ask something about responsibility for seeing that the
actuarial evidence on which decisions that
information may or may not be requested is based.
How is that secured by ABI? Do they, as it were, defer
to GAIC or do they do their own work?
Professor Johns: Our terms of reference require us, in
looking at requests from the ABI, for approval for a
test for particular conditions. We apply three basic
criteria. One is the scientific excellence of the test;
secondly is the technical quality of the tests for the
clinical condition; and finally is the actuarial evidence
for the way that data will be used when applying
premium ratings. The only case which we have had so
far, was as long ago as 2000, in the original format the
Committee then had. When I took over in 2001/2002,
the new Committee looked at that as its first task and
we actually thought that what had been done then
was sound and we were able to say, yes, the actuarial
basis on which the work had been submitted was still
valid and that it should be used by companies for
those situations where it could be applicable: larger
sums than the £500,000 per life. That is part of the
remit. I do not think, unless Stephen wants to say
separately, that the companies apply other than their
normal statistical basis for their actuarial approach
to premium setting. However, certainly for the tests
we have been involved with, that is the only one,
Huntington’s for life.

Q582 Baroness O’Neill of Bengarve: That is perhaps
not the very best example for the situation today in
that it is a single gene late onset disorder with
bipenetrates. How are you dealing with the evidence
of genes with lower penetrance?
Mr Haddrill: We have not made an application to
GAIC for any other gene. We do review such
evidence as we have. Of course, one of the results of
the moratorium is that we do not get much evidence.

Q583 Baroness O’Neill of Bengarve: Could you
explain that to the Committee.
Mr Haddrill: We do not get evidence in relation to our
customers because they do not tell us and, under the
moratorium, they are not required and we must not
ask them—

Q584 Baroness O’Neill of Bengarve: What about the
academic research evidence? How do you use that?
Mr Haddrill: We can use that but that does not really
give us actuarial evidence of our own.
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Q585 Baroness O’Neill of Bengarve: For example,
research by actuaries, some of the work on apoE4
and similar work.
Mr Haddrill: Yes, I agree that that is available. GAIC
has a process—and Professor Johns might want to
answer for himself—that I think would probably
require a little more from us than is currently
available. The other point I would make is that, as
insurers, we feel that we have to distinguish between
what the genetic test may say and the wider
environmental factors. We would not wish to pursue
a request for a genetic test if it was really one factor
amongst many and did not really add very much to
our ability to assess the risk for the individual.
Professor Johns: Remembering that we are mostly
talking about predictive genetic testing where GAIC
is concerned and of course the insurance industry
does rely a lot on family history because that has to
be disclosed when applying and that is one of the
main bases on which their decisions are made.

Q586 Baroness O’Neill of Bengarve: What both of
you are really saying is that hitherto the additional
evidence that you have obtained from genetic tests
has been actuarially fairly trivial. Do you think that
that will remain the case?
Mr Haddrill: I am not sure that I would use the word
“trivial” but it has been insuYcient for us to want to
go to GAIC and then go to our customers and ask
them for information.
Professor Johns: It has been small in number of
conditions and small in terms of insurance products
and small in terms of number of potential applicants,
on those three counts.

Q587 Lord Warner: Are there suYcient safeguards
under the moratorium and concordat on genetic
testing and insurance to ensure that individuals
undertaking a genetic test now can protect the
information for insurance purposes after 2014?
Professor Johns: I think that this is partly answered by
my point about the “test now, buy later” situation. I
do not think that people are feeling reassured because
they have all these uncertainties. Of course, 2014 is
the end of this current moratorium period requiring,
as Stephen as said, a review in 2011 and, at that point
in time, we will be saying, as we have previously said
to the Government, where in place are there
guarantees or certainties for people in terms of what
is going to happen at the end of this next three-year
period? People are very, very naturally concerned
that somehow the insurance industry may say, “No
moratorium and we are looking backwards. Have
you ever had a test or predictive test?” and that then
becomes the basis of an assessment because they have
not yet bought. Our advice to the Government would
be, if we were still around or some similar body were

still around, even if legislation were added to the
Single Equality Bill on Genetics, we believe that there
will always be scope for a committee like us to
evaluate what is being done in terms of these new
multifactorial genetic disorders et cetera to see if
there can be some sensible, logical, rational and fair
basis for insurance companies to use that
information. Yes, at the moment we do not feel that
there are enough guarantees to answer your question
with a positive “yes”. We think that there is too much
uncertainty.

Q588 Lord Warner: Can you elaborate a little on
what you have just said about people feeling very
uncertain. What is your evidence base for that
statement?
Professor Johns: The patient groups who speak to us
and we do have patient groups represented on our
committee and I personally, if invited, will go to
annual meetings of patient groups to meet their
clients and to meet their carers and talk to them about
the way in which GAIC operates and I hear their
concerns. There are many—and I take as one
example breast cancer—where, in order to solve their
problem, many have had the prophylactic treatment
to remove the problem. In other groups like spinal
muscular atrophy, I speak to them and they are
nervous about the tests that might be taken and then
could perhaps have to be disclosed. Talking to the
people concerned and talking to the patient groups is
one of my roles/one of the committee’s roles through
its membership. We have many contacts into the
population and getting the input which then comes
up at committee discussions.

Q589 Lord Warner: Is this at a level of anxiety and
concern that is likely to mean that patients will not
take predictive tests?
Professor Johns: Yes. It does unfortunately mean that.

Q590 Lord Warner: You are saying this with
absolute conviction and certainty. I am just trying to
get a feel for the evidence. There is not a flicker of
doubt?
Professor Johns: Only from what the individuals have
said to us.

Q591 Lord Warner: Is there any particular disease
condition where there is—?
Professor Johns: I do not recall a situation in which
that was said but it has been said to some of my
colleagues as well, that they are nervous to take the
test for reasons of the “test now, buy later” syndrome.

Q592 Lord Warner: I think it would be helpful,
without prolonging this, if we had a bit more
substance around perhaps the range of patients and
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the types of conditions where this level of anxiety and
concern is.
Professor Johns: If the Committee has time, we could
do something through the various patient support
groups and obviously the insurance industry itself
has access to these because they know of the
important genetic disorders in which they are likely to
be concerned.

Q593 Chairman: Is it possible that you could send us
a paper about it?
Professor Johns: We will see what information we can
get together quickly to see what we can send you.

Q594 Chairman: Thank you very much. That would
be very helpful.
Mr Haddrill: I think that the evidence is largely
anecdotal and relatively thin. That suggests to me
that what we need is a proper research project. I do
not want to gainsay what you are saying, Professor,
but I do think that you have to look at a wide range
of people and do a solid statistical analysis of this if
we are going to base any decisions, legislative or
otherwise, on it. The point about 2014 is that it is still
some years away and it may be extended further.
Certainly our industry is very committed to the two
principles that I mentioned: we are committed to
being able to continue to insure but we are also
committed to the public having confidence in the
system.

Q595 Chairman: But it is the industry that decides
how long this moratorium will continue, is it not?
Mr Haddrill: The industry reaches agreement with
the Government on it; it is a joint decision. We were
very happy to see it extended this year from 2011 to
2014 and we would continue to be happy to see it
extended unless circumstances changed and another
approach became appropriate. I think that people
can have confidence but, after 2014, if the
moratorium did not continue and people have had
tests before, I think it needs to be thought through
very carefully whether you should be saying to people
that the information from those tests should not be
made available to the insurance industry because, if
you do say that, you do create two classes of
customer: you create a pre-2014 class and a post-2014
class and I think that there is an inequality there
which needs to be considered and thought through.
Also you create some complexity. If we are moving
into a world where there is more than just one gene at
issue and we have diVerent dates when people took
for diVerent types of tests, we could end up with quite
a complex situation that I do not think people would
understand particularly well. I understand the issue;
we are committed to confidence; exactly what the
answer is, I think is not straightforward.

Q596 Lord Warner: May I press this a little further.
We are getting evidence from the scientists that, in
particular conditions especially around potentially
lethal conditions like some of the cancers, the
predictive tests for particular groups of people are
getting more accurate and they are identifying more
phenomena which would make that accuracy
increase. It would be surprising, from what people
have said, if those predictive tests for particular
groups of people were not more and more refined in
a period between now and 2014 in which case, despite
what you say about your equalities issue of treatment
between diVerent types of customer for the insurance
industry, is it not the case that, if that happens and
people do not know whether they are protected, there
is likely to be a situation where people will think twice
about having tests which could actually save their
life?
Mr Haddrill: We certainly would not wish to put
people in that situation which is why I think that
proper solid research is very important. It is also why
this review is conducted three years ahead of any
potential change, so that there is always quite a long
lead into that. I also think that the excitement around
the science is great, but we do have to look at how
significant the indicator is alongside all the other
lifestyle factors and so on. When insurers look at
that, they are not quite so convinced that the picture
will necessarily be radically diVerent by 2014.
Professor Johns: I would like to add one further point
to what has just been said. When I made the comment
I did earlier about “test now, buy later”, I recognised
very much the point about those who have not
bought but, having had the test, if the moratorium
were to end, want to have some form of insurance
protection. This does create inequalities and
problems. Our main point would be that for those
who have tested and have bought, there should be no
retrospective action should the moratorium end.
That is the main point which I wish I had made then
and that I am wanting to make now.

Q597 Chairman: Do you think that your two bodies
are the appropriate bodies to regulate predictive
value genetic tests?
Mr Haddrill: On our side, I hope we understand how
the insurance market works. The industry has an
enormous amount of expertise that is available to us
to understand the way in which the science is
applying to them and I think that GAIC brings in
enormous other resources and expertise as well. We
publish a report annually on what has happened in
the last year where we do a very thorough analysis of
what the insurance industry is doing and all those
companies which are selling products in this area, the
chief executive himself/herself personally has to sign
oV that they have met all the requirements of the
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moratorium. I feel that we are doing a good job, I feel
confident in that job and of course there is the FSA
and there is the Financial Ombudsman Service
behind if anyone has a complaint.
Professor Johns: The annual report is seen by GAIC
every year and each year we have an in-depth
discussion on it. There are usually several comments
to be made on it seeking clarity or seeking perhaps
changes in the questionnaire used by the ABI to
ensure that there are no ambiguities or anomalies in
the future and the ABI has been very responsive in
dealing with us in that way. It is a good relationship
in the way these matters are handled and our
observations of their compliance exercise have
melded together.

Q598 Chairman: Why is Huntington’s disease the
only area of exemption?
Mr Haddrill: For the reason I gave just now, it is the
only one where we think the evidence is suYciently
strong that we can separate out the impact of the gene
in relation to the risk of death from other broader
environmental factors. That may change obviously,
as Lord Warner was indicating, over time but at the
moment that is our view. With the other gene that we
have looked at, the breast cancer related BRCA1 and
BRCA2, we have not felt up until now that the
correlation was absolutely strong enough to want us
to make an application to GAIC.
Professor Johns: It is interesting also to comment that
Huntington’s for life cover which was seen in 2000
and is still valid, but Huntington’s for income
protection or critical illness has never come forward
and it is probably for the reason that Stephen has just
given, it is the actuarial basis, the statistics on which
the actuarial model might be based which are still
questioned and I think that is why the industry has
not come forward with more than the one cover. At
the moment, we only have one condition and only
one insurance product.

Q599 Lord Colwyn: What percentage of people who
are likely to get Huntington’s actually do have the
test?
Professor Johns: That I do not know.

Q600 Lord Colwyn: It is voluntary, is it not?
Professor Johns: Yes.
Baroness O’Neill of Bengarve: It is very hedged
around counselling requirements and a very low
uptake.

Q601 Baroness Finlay of LlandaV: Having clarified
that it is really only Huntingdon’s at the moment that
is exempt from the moratorium and you spoke about
the dangers of the two-tier system, I have understood
that the exemption only exists for policies above a

particular banding already and therefore we already
have a two-tier system in place, do we not?
Professor Johns: Yes, that is right.
Mr Haddrill: The system at the moment is for life
insurance, which is the main issue here, there is a
distinction between policies below £500,000 and
above £500,000.

Q602 Baroness Finlay of LlandaV: Five hundred
thousand pounds is the cut-oV point?
Mr Haddrill: Yes. The insurance industry does not
seek information on Huntington’s if the applicant is
looking for less than £500,000.

Q603 Baroness Finlay of LlandaV: You mentioned
BRCA 1 and BRCA2. Are there any other tests that
consideration is being given to at the moment?
Mr Haddrill: No.

Q604 Baroness Finlay of LlandaV: Or that are
looming on the horizon?
Mr Haddrill: No. The first one looming on the
horizon will be BRCA1 and BRCA2.
Professor Johns: Interestingly, the figures just quoted
are very high compared to what is practised in the rest
of Europe or in the rest of the world. Throughout
Europe, our £500,000 limit which the industry
operates to, or 600,000-plus in euros, appears to be
twice that of any other country in Europe. In the
Netherlands in particular, the limit is less than a third
of that. So, already the ABI is operating a much
higher figure and hence taking a greater risk in the
way that it operates its schemes. I am not here to
speak for the ABI but I thought it was worth
mentioning since this had not yet been said.

Q605 Chairman: I was just wondering as to how
independent you are!
Professor Johns: I thought these numbers were worth
commenting on!

Q606 Baroness Finlay of LlandaV: Do you have
potential patients from within Europe who are taking
out insurance in this country because of that?
Professor Johns: I do not know.
Mr Haddrill: I am not aware of any at the moment.
It could potentially develop but of course there is
quite a major discussion going on in Europe at the
moment about how cross-border private health is
managed.

Q607 Baroness Finlay of LlandaV: I would like to ask
you a little about the independent impartiality of
GAIC and how that is ensured when you are
considering a particular predictive test. For instance,
we could use the BRCA1 and BRCA2 as an example.
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If that is being considered, how do you ensure that
independence?
Professor Johns: We have our own membership which
includes the categories of skills I have mentioned
earlier, but also we have access to a very wide range of
others within the general community. We have people
operating in genetic testing centres or in academic
circles to give us the advice on the three aspects I have
mentioned: the scientific excellence of the test, the
relevance of it technically for clinical work and the
actuarial side. On all three aspects, we seek advice. Of
course, in appointing members to the committee,
part of the way in which they were selected and
occasionally reminded, is that we have to declare any
potential conflicts of interests. So, if a geneticist was
operating very closely with an insurance company, I,
as chairman, would wish to know and would be
saying something about it.

Q608 Baroness Finlay of LlandaV: How do you
ensure that there is representation of the interests of
people who would be disadvantaged by genetic
discrimination and there is not excessive over-
representation too? How do you maintain that
balance?
Professor Johns: The way in which the committee was
composed and still is composed is that technically we
have representatives of two patient support groups.
We also have our general public meeting, an annual
meeting, at which there are invitations issued to all
and sundry to come and to ask questions. I have
already explained that I am willing to go to the public
meetings of those particular support groups to
answer questions directly to them and their carers.
We try to solicit ideas from certain people because we
are concerned, as I am as a potential patient, that we
are doing right by them. My other colleagues, I
should say, whatever their subject discipline, speak
with a voice which to me assures me that they are
speaking always with concern for the general public.

Q609 Baroness Finlay of LlandaV: Do you run
consultative road shows, groups or whatever as a
reference panel?
Professor Johns: No, we do not do that, but, as I say,
we have the public meeting to which we ensure that
people are invited to present their views to us.

Q610 Chairman: Mr Harrison, have we not had any
opportunity for you to say something?
Mr Harrison: I do have some comments which I hope
will help the Committee but not on these particular
issues.
Chairman: It is perfectly all right for you to bide
your time.

Q611 Lord Colwyn: Would you tell us what kind of
evidence you look at when deciding if a genetic test
should be approved.
Professor Johns: The geneticists with whom we deal
are aware of the test being proposed to us by the ABI
and so we seek the opinions of appropriate experts in
terms of the two prime issues I have mentioned: the
scientific relevance of the test and its quality for it to
measure what it is deemed to be measuring, and also
the relevance to the clinical condition. We can, as a
committee, only rely on such evidence. The actuarial
basis is from another group of experts including our
own committee members who are actuarial scientists.
That is the process.

Q612 Lord Colwyn: Are the thresholds for the values
of policies which are exempt from the moratorium
still appropriate and are they likely to be reviewed
shortly?
Professor Johns: It is for the ABI really to answer but
I made the point earlier that at the moment they are
much higher by a factor of two than elsewhere and it
is for the ABI to comment on what they think should
be done about linking the levels to some form of
consumer index. I think that those figures will need to
be considered on a regular basis. We, as a committee,
are not pressing and no other subject patient group is
pressing us or the ABI to my knowledge for those
figures to be increased.
Mr Haddrill: We are comfortable with the figures at
the moment. It is true that they are relatively high but
we feel that this whole system depends, as I was
saying earlier on, on confidence and we do not want
to bring forward any proposal if it is not strictly
commercially necessary. Obviously, for the very big
potential claims, where there is a high degree of
certainty, as in Huntington’s, we do think it is
necessary but otherwise we do not.

Q613 Baroness O’Neill of Bengarve: Can you give us
an idea of what proportion of all life policies go above
£500,000.
Mr Haddrill: I am going to have to . . .

Q614 Baroness O’Neill of Bengarve: Approximately.
Mr Haddrill: Let me give you a figure later.
Baroness O’Neill of Bengarve: It would be interesting
if you could let us know because it provides the
context.

Q615 Lord Colwyn: Why was the moratorium
extended? Was there pressing evidence of public
concern?
Mr Haddrill: The moratorium is reviewed every three
years and then extended if appropriate. I think that
really the reason for its extension was that we felt and
the Department of Health accepted that there was
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insuYcient evidence of anything having changed to
require it to be terminated or changed in any major
way.
Professor Johns: The fact that the Committee reports
to three Government ministries, not only health but
also science and treasury ministers, the input of those
three departments in terms of the viability of the
industry and the health issues et cetera, et cetera is
this combination which has led to a decision of “until
we know more, let us carry on with the moratorium”.
That is the answer that I received when I asked the
same question of my Government colleagues.

Q616 Chairman: Let us return to the answers I
received from you and from the Trade Union which
was that you would like to see some kind of
legislation for this.
Professor Johns: We would like to see the debate
taking place in the process of drafting the legislation
to see if one could look ahead.

Q617 Chairman: Why have you not done that?
Professor Johns: We have said that.

Q618 Chairman: Why have you not initiated a
debate?
Professor Johns: The Committee does not have in its
terms of reference precisely that, but we do have the
discussions regularly as to what we think might
happen and certainly the Single Equality Bill in our
evidence to it in September 2007, we did oVer to be
party to the ongoing debate that might ensue if our
recommendation was taken. We volunteered.

Q619 Chairman: Ms Veale, have you any comment?
Ms Veale: We did put in some written evidence to
your lordships and we concluded in that, as I said
earlier, that we did think there was quite a strong
case. We do not have hard evidence but we do have
some anecdotal evidence and we have also noted
some cases that have been reported not just in the UK
but elsewhere. The trouble is that it is one of those
things that it is hard to predict. All sorts of things
happened 15 yeas ago that we would never have
dreamt of and it is very diYcult to work out the
volume and the likelihood of this, but certainly our
indications are that it is likely to be something that
becomes an increasing problem as the science
develops—other people have been saying that—and
also I think that, at times of a recession, employers
look to shortcuts to make sure that they get the most
productive workforce available to them and I think
the temptation is then, if there are easy to use kits or
any way in which they can put pressure on
prospective employees to demonstrate their fitness, to
cut their costs in other areas and one of our particular
concerns, for example, is that, as a shortcut to try and

ensure that the workplace is free of hazards, if you
ensure that you do not have any employees who are
susceptible to particular, say, types of chemical use, it
is rather cheaper than preventing the use of the
chemicals in the first place. So, putting proper
measures in place in the working arena to ensure that
people are not exposed dangerously to those is best
practise. We rather worry that employers are going to
start moving around trying to work out in advance
and predict what the problems are going to be rather
than make sure that, if those problems occurred, their
workplace was fit to deal with them in the way that
they deal with anybody. There are all sorts of other
diseases which people can acquire during their
working life and, in a sense, it is a false economy for
employers because it might deal with genetically
inherited potential disorders but it is not going to deal
with all sorts of other illnesses and conditions that
people may acquire sometimes as a result of exposure
to things at work and also just generally in the course
of their lives. So, it seems to us a rather blunt
instrument and quite a dangerous one which is why,
as I said earlier, we would be very keen to see
legislation, preferably in the Equalities Bill as it is
coming through at the moment.
Mr Harrison: Since I have not spoken, perhaps I
should introduce myself and I am grateful for the
invitation, which I understand has come to me
personally. So, unusually for a barrister, I am not
representing anyone!

Q620 Chairman: There are no fees either!
Mr Harrison: Certainly not, also unusually! As a
jobbing lawyer, my work is principally medical and
other professional negligence, but I have been on the
Gene Therapy Committee for nine years and the
Human Genetics Commission for a few and my
academic background is as a philosopher and bio-
ethicist, so I have an unusual mix which is perhaps
why I am here, but my views are personal ones. My
personal view is that I share the views which have
been expressed that there should be some statutory
provision to prevent genetic discrimination. The
reason why I believe that is because, in answer to your
first question as to whether the existing provisions are
adequate, I do not believe that they are. It is my view
that there are four principal statutes that govern the
possible area of genetic discrimination and those are
the Human Tissue Act, the Data Protection Act, the
Human Rights Act and the Disability Discrimination
Act. The Human Tissue Act makes it an oVence to
have genetic material with the intention of, or
actually, analysing it without the consent of the
person whose material it is. So, one could say that
that would prevent the inception of genetic
information, if applied appropriately. The Data
Protection Act was not designed to deal with genetic
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information. It might prevent unfair processing of
information but, in my view, there are three problems
with that Act in this context. Firstly, it is incredibly
complex; it is not readily understood or applied by
many lawyers; certainly not by many people who
process data. The Human Genetics Commission
recently had experience of a television company that
had broadcast a programme, refusing to give a copy
of the programme to the Commission on data
protection grounds, which seemed nonsensical, and it
was written by the company solicitor, who was
obviously a lawyer. So, it is very complex; it is not
accessible to the public, let alone many lawyers. The
second problem with it is that there may well be a
diVerence between unfair processing and unfair
treatment in the context of genetic discrimination,
and it would be very unfortunate in my view, if that
were left to be worked out by the courts on an ad hoc
basis as cases arose. The third problem, which I have
already alluded to, is that the legislation was not
designed and is not really, in my view, fit for the
purpose of dealing with genetic information. It is
designed for privacy and confidentiality of financial
information, and so on. So, it would really be like
trying to use a spanner to undo a screw. Hence, that
Act may not work adequately, although it might
capture some potential discriminatory situations.
The Human Rights Act, the two principal provisions
would be Article 8, the right to private life, and
Article 14, the general non-discrimination provision;
and the combination of those two again may well
capture many, if not most, potential genetic
discriminatory situations. However, there are two
principal problems with this in my view. One is that it
only applies to public or quasi-public bodies, whereas
a non-discrimination provision one would want to
apply across the board. Two is that Article 8 is a
qualified right, it is not an absolute right, and
therefore interference with that right could be
justified on, for example, health and safety grounds,
or public interest, so long as the interference was
proportionate. The Disability Discrimination Act
would cover genetic conditions once they have
materialised, if they materialised into a functional
disability, but would not cover, for example, late
onset conditions. So, that Act has very limited
application to genetic conditions as well. In
summary, my view is that the existing statutory
framework is probably inadequate. It may cover
many situations but it is unlikely to cover all of them.
My suggestion would be, especially because there is a
Single Equality Bill being debated, that the simple
solution would be to insert a provision in that Act
which might work along these lines, that the default
setting is that genetic discrimination would be
unlawful, but that a defence is provided for someone
who seeks to treat a person diVerently on the basis of

a genetic diVerence, they have to justify that
diVerential treatment. Then you would have to take
into account scientific evidence of the predictive
value of the test, and also the social issues of whether
or not that was appropriate. It may well be complex
drafting but, as a concept, that would be my
suggestion to the Committee.

Q621 Baroness O’Neill of Bengarve: I ask whether
you have in mind that we should have consolidated
legislation that also removes the applicability of the
other four bits of legislation and provision that you
cited which would apply because my somewhat timid
thought is that, while those apply, the simplicity that
you point to will be illusory.
Mr Harrison: That may well be the case, and that may
well be one of the reasons why drafters have fought
shy of it, but the Single Equality Bill is attempting to
consolidate existing provisions, for example on
disability, race, gender and so on. Sexual
discrimination and race discrimination operate by
way of a so-called symmetry where it is e-quality of
treatment that matters, whereas disability
discrimination is asymmetrical and it is e-quality of
opportunity that is sought. So, there are problems
with trying to consolidate even those statutes; but the
fact that it may be diYcult does not, in my view, mean
that we should not try it.

Q622 Chairman: I got the gist of the Article 8
exemption that you mentioned but would you like to
enlarge on that more. I thought that it was absolutely
sacrosanct.
Mr Harrison: Private life is a qualified right and it
means that you can interfere with that right if there
are good reasons for doing so and the interference is
not disproportionate to the objective that you are
seeking to achieve. There are two forms of rights in
the Human Rights Act: absolute rights and qualified
rights. The right to a private life is a qualified right.

Q623 Baroness Perry of Southwark: I am sure that
most of your insurance members are very happy but
presumably some are not happy and I am curious to
know how many complaints the GAIC receives.
Since its creation, how many has it received and what
on the whole is the general nature of those
complaints?
Professor Johns: The first we received was in 2003; the
next was in 2004; one in 2006 and one in 2008. One
related to an American company which we were able
to say was not within our terms of reference but we
were able to give some advice. The others were not
really to do with predictive genetic testing. There was
one which was relating to a particular unfortunate
condition. We had sympathy with the applicant and
we referred it through ABI back to the insurance
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company to see whether it could find some more
sympathetic way of dealing with the issue. As I say,
one was from an American company and the other
three were from members of the ABI. We have never
had a complaint from an individual against a
company which was not part of the ABI. We have had
very few in total and it is generally known that we
exist and it is surprising that we have had no more
complaints than that.

Q624 Baroness Perry of Southwark: I can see an
advantage of going through their own insurance
company first of all, the insurance company they
believe in and then through the ABI, but why is their
no mechanism for them to come directly to you to
complain?
Professor Johns: When it was drafted, the agreement
was that it was proper for the company concerned to
try and deal with it through its own devices, for them
then to go to the ABI and for the ABI to use its
wisdom and influence to see whether the company
would wish to change its mind; we were then the next
port of call. In each case that we have to handle this,
the ABI and the company concerned have been
understanding and, where they were able to, they
have made some appropriate adjustment in premium
setting et cetera. I think that it is well that we should
be way back down the list. We do not have the
resources as a committee of largely volunteers and the
secretariat does not have the resources, in my
opinion, to handle a much greater volume. Luckily,
there has not been this volume but, if it did happen,
then we would have to find a way of dealing with it.

Q625 Baroness Perry of Southwark: But you do
conduct your own inquiry; you do not rely just on
what the insurance company and the ABI put to you.
Professor Johns: Of course. We form our own
judgment on the evidence that is presented and we
can ask for more evidence from the applicant in terms
of what had happened and we can see
correspondence that they have had with the
insurance company. In fact, the insurance companies
are the last ones we go to once we have the evidence
of the complaint. We discuss it in committee fully
before we do.

Q626 Baroness O’Neill of Bengarve: I am going to
ask a slightly provocative question because I think
that it might give us a little bit of a shortcut. When
GAIC was established—and I must declare a past
interest; I was a member of the Human Genetics
Advisory Commission and it was the report that we
did that led to it being set up—the industry took what
I would describe as a much more gung-ho approach
and they thought there would be many more tests
that they would need to get approved and it is slightly

surprising—and I think that we must be about ten
years out—to hear that there is a single test and that
that is softened by a very, very high limitation on the
amount on the policies to which it applies. To make
the question somewhat provocative, is what has
happened that the ABI has persuaded its members
that it is politic to retreat a great deal or is what has
happened that we have established in GAIC a
committee that is indeed doing very good work but
where the absence of complaints and the retreat of the
industry shows that it is just not needed? That is
something provocative for each of you.
Mr Haddrill: I think that GAIC should continue to
exist because I think that circumstances will change
as the science develops. I think that what you see is
a reflection of the fact that, as genetic testing became
established some years ago, there was a great deal of
excitement about it and people were making
assumptions about its applicability and that led to
quite a big public debate about the role of insurance
and that led us to recognise the importance of
customer confidence and public confidence in this
area and to recognise that GAIC was right when it
sets quite a high bar for evidence and also I think that
we have a better understanding of how genetic testing
fits today within a wider set of factors. So, we are
where we are today and I think that it is appropriate.
In future, if circumstances change, then you may well
be right, but I do not think it is a criticism of GAIC
to say that we only have one test at the moment.
Professor Johns: The point also to make of course is
that whilst we are described as a scientific advisory
committee, we are actually more than that because
we do have this monitoring function to monitor the
compliance and looking at the way in which the
industry regulates itself and I think that that is
something which will need to be done in any new
legislation. The Single Equality Bill could have the
sort of provisions which have been mentioned but,
looking at the fairness issue and the way in which that
has been interpreted, there will have to be a
mechanism similar to GAIC which is ongoing. This I
think is why it has been advocated to have the
legislation including something on genetics which
should not be too rigid because the ongoing science
and the ongoing increase in knowledge would require
that to be an evolving progressive activity where a
committee of some kind would be looking at those
issues with the evolution of the knowledge base.

Q627 Baroness Finlay of LlandaV: Should
individuals who are known to be at a higher risk of
developing early onset disease pay more for their
insurance?
Mr Haddrill: We believe in the insurance industry
that the best mechanism for providing insurance for
customers is to price according to the level of risk, but



Processed: 29-06-2009 20:50:47 Page Layout: LOENEW [E] PPSysB Job: 418432 Unit: PAG3

314 genomic medicine: evidence

29 October 2008 Mr Stephen Haddrill, Ms Sarah Veale,
Professor David Johns and Mr Michael Harrison

I think we also recognise that that is not a perfectly
accurate science and you cannot put it up by a penny
for everything that you think you can spot. That is
the principle that we would stick to, but we need to
do that on a basis that is fair, and on a basis that is
well evidenced that the thing we are saying makes a
diVerence really does make a diVerence. That is why
we feel, as we responded to Baroness O’Neill just
now, that we do not quite have the evidence except in
that one particular area.
Mr Harrison: I think it may be more appropriate for
Professor Johns to speak first.
Professor Johns: The issue of course is essentially one
that this sort of insurance is entirely voluntary; it is
not compulsory; it is not a nationally agreed
contributory scheme or a social insurance scheme.
Maybe those who have a predisposition will be the
ones coming forward wanting to take the higher
value policies because they see themselves as
potentially at risk and want to protect their
dependents. On that basis—and we have to accept
that—the issue becomes one of, what is the fair
discrimination? That is the actuarial basis that has
been discussed before. That is why it is such an
important issue in terms of us looking at any new
cases that come forward.
Mr Harrison: On a general issue about insurance, lots
of people seem to regard insurance companies as the
villain and so regard it as morally acceptable to
inflate their claims when making them, and see no
diYculty with that. I have a “thought experiment” as
some philosophers might regard it: I wonder whether
that is because they regard insurance companies as
commercial animals whose objective is to generate
profit and be accountable to shareholders whereas, if
there were a mutual arrangement as there is with, for
example, insurers amongst some professional bodies
(doctors, the Bar has a mutual insurance company),
perhaps that then leads to a diVerent regard which
applicants for policies and claimants might have, and
that may also enable you then to have a slightly
modified approach to insurance than the strictly
actuarial risk assessment approach. It is merely some
thoughts and I am not suggesting that they are
worked through.

Q628 Baroness Finlay of LlandaV: How easy is it for
someone to know that their insurance premium has
been loaded and the reasons for it?
Mr Haddrill: Under the code, in relation to a genetic
issue, that would be disclosed to them.

Q629 Baroness Finlay of LlandaV: I mean in relation
to any issue. Family history is something we spoke
about earlier on as being an important indicator but
we know that it is very imperfect.

Mr Haddrill: The insurer will explain their
underwriting decision and the customer can
obviously ask for more information and generally
that would be given providing that it was not
breaching any other data protection requirement.
Professor Johns: And people can shop around. In fact,
with 400 or so companies within the ABI, many of
whom do life insurance-type cover, any good
customer is going to shop around to see what is the
best deal they can get. It is known that some
companies take note of family history more than
others; some take note of genetic test data more than
others; some say they never take note at all. They do
not even give a credit to an individual who has
disclosed a negative test because they just do not take
it into account.

Q630 Chairman: But, as Lady Finlay points out, is
that information widely, openly, transparently
available or do they have to keep asking the
questions?
Professor Johns: I suspect not.

Q631 Lord Colwyn: If insurance companies do not
like the risk they just stick an excess on it, do they not?
Professor Johns: It is not for us to comment.
Mr Haddrill: If they do not like the risk as it is
presented, they have a choice of declining the
application. They will explain why, or they may
increase the premium. That is their business
judgment.

Q632 Baroness Finlay of LlandaV: And if with time
that loading is demonstrated to be inappropriate as
more information comes forward, is there any system
whereby the customer could be reimbursed for
having eVectively overpaid or been overcharged on
false data?
Mr Haddrill: If the customer has provided the data
and the insurance company has reached an
appropriate judgment on the basis of the data the
customer has provided then I think that is where it
should rest. I do not think it is a question of
repayment. If the customer can provide new data
then I think the insurer would take that into account
and review whether the premium was appropriate or
should be changed.

Q633 Baroness Finlay of LlandaV: I was thinking
more about advances in medical treatments that
might alter the risk very greatly of conditions that
previously were potentially fatal which become very
treatable and whether therefore there is an
adjustment the company should make for those
people who have been at risk but have looked after
themselves appropriately.
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Mr Haddrill: I think if the risk changes the customer
should ask the insurance company to adjust the
premium they are collecting. Of course, before the
new information it was the risk as seen by the
insurance company at the time and they would have
had to factor that risk in.

Q634 Lord Warner: Can I bring us back to this issue
of legislation and discrimination? The Human
Genetics Commission stated in their response to the
Government’s consultation on the Equality Bill that
“there is anecdotal evidence of genetic discrimination
which constitutes an adequate justification for
legislation now; and that there are reasons to believe
that opportunities for genetic discrimination will
increase”. We have been over this ground a bit this
morning but we have had diVerent views. This is a
fairly unequivocal statement: there is a problem now;
there is a mischief to be addressed by legislation. I
would first like to put my question to Mr Haddrill
because he is the more sceptical voice in this at the
moment. Why do you think that you and your
members are in a diVerent position on this from the
Human Genetics Commission and some of the other
interests?
Mr Haddrill: We believe that with the moratorium
our customers are properly protected, and that
remains the case at the moment. Looking to the
future, if circumstances were to change, science
changed or other risks for our potential customers
appeared, then we would review the situation, but at
the moment we think it is appropriate.

Q635 Lord Warner: But the Human Genetics
Commission, and they presumably have a reasonable
knowledge of the state of science, are taking a very
diVerent view.
Mr Haddrill: I am not disputing that there are
potential risks. What I would say is that what the
moratorium does in relation to insurance, and
obviously it does not do anything in relation to
anything else and the Commission may be talking
more widely, is protect against those risks in current
circumstances for insurance.
Mr Harrison: I agree that, yes, the opportunities are
likely to increase as knowledge increases, and it is
almost weekly that you hear a report in the press of
some new association between particular genes. On
Monday it was an Australian group reporting a link
or an association between a particular gene and
trans-sexualism, and it does not need much
imagination to anticipate the discrimination that
could arise from that. It is likely that the
opportunities are going to increase, and if the
mischief is to prevent unfair treatment then it seems
illogical in my view to wait for the evidence of actual
discrimination before taking steps to prevent it

occurring in the first place. The analogy that I have
on occasion used, is waiting for the horse to bolt. It
seems to me that if the evidence is at the moment only
anecdotal, and there may be various reasons for that,
that is suYcient justification for acting if, as I believe
to be the case, the existing provisions are not
suYciently watertight to prevent the mischief which
we are trying to prevent. So far as the evidence is
concerned, the Commission recently spoke to the
Australian equivalent of the HGC which had
conducted some research itself, and I want to explore
that further with them because they have clearly done
it in a structured way, gathering data and doing a
statistical analysis on the data that they have
gathered. They did have evidence, which had a
statistically relevant value, of genetic discrimination,
ie, a genetic condition which was not scientifically or
actuarially relevant but which had resulted in
diVerential treatment, and what one would regard as
unfair treatment. Clearly the Commission has a
monitoring role and it would be relevant to explore,
and I hope we can, how the evidence may be
gathered, and also persuade the ministers that those
gathering roles should be performed and the evidence
accumulated. But even as long ago as Inside
Information, which was 2002, there was evidence in
that report from the Commission of discriminatory
treatment in, for example, travel insurance. There
was one specific example of a carrier of a genetic
condition who had been refused travel insurance. Of
course, she was not herself aVected in any way apart
from carrying the gene. There is likely to be some
evidence of genetic discrimination but there is a need
to identify it, and to gather it properly. I do not know
whether that answers my Lord’s question.

Q636 Lord Warner: That is very helpful. Can I just
explore one other related issue? This brings us back to
the point about complaints that we discussed earlier.
I have spent quite a lot of my life dealing with
complaint systems and reorganising systems in a
number of fields, and one of the things which is very
clear from all that is that you do not get complaints
if people do not know where to complain to. You said
rather confidently, Professor Johns, that you thought
people knew all about GAIC and that it was quite
well known. What is the basis for thinking that? In
the industry they probably know about you but why
would the general public know about you?
Professor Johns: The general public who have a
problem will be in touch, I presume, with a particular
genetic support group and they all know about us.
Our website is well read. Our annual reports are
available going way back to 2000. The fact that we do
have these meetings with the genetic support groups
is evidence that they know of us, we know of them,
and we are receptive to anything they tell us and any
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complaints coming through them we deal with. That
is why I say we go to meetings to meet the suVerers
of the particular mutation face to face and hear their
experiences. It is always very humbling, by the way,
to do that.
Mr Haddrill: Could I add to that, my Lord? I think it
is important to remember that insurance companies
have quite strict obligations to the FSA and others
about reporting to the customer what the appeals
mechanism is. You may well not know about the
institution until the problem arises but once the
problem arises the insurer will have to inform you
about where you should go if you are unsatisfied with
the way the complaint has been dealt with by the
company.
Professor Johns: We have advised the ABI and they
have asked us for such advice on the way their
consumer advisory leaflets are written, and that gives
full mention of us as a committee.

Q637 Baroness Perry of Southwark: Following on
from Lord Warner’s earlier question, you mentioned,
I think, Mr Harrison, that there was only anecdotal
evidence. The IoD did conduct their own survey in
2000 and found that 0.6 per cent of organisations do
routinely perform genetic tests or arrange to have
them conducted on their employees. Is that a cause
for concern?
Ms Veale: Can I make a comment on that? The IoD
survey also discovered that 50 per cent of their
members would use those sorts of tests to identify
workers at risk from particular occupational hazards
and that worries us much more than the relatively low
figure of those who routinely perform them. I think
this is the worry: the more employers get concerned
about insurance claims like personal injury claims,
which are growing against them—there are much
more imaginative lawyers around now, with the
greatest respect—the more they are going to start
looking to use these tests to avoid having to do
something far more expensive, which is to stop
producing in a particular way which might be more
economical. We have put that into our written
evidence but that is from our point of view a much
more worrying aspect of what employers are doing. I
do not normally praise the IoD but I think what they
have done on this has been very helpful. They are to
be congratulated on it.

Q638 Baroness Perry of Southwark: It would only be
a cause for concern if it were before employment.
Ms Veale: Yes.

Q639 Baroness Perry of Southwark: While
somebody is in employment it can only be used to
make life better for them to prevent them from being
exposed to hazards.

Ms Veale: Indeed, there is that positive aspect to it,
but our worry is, exactly as you say, the pre-
recruitment where it is a sort of blunt instrument to
try and avoid—

Q640 Baroness Perry of Southwark: “You cannot
have the job because—”?
Ms Veale: Exactly, yes.
Mr Harrison: The HGC has a monitoring role and
carries that out, and so do other bodies. The
Information Commissioner’s Employment Practices
Code asks employers to inform the Commission of
any proposals to use genetic tests for employment
purposes, and the HGC also liaises with the Faculty
of Occupational Medicine on the use of genetic tests
in the employment context. The HGC has not yet
been informed of the use of genetic tests in the
employment context so, although it is a very old
survey, over eight years old, I anticipate that it is
unlikely the result would be any diVerent if the survey
were done now, but I wonder whether it might be
convenient—and I am in my Lord Chairman’s
hands—to deal whilst I am talking with the following
question because it raises the same issues.
Baroness Perry of Southwark: Just before you do so
could I just press you because we have not, I think,
seen, my Lord Chairman, the evidence of the IoD
survey?

Q641 Chairman: It is mentioned in the report?
Ms Veale: Yes.

Q642 Baroness Perry of Southwark: The 0.6 per cent
were all very large multinational companies, were
they, or were they British companies solely?
Ms Veale: I am just checking my notes. The IoD
membership includes small and large companies so I
presume they randomly surveyed their member
companies but I do not know that.

Q643 Baroness Perry of Southwark: I just wondered
what the 0.6 per cent was.
Ms Veale: It is a good question.

Q644 Baroness Perry of Southwark: I am sorry.
Mr Harrison: Not at all, and indeed that may well be
relevant to information gathering and monitoring
discrimination generally, the need for a structured
and well-researched and funded process. This
question raises the broader issue of whether
employers should be able to rely upon genetic testing
results at all, and I wonder whether it may be helpful
to give the legal background, as I see it, that is
relevant to potential liability and potential
discrimination issues. The classic health and safety
rubric is that you analyse the process, you identify the
risk, you eradicate the risk if you can, and if you
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cannot eradicate it you take steps to reduce it and to
protect employees against it. I would personally
counsel against any treatment of genetic risks on a
diVerent basis than that general health and safety
approach, which means, of course, that you need to
have the information about the link between
occupational diseases and genetics, which is poorly
understood scientifically at the moment, but that will
change. Genetic information is no diVerent in
character for these purposes, from any other kind of
health information. The traditional common-law
approach when dealing with risk of injury has been
“state of knowledge”, for example, in industrial
deafness. Until, I believe, the fifties there was no
means of protecting employees against the noise of
industrial processes, in particular shipbuilding. Once
a means became available to protect against noise, it
was then negligent not to protect them against it,
because there is no way of avoiding the generation of
noise when beating steel and making ships. That is
the background, and the old law, known as the
Withers v Perry Chain doctrine, was that an employer
was not obliged to sack an employee who was at risk
of developing an occupational disease but who
wanted voluntarily to remain in employment; this
particular case (Whithers) involved dermatitis. That
has changed, and the present position is that
employers are under a duty including, if there is no
other option, a duty to dismiss an employee who is at
a particular risk even if the employee wishes to
continue working and taking the risk.1 Again, I
would counsel against treating genetics any
diVerently to other health information, and so in my
view what that mandates is that employers should be
expected to stay abreast of genetic knowledge insofar
as it relates to occupational risk; that if there is a clear,
identifiable risk to health, with a genetic basis, but the
occupational process cannot avoid that risk, then the
employer would certainly have an obligation in my
view to oVer a test and, unless you change the law
radically, the current state of the law is that they
would also be liable in negligence if they permitted
the employee to continue in the job. If you are going
to change this, it means treating genetic risk, in a
diVerent way from any other kind of risk, and that
runs the risk of genetic exceptionalism, which I think
we should avoid. I do not know whether that helps by
way of background.

Q645 Chairman: Thank you very much.
Professor Johns: Could I add a comment, my Lord
Chairman? I can see, as an aeronautical engineer,
situations in which, for the safety of passengers, tests
1 I omitted to refer to the case which many regard as having

reflected/established the “new” law. That was Coxall v Goodyear
[2002] CA. I enclose copies of both Withers and Coxall, and a
reference from the leading textbook on employers Liability
(Munkman) for the Committee’s ease of reference.

of whatever nature, be they genetic or otherwise,
would need to be employed to ensure that pilots or
other key staV working in or on an aircraft were able
to perform their functions properly. I was once
working with NASA and invited to apply to join the
space programme, the shuttle programme. Looking
at the application form, I was able to say very quickly
why they would not want to consider my application,
because on several counts I would have failed their
requirements eg—low blood pressure, which meant I
would probably experience diYculties in high-g-
manoeuvres; hay fever and other conditions as well.
So I was able to say, “Sorry, but—”, but I did not find
any problem with that. It was not to do with genetics
but I recognised that even if I had wanted to go I was
not going to be accepted. There are situations where
third parties might be involved and I think the law
needs to protect third parties despite the individual
wanting to take part in an activity.

Q646 Lord Colwyn: We have heard evidence that
diVerent genetic tests on the same material can often
come up with diVerent results. Do you think there is
a risk that genetic tests might be misinterpreted and
result in individuals being erroneously denied
insurance or prevented from carrying out a specific
job?
Ms Veale: There is a very simple answer to that,
which is yes. I could not add to that.
Professor Johns: Yes, the answer must be. There must
always be that chance.
Mr Harrison: I would respectfully entirely agree. A
recent example was mapping done by three diVerent
companies. The mapping was the same but the
interpretation was radically diVerent. My view is that
that points to a need for some standardisation and
some regulation of tests, not just, “Does it do what it
says on the tin?”, which is the current regulatory
scheme, but, “Is what the test tells you, worth
knowing?”.

Q647 Chairman: I think your comment is correct.
We are informed that part of the reason for diVerent
interpretations is related to the number of candidate
genes used by each of the companies, but that throws
up another question, which is whether there needs to
be standardisation in the way these companies
operate. However, if we go back to today’s
discussion, we have had quite a go about whether this
legislation is required or not and you started, Mr
Haddrill, with a comment that in the countries where
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legislation exists some of the countries, Portugal
being an example, it has not been found to be that
eVective in terms of the limiting of insurance for
people going for insurance. Would you like to expand
further on this because you clearly are not in favour
of any legislation?
Mr Haddrill: I am not in favour of having legislation
at the moment until we know a bit more about how
current circumstances are going to develop. In
Portugal they had basically just a blanket ban. I think
that is rather diVerent from the proposal that Mr
Harrison put forward just now, which I think was
quite an interesting one.

Q648 Chairman: Correct me if I am wrong. As I
understand it, Portuguese law is similar to US law.
Mr Haddrill: Yes. I believe it went a bit further than
US law but it is basically that approach. The
circumstances in Portugal are diVerent from here and
I think will now continue to be so, which is that they
did not really have a very highly developed life
insurance market in the first place. It seems that no-
one is making any eVort to develop it now. I think the
key thing, and perhaps I should be careful about
picking out particular countries, is that when we look
at what happens in each country in legislative terms,
we have to look at the context in which that
legislation has been written. In Portugal they have
done that but they did not really have a life insurance
industry of any significance to consider anyway. In
the US you have legislation, particularly in relation
to private medical insurance, but private medical
insurance is the principal means of providing
healthcare, so that is very diVerent from a country
where access to the NHS is always going to be
available and guaranteed. My only counsel would be,
as we look at diVerent countries, to look at that
country’s legislation against that context. The point
that Mr Harrison made about a ban plus objective
justification is really, in relation to insurance, more or
less what we have in a self-regulatory way now, which
is that we have to go to GAIC and justify our case,
so that proposal does not alarm me. However, what it
does do is move away from the objective justification
being tested by a quasi-voluntary body like GAIC to
being tested by the courts, presumably, and I think
there is a debate to be had about what is the best sort
of organisation to undertake that objective
assessment.

Q649 Baroness O’Neill of Bengarve: I want to ask a
question, not about the establishment, which you
yourselves represent, but about the outlaws. ABI
does not include all companies that sell insurance in
the UK, and, of course, there is the possibility of

individuals seeking genetic tests over the internet and
that might grow. I would be very interested to know
what comments you may have on the impact of the
outlaws, as I have termed them, on practice, and
clearly it could, if it grew a great deal, lead to quite a
lot of adverse selection typical for the industry,
evasion of GAIC’s rulings. What view do you take
of that?
Mr Haddrill: I think it is a good question. The
outlaws at the moment are far too weak and too small
to have an impact on the industry. We are talking
literally about a few per cent of the total market, so
from that point of view it does not alarm me at the
moment and I do not really see that any of the
companies there have got the capacity to grow
significantly. They are really quite small.

Q650 Baroness O’Neill of Bengarve: And their
reason for being outlaws is nothing to do with
desiring to do genetic testing, or is it?
Mr Haddrill: I do not really want to speculate on why
they have not joined the ABI but I doubt if it would
be that. They probably do not want to pay our
subscription. You mentioned the internet. An outlaw
out there at the moment is home testing, I suspect,
that individuals test themselves and that information
is not made available through the health service to
anybody and they can then go and take out a very
large insurance policy and so on, so there is that risk
for us with home testing. There is also the risk for the
individual with home testing that they get a shabby
sort of result and worry themselves silly and all that.
I think a major growth in home testing is an example
of the kinds of things that change the circumstances
that we have now so that we are going to have to look
at current arrangements again.
Professor Johns: One point to make also is that the
companies concerned are regulated by the FSA, and
if any one individual has a complaint and the
complaint is clearly the business of a body like GAIC
I can imagine the FSA referring the complaint to us
for comment.

Q651 Baroness O’Neill of Bengarve: Is that only for
a British company?
Professor Johns: It is only for a British company, yes,
but I take the point also on the tests which are now
available. Many of these, we suspect, are not reliable
and if individuals are using them they may be
worrying needlessly, or worse, maybe getting
assurances which they should not be getting.

Q652 Lord Warner: Can I ask a slightly unkind
question, mainly pitched at Mr Haddrill, who I
emphasise I am not picking on?
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Mr Haddrill: Are you really sure, my Lord?

Q653 Lord Warner: Can we explore this issue of
family histories? What is the evidence, if any, that
insurance companies have been more demanding or
could become more demanding in the family history
information that they determine? If you were an
unkind person, which I am not, you could speculate
that the industry would be quite happy with the
moratorium but might deal with the issue by being
much more demanding of family information.
Mr Haddrill: I do not think they are likely to become
more demanding because they are always regarded as
a very important source of information and
actuarially significant, so I do not think it is
stimulated further by genetic issues. I think it is there;
it is part of the way the market operates.

Q654 Lord Warner: So there is no evidence that
people have changed their questionnaires?
Mr Haddrill: I do not think that is the case. I think
they have always placed quite a heavy weight on
family history and it is quite an important way of
assessing risk.

Q655 Baroness O’Neill of Bengarve: What is the
actuarial qualification of those doctors who work as
chief medical oYcers for insurance companies?
Mr Haddrill: I am not sure exactly what the
qualification is.

Q656 Baroness O’Neill of Bengarve: They evaluate
the diYcult family histories for you, do they not?
Mr Haddrill: Yes, they do. We need a combination of
actuarial and medical expertise in order to do that,
and under the code in relation to genetic information
they have to make sure that they have both adequate
medical resource and actuarial resource, and indeed
they have to have nominated oYcers because if they
are not available for any reason they cannot proceed
until they have found somebody else to take their
place.
Professor Johns: There are two other related points. Of
course, not everyone knows who their birth parents
are and anyone asking questions about families
cannot therefore make any sensible deductions. The
other issue at the other end of the scale, and I was
involved in two events this year wearing my GAIC
hat to find out more, is to what extent, for example,
in first-cousin marriages is advice being given to those
contemplating first-cousin marriages about genetic
issues. That, of course, could be a situation where
problems could be amplified if the combination of
genes produced as a consequence is unfortunately
producing particular diseases. There are a number of
issues here which a family history taken by a
conventional GP would not necessarily bring up.

Q657 Chairman: I know you have to go, Ms Veale.
Do you think we have covered the employment side
enough?
Ms Veale: Very adequately indeed. Thank you very
much for the opportunity for the TUC to put our
views. My apologies. I do not intend to be
disrespectful. I have an engagement at 12.30 which I
am already committed to.

Q658 Chairman: If I may come back to the rest of
you, I will ask you the same question. We have
covered a lot about the use of genetic information for
insurance purposes. You mentioned, Mr Harrison,
about the employment side. Does anyone want to
expand further on the need to have any legislation
related to genetic information in employment?
Mr Harrison: I do not believe there is anything that I
would wish to add to what I have said already.
Perhaps I might come back to Baroness O’Neill’s
point about the qualifications of CMOs at insurance
companies, which raises the issue about who decides
on the risk, and the quality of information; which
takes us back to the reliability and standardisation of
genetic tests. Certainly in the past it has been reported
to HGC through consultative panel members that a
number of insurers that they have approached for
cover in a particular situation have refused it,
possibly on the grounds, “It is something to do with
genetics and we do not want to know”, but they have
persisted and have eventually obtained cover when
they have explained that although it is about genetics,
their level of risk is not materially diVerent, and they
have explained why. That problem needs to be
addressed and at the moment it may be capable of
being addressed by GAIC, ie, if it is not a licensed
test, then it is irrelevant and therefore use of the
information would be discriminatory, so that may be
one possibility. Adopting the model that I floated
earlier may well need some supplementing with a
GAIC equivalent which would be relevant both to
occupational issues and to insurance issues, but in
addition, perhaps in exactly the same way as you have
in the medical field, you would need standardised
tests. In medicine if you want to know what the INR
is in the blood, you do a test that is recognised
internationally, wherever it is done. Perhaps if I were
to be asked to give a headline it would be this, that
there is a need for a standardisation of genetic tests in
the same way, if it is possible to do it, that there is with
medical tests, and the International Conference on
Harmonisation perhaps is the body where that
should be discussed; and that might ameliorate quite
a number of the potentially discriminatory issues we
have been looking at.
Chairman: Thank you, all of you, for coming to give
evidence today. If you have any final comments to
make on any of the issues we have discussed feel free
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to do so. Also, if you find that once you have gone
from here there is something you should have said

that might be of help to our inquiry please feel free to
send the information to us and it will be regarded as
the oYcial evidence.
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Memorandum by Oxford Nanopore Technologies Ltd

Introduction

Oxford Nanopore Technologies Ltd (“Oxford Nanopore”) welcomes the House of Lords Science and
Technology Select Committee’s inquiry into genomic medicine and is grateful for the opportunity to
contribute evidence on this important subject.

The successful introduction of genomic medicines relies on a complete process from basic research, through
drug discovery and development and integration of medicines or techniques into practice. DNA sequencing
technology is a key and rate-limiting part of this process, and the technology under development at Oxford
Nanopore has the potential to accelerate the growth of genomic research and development.

Executive Summary

Oxford Nanopore is a British company, spun out of the University of Oxford in 2005 and founded on the
science of Professor Hagan Bayley. It is developing new technology that has the potential to improve greatly
the speed and cost of DNA sequencing. Currently, DNA sequencing is expensive and slow, and this is a limiting
factor in the development of genomic medicine. Oxford Nanopore’s technology is being developed to allow
DNA analysis to be performed without amplification or labelling, the two steps that limit current methods.
These qualities allow for dramatically faster and cheaper DNA analysis. A technology with these qualities will
therefore enable a major acceleration in the progression of genomic knowledge and the development of
genomic medicine.

Nanopore technology is poised to impact genomics research in academia and industry worldwide, with major
implications for healthcare. However, the lack of clear funding mechanisms that are specific to emerging
genomic technologies risks undermining future advances and their potential benefits for the NHS and UK
economy.

It is accepted that the area of genomic medicine raises many ethical, clinical and regulatory questions, and that
public confidence in genomics is fragile, as highlighted by recent concerns over genetic privacy and direct-to-
consumer genetic testing. The Government should anticipate a rapid acceleration in developments in genomic
medicine. Expert debate, public engagement and the creation of a robust regulatory framework is urgently
needed to safeguard the future benefits of these medical advances.

What is the state of the science and what is the rate of change?

Basic research: “The current challenge is to reach a price-performance point [in DNA analysis] that
would enable previously impossible genome-wide studies. Making use of genomic information will
require extensive validation of correlations between mutations and phenotype. This can be done
either by large-scale association studies, bioinformatic predictions, or biological methods. Only then
can genetic information be used to explain many facets of human life and society.” Genetic
Engineering News, 2007

Drug/diagnostic development: “Pharmaceutical companies will be able to discover potential
therapies more easily using genome targets. Previously failed drug candidates may be revived as they
are matched with the niche population they serve. The drug approval process should be facilitated
as trials are targeted for specific genetic population groups—providing greater degrees of success.
The cost and risk of clinical trials will be reduced by targeting only those persons capable of
responding to a drug.” Human Genome Project on pharmacogenomics.i
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The development of genomic medicines is driven by understanding of the relationship between genotype (the
genetic code of an individual) and phenotype (the physical manifestation of that code, this may be a disease,
condition or a risk factor, or an individual’s specific response to a medicine). Although the volume of available
genomic data is significantly larger than even two years ago, it is acknowledged that there is still an enormous
amount to achieve. We describe here two areas in which knowledge is developing:

(a) Basic research: Understanding of the influence of genotype on disease

There is currently a considerable research focus on specific genetic variations called Single Nucleotide
Polymorphisms (SNPs). A SNP is seen when a single nucleotide, or ‘DNA base’ in one human diVers from the
standard sequence in a human genome. This genetic variation can result in errors in protein production and
therefore influence disease.

“New technologies that are slashing the costs of sequencing and genome analyses will make possible
the simultaneous genome-wide search for … SNPs and other DNA alterations in individuals.
Already, the unexpected variation within one individual’s published genome has revealed that we
have yet to fully comprehend the degree to which our DNA diVers from one person to the next. Such
structural and genetic variety is truly the spice of our individuality.”

Science, 2007: “Breakthrough of the Year: Human Genetic Variation”

The International HapMap project has progressed the catalogue of known human SNPs; in 2007, phase 2 of
the project was reported, and the map now includes three million SNPs, representing between 25–33 per cent
of all human SNPs with frequencies above 5 per cent. Genome-wide association studies generate
understanding of the genotype-phenotype relationship by revealing which SNPs are associated with which
diseases or conditions. To date approximately 130 such studies have been published, and reveal genetic
variations associated with diseases such as prostate cancer, systemic lupus erythematosus, obesity and
schizophrenia. However, examining only SNPs has serious limitations, as the full complexity of the genetic
influence on disease cannot be seen, and only common diseases can be examined.

Ultimately, researchers aim to compare the complete sequenced genomes of many patients with a disease
against a control group, rather than their lower-resolution “scanned” genomes. At a cost of several hundred
thousand dollars per complete genome, this is not currently feasible. However, with a potential step-change
in sequencing cost and power on the horizon, this may be possible within years. Several major genome projects
have been initiated, in the understanding that technologies will evolve. For example the 1,000 genomes project
aims to sequence 1,000 individuals to gain a much higher-resolution map of genetic variation that will support
future disease studies. The UK’s Wellcome Trust Sanger Centre will play a major role in this project.

(b) Drug/diagnostic development. Understanding of the relationship between genotype and drug response

Accessible genome sequencing will allow pharmaceutical companies to correlate drug eYcacy and adverse
events with patients’ genetic profiles. This vision of personalised medicine only becomes achievable when
genome sequencing is fast and cheap enough to be routinely integrated into the drug development process.

In summary, it is believed that a new technology that makes powerful genome sequencing available at a
reasonable cost will accelerate the understanding of the genetic cause of disease. This in turn will accelerate
the process of discovering and developing new genomic diagnostics and treatments. Also, the ability to
integrate genome sequencing into the drug development process will allow the development of more targeted
treatments, bringing improved health outcomes and more cost-eYcient treatment paradigms. Nanopore
technology has the potential to deliver this step change in the speed and cost of genome sequencing.

What is the current research priority?

Genome sequencing: cost and speed
A large proportion of current genetic research focuses on the analysis of smaller, specific regions of the genome.
However, researchers aspire to be able to sequence and analyse the complete genomes of large groups of
humans. Genome sequencing performance is therefore frequently discussed in terms of the cost of a whole
genome, despite the fact that this is not yet common practice.

An entire human genome has 3.2 billion base pairs, the same number of letters as 2,000 copies of War and
Peaceii. At this time, early 2008, it is estimated that fewer than eight complete human genome sequences have
been produced. The first, mapped by the Human Genome project, cost approximately $3 billion, the second
$100 million and the third, that of the DNA pioneer James Watson, $1.5 millioniii. When considering the cost
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of sequencing, it is important to include the costs of instruments, reagents, labour and bioinformatics. It is
estimated that the current cost of completing a human genome is in the range of several hundreds of thousands
of dollarsiv.

In 2004, the US National Human Genome Research Institute (NHGRI), part of the National Institutes of
Health (NIH), launched a $38 million grant programme to drive the cost of a human genome past the $100,000
barrier to $1,000. The only grant awarded outside North America was to Professor Hagan Bayley of the
University of Oxford, for the development of nanopore technology towards DNA sequencing.

Limitations

Current sequencing technologies are limited by the following technical processes:

— The need to amplify (make multiple copies of) DNA before starting to analyse it. This process is time-
consuming, complex and expensive. During the amplification process, errors may be integrated into
the DNA copies.

— The need to label the DNA. The four diVerent DNA bases: Guanine, Adenine, Thymine and
Cytosine (G, A, T and C) are so similar that existing methods use chemical labels to distinguish
between the bases and record their sequence. This involves the use of expensive reagents, and a
complex workflow that can use many skilled scientists and take many days.

— Conversion of the signal. By using fluorescent labels, the instruments measuring the DNA need to
convert a photon signal into an electric signal, for digital analysis. Data storage, reassembly and
analysis is resource-intensive; re-assembly of the data at the end of the process is one of the most
complex stages, and may be likened to putting together a jigsaw that has many millions of pieces.

It is these limitations that mean that routine genome sequencing is out of the reach of many researchers, a
factor that limits the progression of genomic medicine. Only a technology that is free of the steps mentioned
above is expected to be able to deliver a step-change in the power and cost of genome sequencing, and enable
the acceleration of genomic medicine.

Nanopore Technology

For nearly 20 years, groups of researchers in the US and UK have been exploring the potential to use
nanopores to identify single molecules, and more recently to sequence DNA. This groundbreaking science has
been celebrated on the front covers of Nature and Scientific American.

While the race towards a $1,000 genome is being fought by a small number of companies, these technologies
are largely based around new or improved labelling techniques. It is not only the scientific community that is
interested in these developments. The financial community is following the space as an example of technology
that will drive large-scale changes in healthcare. A recent analysis of the technologies by the investment bank
UBS concluded that “Nanopores are dramatically faster and cheaper than conventional [sequencing] …
nanopore technology could one day be the cheapest and fastest…approach”

Nanopore technology is poised to deliver a new paradigm in genomic research. This would be a trigger for the
acceleration in the development of new genomic diagnostics and treatments.

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

Consumer groups and others have repeatedly raised ethical concerns about the acquisition, storage and use
of genetic information. The expected growth in genomic data and resulting genomic applications may increase
these concerns and it is important that the Government considers fully the implications of imminent
technological breakthroughs for privacy and discrimination issues.

There is already concern that companies selling direct-to-consumer genetics tests may mislead or exploit
consumers. A significant reduction in the price of DNA sequencing is likely to increase the availability of such
technology, necessitating sector regulation.

Oxford Nanopore believes that the complex and controversial issues that surround genomic medicine warrant
extensive debate which must be facilitated by Government. This approach would reflect global best practice.
For example, The U.S. Department of Energy (DOE) and the National Institutes of Health (NIH) devoted
3% to 5% of their annual Human Genome Project (HGP) budgets toward studying the ethical, legal, and social
issues (ELSI) surrounding availability of genetic information. The UK’s Human Genetics Commission is an
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excellent example of an organisation that can fulfil such a role, and Oxford Nanopore would welcome further
government support of the HGC to expand the scope and volume of its work.

The technology under development by Oxford Nanopore would create a revolution in genetic research and a
rapid acceleration in genomic healthcare. A robust, future-proofed regulatory framework that addresses both
clinical and ethical issues should be developed in consultation with all stakeholders. This will ensure the stable
introduction of new genomic medical treatments to the benefit of patients and the NHS.

How much cross-sector collaboration takes place?

Oxford Nanopore was founded so that the multidisciplinary skills required to create an amplification-free,
label-free, nanopore DNA sequencing system could be assembled into one organisation. The company is
closely aligned with the University of Oxford, and draws on an international network of world-class academics
in the area of nanopores. This network includes faculty members of Boston University, Harvard University
and the University of California at Santa Cruz.

In the UK, Oxford Nanopore would welcome a greater emphasis on government support of cross-sector
collaboration and suggests a review of its support of industry-academia collaborations. For example, Oxford
Nanopore will be exploring research partnerships with UK scientific institutions, whether these are with
existing genomics centres such as the Wellcome Trust Sanger Institute or other institutions that have an interest
in genomic information.

How does the UK compare to other countries and what lessons can be learned?

The UK has traditionally led the world in the science of genetics. For example, Nobel prizes have been
awarded to the team who determined the structure of DNA in 1953 and to Fred Sanger, who in 1975 developed
a process to sequence DNA. Now, the UK Wellcome Trust Sanger Centre analyses more DNA than any other
centre in the world.

The successful development of nanopore DNA sequencing technology would be regarded as an achievement
on a similar scale. It would be used globally, by scientists and ultimately clinicians, to transform genomic
medicine. In an area of science that is keenly followed, particularly in the US, the success of such technology
would enhance the UK’s reputation for excellence in innovation and science. We believe that the potential
international impact and national benefits of genomic technologies necessitate greater cross-sector
cooperation.

In other countries a strategic approach is taken that combines the development of genome analysis technology
and the application of that technology in research. In the USA, for example, the National Institutes of Health
(NIH) and Department of Energy (DoE) together fund more than $1 billion in DNA sequencingv and the NIH
is running a $38 million grant programme to support the development of specific technologies for DNA
sequencingvi.

We suggest that the Government review the support that it plans to oVer academic institutions and emerging
technology companies, towards an overall goal of taking a leadership position globally in the development of
genomic medicine.

Oxford Nanopore is a domestic company with an international focus, which springs from one of the UK’s
most visible and reputable academic institutions, the University of Oxford. The company also has scientific
and commercial relationships with some of the world’s leading universities. We would welcome the
opportunity to extend this partnership approach and to work more closely with Government to meet shared
objectives.

What are the implications of developments in genomic technologies for the NHS?

Former Prime Minister, Tony Blair, said, as far back as 2003, that he was proud of the ground-breaking work
already taking place in our country [in genomic medicine] and that he was determined that the NHS should be
able to respond to these advances so that the benefits of genetics and more personalised medicine and improved
healthcare should be available to all. In fact the NHS, as a universal provider of healthcare, is uniquely placed
globally to maximise the potential benefit of personalised medicine.

Personalised medicine will aim to diagnose a disease early, or even before its appearance. Targeted drug
therapies will aim to improve response rates and reduce adverse event rates. Overall the personalised medicine
paradigm promises to reduce the aggregate cost of healthcare through better prevention, earlier intervention
and improved management of disease.
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Importantly however, such cost savings will be primarily population based and so most readily realised within
a healthcare system that is not fragmented. In contrast to systems that do not oVer universal coverage, such
as that of the United States, the NHS could achieve maximum benefit from this healthcare revolution and
demonstrate to other territories how genomic medicines can oVer both health outcome and economic benefits.

Who is responsible for translation to clinical practice?

Oxford Nanopore would endorse the view of the Human Genetics Commission, as expressed in their
submission to the Review of the Government Genetics White Paper; that the process for the development of
genetics technologies from research laboratories to healthcare practice has been slow and ad hoc.

The UK’s Wellcome Trust charity is at the forefront of influencing and funding research into genomics and
promoting its translation into clinical practice, particularly at the Wellcome Trust Sanger Centre. The Trust
is engaged in the support of new technologies for DNA analysis, basic research into the genome and its
relationship with human health, and public education on genomics. Within government, progress has been
announced in translational medicine but this does not yet have a rigorous, specific remit in genomics.

The Progress Review of the Genetics White Paper, published on 16 April 2008, notes that £70 million has been
invested in the area of genetics since 2001 to “help the NHS make best use of the advances in genetics
knowledge”. A framework has started to develop that will guide the introduction of genetics into the NHS, and
in particular the formation of the National Genetics Education and Development Centre and the UK Genetic
Testing Network are welcome. However, the pace of developments in the area of genomics is likely to
accelerate in coming years and the government will face new challenges in clinical and ethical areas for which
it needs to prepare.

It is essential that the investment in genetics is part of a long-term strategy to support innovation in the field
and not a one-oV event. This view appears to be upheld in the White Paper Progress Review: “Genetics is still
a relatively new area of work, and the review recognises that developments need to be considered over a longer
timeframe, and will require sustained support.” Oxford Nanopore would like to emphasise the importance of
support for the whole process of developments in genomic medicine, from emerging technologies to improve
DNA analysis through to the resulting clinical applications.
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Memorandum by Applied Biosystems

Introduction

“The empires of the future will be empires of the mind”. Winston Churchill

In these turbulent economic times we must recognize the world is not only flat but that it is now also flat broke.
“Bail outs” are Tourna kits and only those nations which deftly reinforce their high growth economic sectors
will ambulate out of these troubled times. As many countries face both poor demographics with rising health
care costs the discussion of the genomics of medicine could not be more relevant.
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Background

My career in Genomics began in 1996 at the Whitehead Institute Center for Genome Research. In 1997 I began
managing the Technology Development Team for the Human Genome Project at the Whitehead Institute/
MIT. I invented several magnetic bead based DNA purification tools which enabled the streamlined
automation of the sequencing process. As I enrolled in a PhD program with Leroy Hood, a race ensued which
I could not sit on the sidelines for. This was a race initiated by Craig Venter and his association with Applied
Biosystems. I deferred my enrollment and gave everything I had to the public genome project to ensure faith
in public science was not destroyed by the media’s misinterpretation of the value of both public and private
projects. After an ulcer and many other sacrifices, the human genome project completed ahead of schedule
and humanity had access to two genomes; one from Celera and one from the Public Centers. Welcome Trust
Funding was critical in the race.

At this point I moved on to found Agencourt Bioscience Corporation, which became the leading private DNA
sequencing center in the world as Celera began to divest from the sequencing business. We became profitable
in our 1st year of business and received over $35 million in NIH grants in 2002–05. We were anointed an
NHGRI genome sequencing facility receiving $27 million in funding starting in 2003 for the investigation of
structural variation in human genomes and the sequencing of 10 fruit fly genomes. In 2005 Beckman Coulter
and Qiagen began negotiating for the acquisition of our business based predominantly their mutual interest
in our magnetic bead based DNA purification technology. Beckman agreed to purchase the company for $140
million. Their prime interest was in coupling our DNA purification tools to their Blood analyzers thus
enabling more aVordable DNA testing. At this time we spun out a division of Agencourt devoted to next
generation sequencing; Agencourt Personal Genomics. This company invented and developed SOLiD
sequencing and was acquired by Applied Biosystems in 2006 for $120 million. Today, several hundred of these
SOLiD sequencers exist in the market place and contribute to the 1,000 genome project. With four of these
sequencers in eight weeks of the summer of 2008, we generated over 250Gb of sequence; more data than existed
in all of Genbank at the time. At the time these sequencers were generating 17Gb of sequence per run and we
see a clean path to 10 fold more sequence per run in the next 18 months.

In summary, my background has been intensely focused on DNA sequencing in the most competitive NIH
funded environments as well as entrepreneurial implications of genomics and private sector DNA sequencing.
I have a balanced perspective of government funded science, entrepreneurial innovation, and multi-billion
dollar public companies required to capitalize on genomic technologies at the interface of diagnostic testing.

Discussion

Ironically, I now work for the very company that drove my ulcerating work ethic in 1998. As I accepted this
business relationship I began to realize that the scars of this public-private genome project race continue to
bleed in the industry. Many colleagues were angered by my decision to sell an NHGRI funded technology to
what they termed “the evil empire” of Applied Biosystems. I bring this history to your attention as I believe
scientists in the UK may still be as challenged with this bias as we witness here in the United States as the
Sanger Centre was a substantial contributor to the Human Genome Project and intimately involved in this
race. The Applied Biosystems/Celera genome race challenged and unfortunately at times insulted my eVorts
and the Sanger Centre eVorts. The Sanger Centre stood strong, accelerated and delivered a stunning genome
for all human kind to view free of restrictions. I was their teammate in this endeavor at the Whitehead Institute
and I still believe these actions will be retrospectively remembered as a historical contribution to mankind.

The Applied Biosystems of 1998 does not exist anymore. Celera has been sold oV. The BOD, CEO, CSO, and
most executive staV no longer work at the company and most of the people responsible for the Celera decisions
now work at Illumina, Helicos and Pacific Biosystems. The Company was recently acquired by Invitrogen and
as of December is now jointly named Life Technologies.

Since the “Pre-Genome” era of 1998, the world has changed and many manufacturers of DNA sequencers now
exist. Any bias against Applied Biosystems may cost the UK competitive positioning in genomics if not
brought to the table. The competition that exists today needs to be capitalistically exploited by the sequencing
centers to get the most competitive price on sequencers.

In the Pre-Genome past, the field of genomics suVered from too few competitive suppliers of DNA sequencing
tools (two at most). This lack of competition led most genome centers to find economies of scale by selecting
a single platform and building highly eYcient production operations around sole sourced sequencers.

Today, market conditions are much diVerent with up to five suppliers of competitive sequencers (AB, Illumina-
Solexa, 454, Danaher, Helicos). This fierce competition is being heavily leveraged in North American and Asia
as most genome center have multi-platform centers (Baylor, Broad, OICR, RIKEN, Genome Institute of
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Singapore). The Sanger Centre has taken a more historical approach and selected a single platform scale up
with Solexa/Illumina.

The platform they have selected was developed locally with many of the scientists at Sanger being intimately
involved in its development. David Bentley, a former PI at the Sanger Centre is now the acting CSO for
Illumina/Solexa. Harold Swerdlow, the former technology development lead at Solexa now works in a similar
capacity at the Sanger Centre. As Richard Durbin pointed out, he was formally on the Solexa Scientific
Advisory Board. We have interactions with many genome centers and few have left this competition as
unexploited as the Sanger Centre.

I think very highly of Richard Durbin and the Sanger Centre scientific team and doubt this bias is the true
reasoning for their decision but often the perception of such a bias can be more damaging than the reality.
Even at Applied Biosystems, we questioned whether we’d get a fair evaluation at the Sanger Centre and thus
prioritized our eVorts at centers, which appeared more neutral.

In summary, I believe my oral comments delivered as evidence properly focused on the dire need for digital
medical records. Although immediate diagnostic use of these records is still years away, their availability will
drastically accelerate research and intellectual property for the nations which properly focus on them. Key to
any countries technological competitiveness in a given field is the requirement to take a global view and avoid
patriotic localisms. Cross border competition should be exploited. This week we witnessed a press release
showcasing the Sanger Centre’s decision to remove five Applied Biosystems SOLiD sequencers from their
laboratory. This is coming on the heels of most other centers buying more of them and may signal to other
technology providers to avoid the Sanger Centre as its unlikely any relationship will be met with truly open
and collaborative spirits given the history with the Sanger Centre and Solexa. At Life Technologies, we not
only see the SOLiD platform expanding to 10 fold more throughput per dollar than what the Sanger Center
experienced with SOLiD 2.0, we have another program in place to deliver 2–5Kb reads from real time single
molecule sequencers. We are not only the largest molecular biology reagent and tool provider, we are the only
provider which has DNA sequencing equipment and research programs which spans capillary electrophoresis,
short read next generation sequencing (SOLiD) to single molecule real time sequencing and our relationship
with your leading genomics institution is distant compared to other competitive countries like the US, Canada,
Japan, Singapore, and China. I can only hope this distance is unburdened by the past history just explained
as I know we can surmount any technological concerns the Sanger Centre may have and our simple presence
in their lab will ensure Illumina is always providing a competitive price.

5 November 2008

Memorandum by the Wellcome Trust Sanger Institute

Introduction

The Wellcome Trust Sanger Institute (WTSI) is pleased to have the opportunity to contribute to the
Committee’s inquiry on genomic medicine.

1. The WTSI is one of the leading academic centres in the world for genomic and genetic research. Funded
by the Wellcome Trust, the WTSI generates and analyses genomic data and provides resources that support
further discoveries in genetic research.

2. The prominent position of the WTSI is based on major investment in state of the art genomics technology
platforms, massive computer resources and funding streams which support an environment for high
throughput research that is not achievable in traditional university settings. WTSI currently has the largest
operational sequencing capacity in the world and is capable of sequencing a human genome sequence per day.

3. The major WTSI platforms of DNA sequencing, genotyping and informatics together with initiatives in
model organism research deliver data for international collaborative research projects in healthcare related
genomics. The Institute played a key role in the International Human Genome Project, taking responsibility
for producing one third of the genome sequence. WTSI investigators have subsequently taken leading
positions in major international projects such as the International Hapmap Consortium, the 1000 genomes
project and the recently launched International Cancer Genome Consortium. The participation of the WTSI
in these international projects has helped provide the scientific community with a comprehensive picture of
the human genome and has generated tools to monitor and analyze genome variations with high accuracy

4. The major research platforms of WTSI are generally employed in large collaborative projects with other
researchers, frequently within the UK research community. For example the Wellcome Trust Case Control
Consortium (WTCCC) was the internationally leading collaboration in 2006–07 to use whole genome
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association to find genes involved in common disease. The WTSI’s presence in the UK helps UK medical
genetics research have a leading international presence.

5. The WTSI has been a leading advocate of open access to data. The Institute supports the delivery of free
annotated genome sequence to hundreds of thousands of users across the globe 24 hours a day, 365 days a year
through online resources such as Ensembl (www.ensembl.org)

6. The current research programme in human genetics at WTSI focuses on large-scale studies of genetic
variation in order to advance our understanding of gene function in health and disease. In this regard, the
Institute has made several major discoveries ranging from the identification of cancer causing sequence
changes to description of the patterns of copy number and structural variation in the human genome.

Key Messages of WTSI

7. There has been a dramatic increase in the capacity to collect genetic and genomic data in recent years. Our
ability to understand basic human biology has been transformed via the high throughput data production
platforms developed in collaborations between academia and industry, which have been deployed in academia
on a large scale. This has resulted in the rapid advancement of genomic research and in major breakthroughs
in our understanding of the biology behind human health and diseases. We are beginning to see the application
of genomic technologies in health care. This will only increase. The further development of understanding and
applications will play a major part in future healthcare.

8. We are seeing now a remarkable wave of discovery of new genetic variants that predispose to disease.
However it is likely to take several years for our understanding of the disease risks associated with these
variants to be clarified, for our understanding of how to use them in clinical disease management to mature,
and for intervention strategies that might be implemented on the basis of their identification to be developed.

9. UK scientists are world leaders in genetics and genomics research. Within Europe the UK is the leading
country in basic and applied genomic research. Europe and the UK are in a unique competitive position to
translate this position into novel diagnostic and treatment strategies for many public health problems. If this
unique position is properly exploited with strategic vision and targeted funding decisions, the UK can play a
key role in the implementation of the basic innovations derived from genomics within biology based medicine
and could participate in some of the commercial developments.

10. To deliver on the opportunities will require strategic vision and sustained investment. This type of research
depends on large series of individuals being subjected to genetic analyses as part of research protocols, with
the genetic information generated being associated with extensive phenotypic information. The research
framework and infrastructure underpinning this type of research requires sustained support and expansion at
both national and European levels.

11. There will need to be ongoing oversight of the requirement for regulation in this area. DNA analysis
technologies are advancing very quickly. These technologies potentially will allow members of the public to
access information on essentially all their sequence variation, often without direct medical supervision or
advice. This will almost certainly generate questions from the public as to the significance of the results with
respect to disease risk, and potentially other implications, for example insurance status. This new wave of
individual-based genetic information is likely to generate a new and substantial demand on clinical services.
Consideration of the regulation of genetic typing services based on these new technologies and the health
service response to them may be required. However there are issues of practicality (information may be
available via the internet from anywhere in the world), and individual freedom to access ones own personal
information.

Research and Scientific Development

Questions

What is the state of the science? What new developments are there? What is the rate of change?

Who is taking the lead in the consideration and co-ordination of research and the development of new
technologies?

How eVective is the policy and investment framework in supporting research in this area?

How does research in the UK compare internationally? How much collaboration is there?

What are the current research priorities?

What is the role of industry? How much cross-sector collaboration takes place?



Processed: 29-06-2009 20:54:31 Page Layout: LOENEW [O] PPSysB Job: 418432 Unit: PAG4

329genomic medicine: evidence

State of the science

12. Most of the germline single nucleotide variation in the human genome that is common in human
populations has already been identified. The “1000 genomes” project (www.1000genomes.org) now aims to
identify the remaining common and much of the moderately rare single nucleotide variation in the human
genome. Through the combined eVorts of major international genome centres, a comprehensive catalogue of
this type of human genome variation from diVerent global populations will be generated. Alongside this
initiative are ongoing major programmes at WTSI and elsewhere to provide more complete catalogues of
germline copy number and structural variation in the human genome in several populations. The WTSI
Cancer Genome Project and the forthcoming International Cancer Genome Consortium will provide similar
types of information for somatically acquired variation across the broad range of human cancers. These
studies will therefore generate much more complete catalogues of human sequence variation, empowering the
scientific community to collect information regarding the phenotypic significance of these genetic variants in
health and disease.

13. Understanding of the role of human genome variation in health and disease is progressing very rapidly.
We know that most common diseases in the UK have a substantial genetic component. However, for most
common human diseases only a small proportion of disease susceptibility has been explained in terms of
identified disease-causing variants. A wave of association studies using large numbers of cases and controls,
studying both single nucleotide variation and copy number/structural variation and directed at diverse disease
phenotypes over the next few years will undoubtedly explain much more of the genetic basis of many common
diseases. Currently, however, we understand the phenotypic consequences (ie the end eVect on people) of only
a tiny proportion of human genome sequence variants. Large scale and ultimately complete resequencing of
human genomes in large numbers of individuals will likely contribute to this discovery process; this is only a
few years away.

14. Genetic testing is already part of routine clinical practice worldwide. Currently, such tests are usually
conducted under medical supervision and in individual cases are directed at a small number of genes that are
responsible for a specific disease which is often rare. In these circumstances the disease-causing mutation is
often rare in the population and causes a greatly elevated risk of the disease. However, the recent wave of
discoveries in human disease genetics has focused primarily on common diseases with the newly discovered
disease-associated variants also being common and imparting only a small increased disease risk. Our current
knowledge of the characteristics of the risks conferred by the latter class of variants is rudimentary and our
experience of the usage of this class of disease-causing genetic variant in clinical practice is for now very
limited.

15. Rapidly advancing technology, however, will allow low cost analyses of many/all variants of individual
genomes in the not so distant future, and will therefore transform our concept of diagnostic and predictive
tests in health care. Genetic testing for predisposition to many traits and diseases will become possible. Many
of these will be for variants that are common and confer a small increased risk of disease. For some diseases/
variants it will be possible to intervene at an early stage with clinical management strategies that favour a better
outcome. For others, however, this may not be possible for the foreseeable future. Thus information may be
provided by tests that have no direct clinical impact. Such tests are likely to be accessible directly by the public
without medical supervision or advice. Diagnostic companies are already oVering services for genetic risk
prediction via the internet. Although such tests are generally not strongly informative currently, the level of
public interest is potentially high. It is likely that the services oVered and results provided to individuals will
not fulfil the basic criteria of evidence based medicine, and there is a risk of exploitation. Increasing numbers of
test providers will present a huge challenge for interpretation, guidance and counselling. Although the genetic
information will remain essentially the same throughout an individual’s lifetime, its interpretation will change
over time as the science advances. Furthermore, the relevance of the genetic information will also be diVerent
depending on the age of an individual.

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

16. There is considerably more coordination of this area of research both in the UK, by Wellcome Trust and
other funding bodies, and in the USA by NIH, than is the case generally in biomedical research. With respect
to development of new technologies there is less coordination, although one example might be that the US
National Human Genome Research Institute are fostering a technology drive to achieve the $1000 genome
sequence. On the other hand, it is not clear that more coordination would be beneficial in this context and the
main technology drive will probably continue to originate primarily from industry. Much of the industry
activity and funding is in the USA, although there have been some very notable recent UK successes (eg
Cambridge University spinout Solexa Ltd, now owned by Illumina Inc of San Diego).
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17. The genome sequence is essentially information, and collation, organisation and presentation of
information is central. Support for such genome and genetics based databases is therefore important. The
leading centres for this are at NCBI in Washington DC, and at Hinxton in the UK (the site of WTSI and the
European Bioinformatics Institute, EBI). The European Union, EMBL and the Wellcome Trust support the
Hinxton activities. Ensembl, maintained by WTSI and EBI, is a leading example that is now routinely used
by researchers and clinicians in the field. In the context of human genetic disease, the DECIPHER project at
WTSI is coordinating genomic data collected from samples worldwide both in research and diagnostic
contexts. Similarly, the COSMIC database at WTSI organises and presents information on cancer associated
somatic mutations.

How effective is the policy and investment framework in supporting research in this area?

18. The Wellcome Trust has a strong policy and investment record in this area that is well respected by
scientists, fostering genomics and genetics research both at WTSI and elsewhere in UK biomedical science.
These eVorts have provided major data resources for genomic and genetic scientists, including the Human
Genome Sequence, Hapmap, the Cancer Genome project, descriptions of copy number variation, Wellcome
Trust Case Control Consortium datasets and databases such as Ensembl. The UK government has provided
strong moral and philosophical support, and through the MRC has historically supported genomics and
medical genetics strongly. However, for the last few years it has not been able to match the scale of Wellcome
Trust support for genomics, and it does not appear to have a well articulated and coordinated strategy in this
area of research. Similarly, despite a significant number of short-term individual initiatives, there has an
apparent lack of large scale strategic vision and infrastructure support at the European level.

How does research in the UK compare internationally? How much collaboration is there?

19. The strong history and track record in genetics and in epidemiological research makes the UK a world
leader in both basic and disease-related genomics research which is relevant for public health. The WTCCC
provides one remarkable and recent example of this leadership. International collaboration in genomics
research is a strong and enduring theme and the UK has often held a leading position in major international
collaborative initiatives.

20. These include:

(a) The Human Genome Project, of which one third was generated at WTSI.

(b) The International HapMap Project which characterises common variation of human genome.

(c) The Genome Structural Variation Consortium, which characterises copy-number and structural
variations across the human genome.

(d) ENCODE (Encyclopaedia of DNA elements), an international initiative funded by the US National
Institutes of Health characterizing functional elements in the human genome.

(e) The 1,000 Genomes Project, an international initiative aiming to sequence the genomes of 1,000
individuals from diVerent populations.

(f) The International Cancer Genome Project which aims to systematically scan the cancer genome to
identify somatically mutated cancer genes, in which the WTSI Cancer Genome Project has played a
leading role.

21. The data resources produced by these international projects are provided under an open access policy to
the scientific community and have dramatically expedited the progress of health related genome research
around the world. This international leadership creates significant potential both for UK research and health
care applications internationally.

22. Alongside these genomic studies, there are many UK case collections and cohorts that are being exploited
for genetic analysis, including the 1958 birth cohort, EPIC, ALSPAC and others. Increasingly these are
collaborating with each other and with other European and international collections, to give the numbers of
aVected individuals necessary for adequate statistical power for modern association genetics.

23. By its nature, scientific research cannot and should not be centrally dictated or coordinated. However,
coordination by funders has clearly been highly eVective and helpful in the context of genomic and genetics
research when the strategic imperatives of major funding agencies have been configured by close consultation
with the scientific community. Many large scale genomics projects have followed this pattern from the Human
Genome Project itself 15 years ago to the WTCCC more recently.



Processed: 29-06-2009 20:54:31 Page Layout: LOENEW [O] PPSysB Job: 418432 Unit: PAG4

331genomic medicine: evidence

24. The UK should take a more active leadership role in many European operations, especially in projects
related to the development of European Research Infrastructures relevant for life sciences and health care
related research. These include biobanking related activities (BBMRI), clinical and translational activities
(EATRIS) and infrastructure for biological information (ELIXIR). These are all projects identified as
priorities in the 2006 European Roadmap developed by the European Strategy Forum on Research
Infrastructures (ESFRI). Given the very rapid growth in data generation from new technology platforms,
adequate support for infrastructure to store and distribute biological information in Europe is particularly
important. If not addressed, the European research community will be disadvantaged, making it more likely
that European data will be integrated in the USA and that discoveries and applications will be developed there.
Strategic developments in the future should increasingly involve partnerships with Asian centres (such as
genome centres in Singapore, China and India). Increased strategic alliances with major European centres
could also be highly beneficial, especially in the field of analyzing biobanks. Sample and sample-related data
resources within industry, such as those held by GlaxoSmithKline and DECODE would also be valuable to
the scientific research community if ways could be found to share them.

What are the current research priorities?

25. We identify the following immediate priorities:

(a) Identification of more of the sequence variation, particularly including a higher proportion of the
rarer variants, that is present in human populations. This will, at least in part, be achieved through
the activities of the international “1000 genomes” project.

(b) For a broad range of human diseases, identification of a much larger proportion of the disease-
associated variants, and hence obtaining a more complete picture of the overall genetic structure of
disease susceptibility. This aim will be achieved initially by further association studies, both in
diseases not yet studied and larger association studies in those diseases for which studies have been
carried out (together with combining already conducted association studies). Subsequently,
resequencing of all or large sectors of the genome in substantial numbers of disease cases and controls
may become the preferred strategy for variants of lesser eVect.

(c) Detailed study of the risks of disease-associated variants in large population cohorts and large
clinical study sample collections. This will provide a more comprehensive picture of the role of
genetic variation and its relationship to our lifestyle and environment, and is necessary to convert
our increasing knowledge of the genetic contribution to disease into public health improvements.
This would require a national cohort policy as well as suYcient funding to analyze the wealth of data
in population cohorts. A proper structure should be established to guarantee broad access to
population cohort data to all investigators. The UK Biobank will produce an excellent data set for
future generations of scientists interested in the genetics of common health problems. However, this
will take substantial time to establish, and should not exclude other (including legacy) biobank
initiatives within the UK. Genetic analyses of prospective cohorts are essential to the translation of
genetic information to public health actions. Multiple cohorts are required to cover a range of
diseases and their collection should be of the highest priority at the national level. A full evaluation
of legacy cohorts and biobanks should be undertaken and those exhibiting the best potential for new
information collection should be suYciently supported. Such an evaluation could form the basis for
a national cohort policy. The UK could substantially increase it’s visibility in this area by taking
collective action at the EU level and by supporting the necessary UK infrastructure.

What is the role of industry? How much cross-sector collaboration takes place?

26. There are two ways that industry and academia can collaborate. First, academia provides leads and
expertise from new research for the development of new therapies and technologies. Some of this is by direct
consultancy and technology transfer, and some from public information arising from academic research.
Second, industry generates information that can be very valuable for research purposes.

27. The massive data collection from tens of thousands of samples has proven to be highly successful for gene
and pathway identification behind common health problems. Such basic association studies and new findings
should encourage industry and academia to join forces in the early stages of research. Based on its
international stature in genetic and epidemiological research, the UK could be in the leading position of
research eVorts aiming to understand the genetic basis of both favourable and adverse responses to various
medications. Such data from numerous clinical trials could be collected in a co-ordinated manner in NHS
hospitals. The ongoing development of the NHS electronic care records service (NHS CRS) and work being
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done within the Research Capability Programme of NHS Connecting for health (CfH) should help facilitate
this. Again, a national strategy with well structured and integrated cataloguing and tracking would be
extremely useful and expedite phase 2 and phase 3 clinical trials in drug development.

28. Cross talk between scientists and pharmaceutical industries could be improved and increasing these
interactions should be encouraged. For example, making Phase 2 and Phase 3 clinical trial data available to
scientists (including negative results) would have the potential for expanding our understanding of the impact
of genetic variants in drug response and in molecular pathogenesis of diseases more generally.

29. An important area of genome research is the genetics of infectious diseases. Combined information from
pathogen genomes and the human genome will transform our understanding of pathogen host interactions.
This new understanding provides new potential for diagnostics, vaccination and therapeutics of infectious
diseases.

Data Use and Interpretation

Questions

Is genomic information published, annotated and presented in a useful way? Should there be a common, public
database? If so, who should fund, and have responsibility for, such an initiative?

Who should provide the framework for optimal evaluation of data and translational opportunities? What policy
and funding mechanisms are in place for recognising and utilising potential opportunities?

Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How
should genomic data be brought together with other health information?

What are the implications of the generation and storage of genome data on personal data security and privacy,
and on its potential use or abuse in employment and insurance? How should these be addressed?

Is genomic information published, annotated and presented in a useful way? Should there be a common, public
database? If so, who should fund, and have responsibility for, such an initiative?

30. Data resulting from genomic research is generally published, annotated and presented in a useful way, in
common public databases. The Human Genome Project set a new paradigm for sharing research data within
the life sciences. Sequence was placed in the public domain essentially as soon as it was produced in order that
it would be freely available to all without restriction. This Open Access policy has resulted in substantial
advancement of genomic research worldwide. Examples are the Ensembl database, a joint project of WTSI
and EBI, and Cosmic.

31. These public archives are funded by government or charities. Public funding is necessary because these
archives are an infrastructure resource for researchers. Much experience has led to a broad recognition that
there is no eVective mechanism for users to pay without hindering access and downstream usability of the data.
These public data resources are the way that investment in genomic research is realised. Promotion and
planning of data sharing policies for major genomics initiatives is a critical task for all major funding agencies,
and should be systematically associated with their funding decisions. Coordination of sustained data resource
funding is clearly important, and should be promoted at the national, European and International scales
commensurate with the requirements from the new generation of genomics and genetics projects.

32. The new genomic medical data contains information on private individuals, and it is necessary to
safeguard patient confidentiality, by working within appropriate ethical frameworks. Mechanisms for
ensuring this ethical security are being established, while allowing maximal use of research data.

What policy and funding mechanisms are in place for recognising and utilising potential opportunities?

33. The UK is in an excellent position to make strategic investments for our future health care system. Such an
investment could be compared to the investment made via the MRC in the Human Genome Mapping Project
(HGMP) in the 1990’s. This followed from an OST report, and funded research programmes and the HGMP
Resource Centre. This helped set in place the UK’s leadership position in Europe in human genetics. We are
at a similar point now in the development of genomic medicine.
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Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How should
genomic data be brought together with other health information?

34. Currently, the additional medical information that is coupled with genomic data in medical genetics
studies is collected in separate research databases, specific to each investigator and project. There is potential
for using the standard clinical record beyond the limited set of notifiable events that can currently be tracked,
for example via the planned Research Capability Programme of NHS. However there are concerns about the
consistency and quality of the information for research purposes.

35. The provision of genomic information in a format suitable for use by clinicians or health care providers
is not well advanced. There will be a substantial need for resources to present information in a format suitable
to support clinicians in their decision making. One example of an existing project at WTSI is the DECIPHER
(Database of Chromosomal Imbalance and Phenotype in Humans using Ensembl Resources) which uses
genomic array technologies to identify chromosome abnormalities in children with developmental defects and
provides this information linked with clinical information about the chromosomal abnormality present.
Support for such national and international data transfer systems will be of critical importance for translation
of genomic data for public health benefit.

36. There should be planning now for how to store genetic and genomic information as part of each patient’s
clinical record.

What are the implications of the generation and storage of genome data on personal data security and privacy, and on
its potential use or abuse in employment and insurance?

37. In principle, genomic data and/or phenotype data can be used to identify individuals by matching and
comparing datasets from two sources. This could potentially lead to a breach of personal privacy. A balance
has to be drawn in both the research context and in clinical practice between, on the one hand maximising
benefit to patients by not imposing highly burdensome bureaucratic structures that aim to prevent
unsanctioned identification, and on the other protecting the privacy of individuals. Current practice for
protection of privacy is aware of these issues, and appears to be working satisfactorily in the research context.
There should, however, be a clear statement from government, supported by criminal legislation, prohibiting
the identification of individuals through matching genomic or other data, without consent.

38. The UK Biobank initiative has set a gold standard for ethical principles and guidelines concerning the large
population studies. Again international harmonization would be valuable. The Public Population Project in
Genomics (P3G) consortium aims to promote scientific interoperability and harmonization of regulatory
frameworks between major cohort studies.

Translation

What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

Who is responsible for translation to clinical practice?

Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

How does the UK compare to other countries and what lessons can be learnt?

How meaningful are genetic tests which use genome variation data? What progress has been made in the
regulation of such tests?

39. Genomics research oVers considerable potential for the development of new classifications and
diagnostics for many diseases.

(a) In the immediate future, comprehensive diagnostics for most monogenic diseases will be provided
but their eYcient use within a health care system will require further development of clinical
diagnostic laboratories and specialised training of clinicians and health care providers.

(b) In the longer term, the recent development of genetic profiles of common variants will provide the
basis for predictive testing for susceptibility to late onset common diseases. Here the demand for
adequate education, training and counselling of health care providers, test providers and the public
is substantial. This will include science driven cataloguing eVorts as described above, websites, and
training programs for clinicians and health care providers.
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(c) It is also foreseeable that there will be a gradual emergence of pharmacogenetic tests which could
produce significant benefits both for patients and the health service with better targeted medication
and minimized adverse events.

40. The NHS is responsible for training clinicians and health care providers in the use of genetic tests for
health care. The requirement will be substantial and will require a national strategy and funding of the
infrastructure.

41. There is also a longer term potential to develop new therapeutics and prevention strategies. Here the close
interaction between researchers and the pharmaceutical and biotechnology sector is important in progressing
the commercial development of new healthcare products and technologies.

Biomarkers and Epidemiology

In what way do genome-wide association studies contribute to the identification of biomarkers? How is the study
of genetic factors and biomarkers integrated for translational purposes?

What impact will genomic data have on data emerging from projects such as UK Biobank, Generation Scotland
and other biobanks?

42. There is a potential for strong synergy between the use of biomarkers and genetic information. Biomarker
assays are being incorporated in genome-wide association studies.

43. The availability of genomic data and data that will emerge from biobanks will provide a very powerful
tool for researchers studying various environmental and genetic factors at play in complex diseases. The UK
is uniquely positioned to exploit the data emerging from such population cohorts and biobanks and in its
ability to access patient data from the NHS to inform such studies. Again, close European and international
collaboration is required to create the best datasets and to provide solid scientific evidence of the applicability
of this new information in health care system.

Use of Genomic Information in a Healthcare Setting

What impact will genomic information have on the classification of disease? How will it aVect disease aetiology
and diagnostic labels?

How useful will genomic information be as part of individualised medical advice? What provisions are there for
ensuring that the individual will be able to understand and manage genomic information, uncertainty and risk?

Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

What are the implications of developments in genomic technologies for the training of medical specialists and
other health professionals? Are there any gaps that need addressing? What is the assessment and planning for
future needs in capacity?

44. Our knowledge of underlying genetic factors and disturbed biological pathways will contribute to an
improved, more biology-based, diagnostic classification of diseases. It is likely that this will ultimately enable
better treatment and preventive strategies.

45. A national strategy for informing, counselling and educating health care providers and the public needs
to be designed. The underlying scientific information is just emerging, and many findings need to be verified
and tested. There are special concerns in the situation where information can be provided but no eVective
clinical intervention exists yet.

28 April 2008

Examination of Witnesses

Witnesses: Dr Geoff Smith, Senior Director, Illumina, Mr Clive Brown, Director of Informatics and IT,
Oxford Nanopore Technologies, Mr Kevin McKernan, Senior Director of Scientific Operations, Applied
Biosystems, and Dr Richard Durbin, Principal Investigator, Wellcome Trust Sanger Institute, examined.

Q659 Chairman: Good morning to all of you and
welcome to those who are going to give evidence and,
also, members of the public at the back. For members
of the public there will be papers at the back giving
you information about the declared interests of the
Members of the Committee, so we do not have to

record it again. Thank you, gentlemen, for coming to
give evidence to this inquiry. We value your time and
your input. If any of you has an initial statement to
make, please do so, and then we will proceed with the
questions. Each Member of the Committee will ask a
question in turn. We are being broadcast, so any
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5 November 2008 Dr Geoff Smith, Mr Clive Brown,
Mr Kevin McKernan and Dr Richard Durbin

other conversation please keep light, otherwise it will
be picked up on the microphones and broadcast. Can
I invite any of you to make an opening statement?
Dr Durbin: Is it worthwhile introducing ourselves?

Q660 Chairman: I was going to say: when you are
answering a question for the first time please
introduce yourself so we record you. After that you
do not have to do it again. If you feel happier
introducing yourself now, please do so.
Dr Durbin: I am Richard Durbin. I have been at the
Wellcome Trust Sanger Institute since it started and I
have been involved in the human genome project and
subsequent work. Since the start of last year I have
led, both at the Institute and internationally, the
1,000 genome project, and the aim of that is to use
next generation sequencing technology to take a
much more detailed view of human genetic variation
than previously. The Sanger Institute has been the
driver for rapid discovery and exploitation of
genomic information through focused and
internationally formulated large-scale projects, and
through open release and presentation of the data
and resulting information. We believe that there will
be strong potential over the next ten years for
genomic technology to have an impact on health
provision, but this will require further discovery,
translation of that information, technology for
clinical use and training of clinicians in the use of
the data.

Q661 Chairman: Thank you very much. Would
anybody else like to make any comment?
Mr McKernan: I am Kevin McKernan, I have also
been involved in the human genome project on the
other side of the Pond. I spent about four years
running the technology development group at MIT
for what is now the Broad Institute and for Eric
Lander, and have also been involved in some
entrepreneurial work in the United States where we
have founded several start-up companies focusing on
next generation sequencing. So I am excited to be
here. I also see this as a prime time for applying
genomics to health.
Mr Brown: I am Clive Brown. Thank you for inviting
us to come along. I am very lucky I have two former
colleagues with me here today, one is Richard and one
is GeoV, here. I also worked on the human genome,
back in the old days, with Richard and, also, I
worked with GeoV at Solexa, which is a Cambridge
University spin-out that has developed the current
market-leader in next generation sequencing. I
worked for Richard again at the Sanger Centre,
building the Sanger Centre’s next generation
pipeline, which has been the largest contributor to the
1,000 genomes project. Now I am at a company
called Oxford Nanopore Technologies. We are

developing the next generation of DNA
sequencing—so an obsession with DNA sequencing
for the last 10 or 15 years.
Dr Smith: I am GeoV Smith. As Clive says, I used to
work at Solexa, now part of Iluminia. I joined about
six years ago and have worked primarily on the
sequencing chemistry and have seen the technology
that was spun-out from a Cambridge University
development into the leading next generation DNA
sequencing platform.

Q662 Chairman: Thank you. After that
introduction, what are the latest advances in DNA
sequencing technology? How do you think these
advances have aVected UK science? What do you
think is likely to happen over the next three, five or
ten years, in terms of sequencing?
Mr McKernan: I can pitch in there. I am sure
everyone will have their own perspective on this, but
at Applied Biosystems we can see that within the next
year or so you will be able to sequence a genome at
approximately ten-fold redundancy for around
$10,000. Getting this price down to $1,000 is
probably only one—maybe two, three—years away. I
think you will see a very rapid advance in the next
year to around $2-5,000 dollars on that price point,
and that is probably the more interesting number.
Once you get below $2,500 you start running into
other forms of overhead, such as how you are
acquiring the sample and whether there is a
phlebotonist involved, genetic counsellor involved.
The economic point at which this thing starts to really
hit healthcare, I think, is probably a little bit higher
than $1,000, and it is probably only a year or two
away. If you want it.
Mr Brown: I would agree with a lot of what Kevin
says. I think the UK has actually been right at the
front of sequencing, really from the days of Sanger
onwards. In fact, the uptake of these technologies in
the UK has been amongst the highest and probably,
per head of scientist, on the number of machines sold
and the amount of data generated, is more than any
other country, I would guess. Again, it is partly
because we have institutes like the Sanger Centre and
it is partly because we are spinning out companies
from our universities to generate these technologies
in the UK. On Kevin’s theme, I also think we will be
at the critical price point within about two to two-
and-a-half years. I think the rate of acceleration of
this technology is far steeper than anything I have
seen previously. Having worked on microarrays and
having worked on Proteomics, it is the rate of
advancement that is quite terrific here—the rate of
change. So I think we are going to see the current
platforms, with all due respect to my colleagues, will
probably have a relatively short lifespan—maybe
three or four years—and I think they will be
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superseded very rapidly by further generations based
on new molecular biology and new sensing devices.
All of us are working on those next technologies as
well, internally, and having been on the developer
side and on the user side there is an almost insatiable
hunger for sequencing to get that level of
performance, having been relatively stagnant since
about 2002. So it really is catalysing a massive
number of publications as well. If you look at the
number of Nature publications particularly or
generally in the past year, I think, it really is the
hottest area, and in the early days of microarrays, if
I remember, it was like that. What is a bit diVerent
about sequencing is that it is addressing a very large
number of fairly disparate experimental types, from
genomes through to counting things. It is not a
straightforward, single measurement assay; it is a
very broadly applicable technology. So it is really
quite exciting, and the UK is actually right at the
forefront there, both academically and in industrial
terms. I would like to make that point quite clear.
Dr Durbin: I think the companies are very
optimistic—and that is good. In the last few years
there has been a 100-fold decrease in cost and increase
in throughput, which is quite remarkable. I do
envision another, at least, one order of magnitude to
two orders of magnitude, which will take us down
towards the $1,000 price that has been mentioned,
certainly within the five-year timeframe, maybe
faster. It is good to be optimistic. I agree that we have
a strong track record in this country, for multiple
reasons. Sequencing can be used for many diVerent
purposes. The primary focus here, I think, is in
human genetics and it is also going to have impact in
other research areas. There are some strategic
investments and initiatives needed to support that, at
diVerent levels: nationally and, also, within
departments and by individuals. So we are in the
middle of an interesting time.

Q663 Chairman: Are there likely to be developments
in sequencing technology?
Dr Durbin: Yes, I expect so.

Q664 Chairman: Will these come faster?
Dr Durbin: I was surprised by the success of some of
the methods that have been produced. I was actually
an adviser at one point to Solexa, but I am no longer.
As we have heard, there are new ideas and there is
significant investment in those ideas. It is clear that
there is a market for them. There are challenges but
the track record is that those can be overcome, so
without knowing exactly what will win out and work
I expect there will be new technical solutions, and
those are already being pursued by companies which
are represented here, and others which are not.

Q665 Chairman: Is funding new sequencing
technology a problem? It is an open question.
Mr McKernan: I think we are finding that where the
investment is most needed is on the informatics end
of things. At the moment, we are seeing the
sequencers double in the rate at which they can
acquire sequencing almost every quarter, and that
has been sustaining, I think, for probably the last
eight quarters, and it is not just happening at
Applied, it is happening at Illumina; it is happening
in very competitive environments. So that
competition is likely to continue to drive that growth
rate, analogous to the semi-conductor industry,
where the doubling rate is around every 18 months—
this is actually an explosive field. The challenge this
creates is interpreting the information. I think you are
going to see the cost of this genome come down, but
I think Richard is actually wisely spreading some
concern because it is not the rate at which you
sequence DNA, it is the rate at which you can
actually interpret it, and that is not keeping pace. I
would advocate for more of the research funding to
go in those directions, because traditionally we have
funded DNA sequencing at the level where 10 per
cent of a given budget would go toward informatics.
We are finding today that those costs are now almost
even: half of the cost is sequencing and half of it is the
analysis, might invert itself in a year or two where
there is more cost in analysing this than there is in
actually generating the data.
Dr Smith: We would agree with that, too. I think the
competition and the size of the market, drives the
rapid technology improvement from within the
companies, as Kevin says. So, we would agree with
that analysis of how fast things are developing. It is
worth saying that if we want to make sequencing
available to not just the large centres, then we also
need to think about how we can support smaller
groups both in handling, the analysis and the
interpretation of the vast amount of data that they
will be generating as well. One of your questions in
the pre-read, regarded the dissemination of DNA
sequencing from core centres, and I think there are
reasons to try to disseminate DNA sequencing, but
that then means that those skills, expertise and
infrastructure need to be brought down to the level of
individual labs and individual centres, not just
residing in the large genome centres.

Q666 Chairman: As companies, who do you provide
this information to? Who are your customers?
Mr Brown: It is anybody who wants to sequence
DNA—it is academia and it is large institutes. I think
the current technologies are limited, for reasons we
discussed. Laboratories have quite a good capability
in terms of informatics and molecular biology. I think
what everybody wants to do is to make these
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technologies available more broadly to more
ordinary lab users, where one or two people can
actually do the experiments and analyse the data. As
my colleagues have said, they are not quite at that
stage yet. I have been surprised by the broad uptake
of the current sequencers, given their relatively high
overheads in terms of operation. I think the
technologies are supplanting arrays; I think they are
being used for new applications that people could not
do before, and I think they are being used not just for
things like large-scale human genome sequencing. So,
basically, anybody with an interest in DNA will buy
these technologies.
Mr McKernan: We are seeing that 75 per cent—in
some places 90 per cent—of the sales of these
sequencers are outside of these traditional genome
centres, if that gives you some perspective.

Q667 Lord Winston: I am sorry—outside the
traditional—
Mr McKernan: Outside the traditional genome
centres. What a company might classify as a large,
centralised sequencing facility. We are seeing 75 per
cent of our sales actually outside that arena and going
into smaller labs where people might utilise this for
not just sequencing humans but, perhaps,
sequencing—there are examples of sequencing
chromatin IP which is a diVerent way of looking at
proteins and DNA. People are using it as a
measurement device.
Dr Durbin: There are about a dozen large centres
around the world—and maybe a second tier.

Q668 Chairman: How many in the UK?
Dr Durbin: We have one of the top handful—three or
four—which is the Sanger Institute. There are other
centres, such as the Oxford Centre for Human
Genetics, which are strong in this area and have
relevant expertise. There are also resource providers
within university settings. I actually see the majority
of the use of this new technology will be dispersed. I
do not think it is true that the role of the large centres
will disappear—there will still be very large projects
which are using a large amount of capacity. You said
75 per cent. I have heard the value of two-thirds of
current sales being one-by-one to people and
departments, and they are used for many diVerent
purposes. My background is in informatics in the
handling of data. I have a degree in mathematics and
a PhD in genetics, and I also spent 15 years as the
Head of Informatics at Sanger. It is not a coincidence
that I have ended up responsible for this area.
Handling of the data is non-trivial, more methods
need developing and expertise needs developing and
I think there will be a training component as well.

Q669 Chairman: Where does the funding come
from?
Dr Durbin: The funding for the scientific research,
primarily, comes from—in the UK we are fortunate
to have the Wellcome Trust and from government.
Those are the two main sources. Other charities as
well, such as CRUK. So it is charitable and
government funding for research. I would guess that
is the main source of funding for the purchase of
sequencing technology, at the moment. There is some
use by industry.

Q670 Chairman: Presumably, industry gets its
money from the private sector.
Dr Durbin: Yes.

Q671 Chairman: We are told that the scientists in the
UK, in genetics and genomics, are leaders in the field
in the world. Is that a true statement?
Dr Durbin: I believe so, yes.
Mr Brown: I think so, too.
Mr McKernan: Being an American, I would agree.

Q672 Chairman: Is this because you all work in the
UK? What would be required to keep us in the lead?
Dr Durbin: I see there being four components to this.
One is history and people, which go together. The
UK has been involved and interested in the science of
genetics since the beginning of the last century, and
involved in determining DNA structure and
discovering and developing methods for sequencing.
So there is strong training and strong people joining
the field. Second is funding. We have been fortunate
to have good funding in this area of science, and
partly that is the Wellcome Trust increasing its
expenditure at a time when genomics was arriving.
They have strategically given strong support. The
Government has been important, particularly the
MRC in the early part of the 1990s and the human
genome project. The third is infrastructure. We have
been prepared to use that funding for large-scale
eVorts, both at large-scale centres like the Sanger
Institute and large-scale projects in human genetics.
So there has been a commitment to targeted use of
resource by the funding bodies. The fourth, which is
important and is going to be increasingly important,
is access to people who are prepared to be subjects,
and the organisational structure for collecting that
through epidemiology. There is also a strong history
of epidemiology in the UK; we have cohorts of
people and people working in medical epidemiology
through the NHS system, and medical schools have
been able to collect groups of people with particular
traits. That investment in all those four areas is
important, I think. Looking forward, as we try and
connect the genetic information to health planning
and validating approaches, it is going to be very
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important to have that infrastructure of people—
those cohorts of people.
Mr McKernan: I second that. I would particularly
emphasise Richard’s last point. In the States we have
been a bit behind in actually getting digital medical
records. One thing that the UK has been advanced on
is they have gone through that eVort of starting to get
digital medical records. That is going to be
increasingly important as we are able to sequence
thousands and thousands of people.

Q673 Chairman: You are a greater believer in it than
we are, I must say!
Mr McKernan: Wherever it lies, it is going to be
important going forward. If we want to be able to
control the cost of health care with the demographics
going on we are going to need to be able to tie genetic
information to predictability of drug response, and
the best way to do that is through digital medical
records. There is going to have to be some careful
thought on how do we keep this anonymous and how
do we analyse it so we can tie it back to the patient,
but given that a nation can do that they are going to
have the best leverage in controlling the costs of
medical care.
Dr Smith: I think the UK has got a strong history of
being able to do this and, basically, drive the
collaboration between the clinicians and the
technologists to actually do some very meaningful
studies in medicine. To answer the question of how
do we maintain that position, it is basically to help
strengthen the foundation that is already there.

Q674 Lord Taverne: The 1,000 genomes project will
reveal the genome sequence of 1,000 people using
“next generation” sequencing. What do you see as
the major benefits of this type of project? We have
heard quite a lot of evidence that we may find more
predisposition genes, but the eVect may be somewhat
limited because it could have a big impact on a very
small cohort with rare diseases but very limited
impact on the large cohorts with common diseases.
What do you see as the development of the benefits?
Dr Durbin: The 1,000 genomes project follows in a
direct line, really, from the human genome
sequencing project. There was an intermediate
project called the HapMap project, which presented
the first level picture of human genetic variation.
Really what these are doing, they are producing a
publicly available information resource on which
other human genetics research can be built. So the
main product is like a detailed map, which is able to
provide an information resource on which genetic
studies can be done. This project in itself is not going
to identify disease genes; the basic output will be that
we will identify, in any new version of the genome, 99
per cent of the variants—places where the variation

might be present will have been identified. Then, by
having that catalogue and associated information,
we can design further experiments, and those include
medical genetic experiments and include the sort that
you have been describing. People make progress in
science and discover that there is more to do. They
realise that you would be able to start finding these
common disease variants; it is a great triumph of the
last few years that that has happened. There is
disappointment that we do not seem to account for a
very large fraction of the genetic variability so far.
There are some ideas about what we will be able to do
in the next step that might account for more and
explain this understanding better. I think we are
confident in the field that, given the advancing
technology, we are making progress in understanding
the landscape. There is a misconception being
presented or created that this will be predictive; that
you will be able to see somebody’s genome and say
that they will fall down dead with a heart attack at
age 71, or something. The sort of information we will
get will be no greater but, also, no less than the
information you have from knowing that somebody
smokes or they are overweight. There will be relevant
but not definitive information, I think, from a lot of
these studies. That will be relevant; we will be able to
take advantage of it in similar ways. We have to work
out how. In the area of cancer, I think there is more
potential for actually seeing what is going on in this
cancer—because we know that cancers are caused by
mutations. So I think there is real potential for having
a better picture of what is going in those cancers.
Again, that will be primarily diagnostic; we will have
to associate that with therapy. There is the potential
for that, but it will be expensive, unfortunately.
Mr McKernan: A very important aspect of the work
that you are leading here, Richard, is that when
someone finds a mutation in cancer currently they do
not know whether that mutation is causative of the
cancer or just along for the ride. You will never know
that unless you do have 1,000 genomes under
sequencing and you know what the foundational
level of acceptable variation is in the population.
Once we have 1,000 of these folk sequenced we
should have a better understanding of how much
variation is there amongst the general population
which is acceptable. So that when we go into cancer
and we find a mutation we can look it up and say:
“Well, that’s just a common mutation; everybody has
that; that’s probably not the causative implication of
cancer; it probably just happens to be there”. I think
it is a very important foundational project. Many
other projects in the past—HapMap was a very
productive project but it only focused on single base
changes. This project is much more comprehensive,
looking at multiple base changes and other forms of
variation, so it is a much more comprehensive view of
many more people.
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Mr Brown: I would agree with all of that. There are
some important fringe benefits to the 1,000 genomes.
It is a very large and ambitious project, and it is one
of a number that are coming along—there is a large
cancer one being mooted. What they do is they also
drive “methods development”—they push the IT,
they push scientific understanding and they push the
vendors. You can see how the vendors compete over
this project in terms of placement. That acts as a very
important catalyst to really add to that accelerative
eVect that I mentioned earlier. So I think these large
projects are very important because they do actually
help us as technology developers; they give us a focal
point around which we can really drive our
technology. They set very high bars in terms of
quality, cost and throughput. They are really quite
important, I think. Again, as Richard was saying,
when I was at the Sanger Centre, people every week
would email you asking: “How does this technology
work? How does that one work? Where is it going?
Which one should I buy?” So there are many fringe
benefits for large projects like this, which will have
knock-on eVects elsewhere further downstream.

Q675 Baroness O’Neill of Bengarve: The main
question I was going to ask has roughly been
answered, so this is a follow-up to what several of you
have already commented on about the 1,000 genome
project. First a small question: why 1,000 people? Is
that a statistical point? Secondly, if 1,000 or even tens
of thousands of genomes are sequenced, how would
you see the division of benefit between science (new
research), the individuals whose genomes are
sequenced and public health?
Dr Durbin: On the technical point: the 1,000 or so—it
will probably be a few more than 1,000—is split over
several populations in the world, so there are several
hundred from each place, and the goal is to get to
finding things that are shared at present in about 1 per
cent of the population. To do that we need to look at
several hundred people to be confident we can find
things that are true in 1 per cent. It is a somewhat
artificial limit in that there is obviously an element of
practicality—what is sensible and over what
timescale—but it is quite a natural point, and it is of
an order of magnitude bigger than what was
previously looked at. There is little benefit to the
direct participants; they were all anonymised so no
information will flow back to them, in fact. It will be
completely anonymised. The whole aim of the project
is to find shared information which tells us something
about the population as a whole and which will be
transferable to others. The benefits to the
populations who participate are that there will be
better genetic understanding of the genetic structure
of those populations, and that will enable and
facilitate medically related research relevant to those

populations. “Populations” here is quite a broad
term; within the whole of Europe there is some
variation but we are very similar. Of course, there is a
lot of shared genetic information across the whole
world.

Q676 Baroness O’Neill of Bengarve: I would be quite
eager if we could hear a bit more about the relative
benefits to science to further research and to public
health, granted that the subjects of the 1,000 genome
project are not direct beneficiaries of the project. Is
that diYcult to say at this point?
Dr Smith: I think it is. We try to set a baseline to then
look at what happens in disease. Without that
baseline it is very hard to know what will be relevant
or, as the others were saying, just part of normal
genetic variation that is not part of disease. In
sequencing some of the individual genomes that have
been sequenced in the last year, I think we are seeing
levels of structural variation that we did not actually
know existed in normal, healthy individuals. So
unless you actually characterise that, it is hard to say
what is significant when you then start to look at your
patient cohort. I think it is an excellent foundation
because until you start a project like this you pre-
suppose that you know what types and levels of
variation you would expect to see, and unless you do
it—and as we are finding within the first dozen
individual genomes that have been sequenced this
year—there are levels of variation that you had not
even characterised before. I think it is very important
that we set that baseline.

Q677 Chairman: We have the 1,000 genome project,
we have the Generation Scotland project, and we
have the UK Biobank project. Are these linked up in
any way, in information terms?
Dr Durbin: The Generation Scotland and the
Biobank are examples of samples of the populations
who are being followed, and there are other such
cohorts established around the study, and those are,
as I referred to earlier, the sets of people who will
enable us to follow health outcomes and relate those
to genetic information. So the aim would be from the
1,000 genomes project we would identify potential
variants and then, under the agreed ethical
framework, we will be able to obtain genetic
information either on subsets of the cohorts (so that
will be informative about the genetic contribution to
particular diseases) or potentially on the whole
cohort in the future. That will allow us to validate
possible connections from gene-specific variants to
specific outcomes, and to see whether they interact
with the environment and other sorts of information.
So those are critically important in, first of all,
discovering potential connections and, also,
validating them and exploring the public health
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benefit of them. So I think the public health benefits
come through science, but you have probably heard
that before from scientists.
Dr Smith: I think Biobank is a very interesting project
where adding DNA sequencing to that project would
add a lot of long-term value. The Biobank is a very
large, long-term project, looking at normal
individuals and their lives, and I think to capture the
information that is being gathered and add to that the
genetic information would be extremely valuable. I
do not know that there is any plan to do that, at the
moment.
Dr Durbin: I was on the Science Committee for
Biobank in the early stage of the project. I think we
are a long way oV sequencing all the individuals
because the cost of sequencing at $1,000 a genome
would be too high—by a long way. It is up to half a
million people. There are good ways to select subsets
of the individuals and of the genes potentially, either
in that cohort or in other cohorts. This is the current
way of operating within genetics. Often, one
combines people from multiple cohorts,
internationally, and many of the studies that the
Americans are carrying out at the moment in human
genetics use European cohorts, so it is not all from
the UK.

Q678 Lord Winston: I find myself, my Lord
Chairman, wandering through a kind of fairyland. I
just do find some of your answers quite conflicting.
Forgive me if I just diverge for a moment, but I would
like to tease this out, because it is quite relevant to my
question. On the one hand we hear that the UK is a
leader partly because of its digital information
records, but what you are talking about here is
something which is incredibly complex. We are not
remotely there and, even if we were, there is very little
guarantee that the sorts of multiple variations which
Richard Durbin is talking about we would actually
be able to tie in with any kind of computer
technology or information. That is relevant in terms
of the question I was going to ask, which is: in what
ways would clinical practice benefit from next
generation sequencing? It seems to me that witness
after witness has tended to make wonderful
statements about, for example, Biobank and the
sequencing of people, but that is actually not going to
be possible, at the moment, because of the cost.
Dr Smith: No, not at the current costs.

Q679 Lord Winston: So, really, we have to discount
that, frankly; we have to put it out of mind. What we
have to do is look at what is actually going to be
practically possible and where the benefits of this
kind of technology truly are—if there are any at all.
It is possible we may have to face the fact that there
are far fewer benefits than we are claiming. I think

that is a real issue for this Committee. Should
sequencing for clinical uses really be aimed at clinical
practice? It obviously follows from that, would we
look at the large centres doing that or should that be
devolved to the smaller centres, in the way that the
health service is doing that? Could you tease out
some of those questions for us, because I think they
are very important in our report?
Dr Durbin: We have been strong in medical
epidemiology and its application in genetics and that
has not required digital records. There are more
established ways of ascertaining sets of people for
research. Although the risk eVects are small, there are
becoming quite a large number of identified
associations and we will be discovering more. I think
you have heard from Peter Donnelly and he has
probably pointed out that a significant fraction of
people will have a significant genetic risk of some
disease or other. These will contribute just as other
risk factors do, but only at that level. Another area
where I can see that sequencing will be useful in
cancer, though it may be quite a long way oV.
Another is for people with severe genetic
abnormalities. Traditionally, such people have been
referred to clinical cyto-genetic services and a
microscope has been used to look at the genome to
see whether it has changed. In just the last few years
genomic technology has reached the point of
becoming a standard now where you use
microarrays. These are things that cost hundreds of
pounds—on the order of $1,000 or whatever. That
will be one area early on where there is benefit. The
numbers there are relatively small, we know. The
public health side is not enormous but there will be
significantly better diagnostic information available,
and it will have utility. So I do not think we will see a
revolution, but there is potential both in specific small
sets of the population for better diagnosis and better
information, and I think there is also potential for
giving altered risk information which might change
the point at which you start screening for
something—just as now (I am not a clinician) people
weigh up various factors and decide that somebody
should take beta-blockers. Within ten years we will be
using genetic information in some of those decisions.
I think that’s an OK goal.
Mr McKernan: There are also important cases today
where they are used, so it is very complex and many
of these common variants will be diYcult to pin to
medical records and make revolutionary insights on
day one. Knowing the foundational level of common
variation that is out there is very important to the
process. There are cases where, for example, just a
few years ago, with EGFR, a mutation was very
critical to understanding which drug profile you take
for cancer and it extended people’s lives for six
months. It would change the outcome and course of



Processed: 29-06-2009 20:54:31 Page Layout: LOENEW [O] PPSysB Job: 418432 Unit: PAG4

341genomic medicine: evidence

5 November 2008 Dr Geoff Smith, Mr Clive Brown,
Mr Kevin McKernan and Dr Richard Durbin

cancer treatment, and money could be saved then,
from everyone’s perspective. So there are predictive
genetic mutations that are out there. I think Richard
has been wise to point out that cancer is, potentially,
where the action is going to be seen first, because
those mutations tend to have very serious
implications in terms of the treatment. I think it is
inappropriate to be promising the world with this—
that is a fair point—but there are cases that give us
lots of hope that where there are DNA mutations that
are very clearly tied to a diVerent course of treatment,
and if we do not somehow tie that to medical records
that information will be diYcult for us to collectively
understand.
Dr Smith: There is another area which is quite
interesting at the moment, which is drug resistance,
that is non-responders to pharmaceutical
compounds, which I think would have huge benefits
but, also, looking at bacterial infections and trying to
characterise drug resistance within bacteria. Often
drug treatments for some bacterial diseases, such as
TB, are very protracted, and the patient gets given a
course of antibiotics—whether you know those are
going to be eYcacious or not. I think next generation
sequencing will be very eVective in this area and it is
actually relatively cheap to sequence bacteria and
then correlate the resistance to antibiotics, and
therefore give better treatment to people who have
bacterial disease. This is an example of something
where you can have a fairly strong benefit.

Q680 Lord Winston: Are there significant
commercial opportunities for next generation
sequencing in clinical practice and clinical
diagnostics?
Mr Brown: Oddly enough, I have been speaking to a
few people recently within the biotech arena, and
there are people out there who certainly see
opportunities—or they think they see
opportunities—for applying these technologies,
either translationally or into clinics. It is purely by
coincidence that in the past couple of weeks I have
been speaking to a couple of people who are looking
to raise money to start companies in that area. So I
think there are people out there who believe there are
opportunities, whether you agree with that or not. On
your earlier question, I think it is a question of the
value of genetics in medicine, not with the value of
sequencing. Sequencing is just a means to provide
that information; whether it translates into the clinic
or not is a much broader question, it seems to me.
There are people out there who believe that it will—
whether you agree with it or not—and they are going
to try and do it. What those opportunities are
precisely right now, I do not think we can say.

Q681 Lord Winston: What do you believe?
Mr Brown: I am a big believer in DNA; I have
devoted my life to the stuV, like Kevin here and
GeoV. It seems to me that if you believe in the central
dogma there has to be a role for DNA in medicine.

Q682 Lord Winston: You have told us there are three
areas that you have demarcated: one is cancer which,
of course, we totally accept. One is unusual genetic
disorders which, frankly, are very rare and, as we
know, really only aVect a small proportion of the
population. The third one is in some aspects of
pharmacology and therapeutics—drug resistance,
for example, with antibiotics. Does it go beyond that,
do you think, commercially?
Mr McKernan: There is early detection. That is
always helpful. There was a very interesting paper
from Stephen Quake’s lab recently. I am not quite
certain of the utility of this but six per cent of the
DNA circulating in a maternal bloodstream is foetal
DNA, and they have shown they can sequence this.
They can detect diVerent chromosomal
abnormalities without having to do amniocentesis.
Amniocentesis has two per cent mortality, so there
are potential Karyotyping applications there. I see
lots of other opportunities and understanding, on a
research basis: stem cell diVerentiation and
understanding diVerent types of circulating RNA
markers that might be predictive of diVerent disease
states. These things are now very easy to go and get
out of the blood and sequence. So there is a very
strong research component that it will certainly
accelerate.

Q683 Chairman: This karyotyping in maternal
blood, of course (Lord Winston and I are pretty
familiar with it), has been going on for years, and we
have not cracked it, and that is just to identify
chromosomal defects. How is this sequencing
technology going to make that more possible?
Mr McKernan: It is just more data points. So you are
usually doing this with PCRs, so you are getting
much better resolution and confidence in which parts
of the genome have, in fact, duplicated. There is also
the cost question.

Q684 Chairman: What kind of abnormalities are
you talking about?
Mr McKernan: It is usually trisomy events (?);
trisomy 21—

Q685 Chairman: People have been chasing that for
years.
Mr McKernan: Right. It is a screening for something
in the first trimester which does not require a needle.
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Dr Durbin: The critical point, in a way, is to realise
how fast and to what extent this technology is
changing. It is becoming very relevant in places where
previously you would not have dreamt of going about
things this way.
Lord Winston: I accept that, but it is also true that in
some ways the practical value has not really changed
much since we did single cell PCR in a hot water bath
18 years ago to look at two specific gene defects in a
single embryonic human cell. In a way, what is a bit
puzzling is the fact that we cannot see, 20 years on,
clear utilities for technology that you are clearly
singing the praises of. It is a very exciting technology
but it is not very clear to me what it is replacing.

Q686 Chairman: Is it clear to anyone at this stage
what it might replace?
Mr Brown: I think the track record is quite
controversial. I have always been very sceptical about
genetics as well. If you look at the track record of
genetics in terms of its ability to predict outcomes and
if you look at the number of studies that have been
done and how many have actually been validated, it
is really quite poor. Unfortunately, one of the strange
things about biology is that it is much more
complicated than we think it is, and when somebody
comes along with a much better measurement device
and looks for things, they usually find them. What we
have here is a much better measuring device, and it is
much cheaper, and my prediction, based on
unpredictability, would be that we will find things
that we cannot predict, and therefore there will be
some benefits to it. But it is very diYcult to sit here
and tell you what they are going to be.
Mr McKernan: I would agree. I would not say it is
replacing things; it is opening up new opportunities.
There may be replacement opportunities.

Q687 Lord Winston: However, you can see, from the
point of view of pushing, let us say, really expensive
informatics programmes, that that is an issue, when
you come to make a recommendation, where we
know that these sorts of computer technologies are
proving a good deal more diYcult to launch and
maintain financially.
Dr Durbin: I think it is very clear that these sorts of
things have a very major eVect on scientific research.
We have already seen that in basic biomedical
research—that genomic and DNA sequence
information has a big eVect. I do not know how much
PCR and DNA-based assays are used across the
board nowadays—I would suspect more than 20
years ago. I had a genetic test last year because my
mother had haemochromatosis, which I guess I
would not have had 20 years ago. It falls into rare
disorders. But I come from a sample of one.

Mr McKernan: I have also had a genetic test.
Dr Durbin: I think this a very strong new tool
available for new information, and we have suggested
possible areas.

Q688 Chairman: We have heard, for instance, in the
United States about the NIH, where they are
supporting, particularly, the Chemical Genomic
Center (you are familiar with it, I presume) to
accelerate academic discoveries that may be
commercially viable. Is this kind of application of the
chemical center in Washington the way forward? Has
that got a utility at all?
Dr Durbin: I think that falls into the category of a
strategic investment decision about the direction of
investigation. Particularly in this country, although
we have had funds available they are still relatively
small compared to what is available in the US, on the
scale question. There has been selection of particular
areas to be strong in. I do not think, at the moment,
there is envisioned a particular, major eVort in the
UK in that area. I am not an expert in this specific
area. There are other areas where we do aim to
achieve international leadership, and I think we
should continue to identify areas where a
combination of people, expertise and opportunity
will create opportunities.

Q689 Baroness Finlay of LlandaV: I apologise, my
Lord Chairman, for arriving after you had started.
There are two things that I really wanted to ask you.
The first is just picking up from some background
reading—and forgive me if this has already been
covered. Are we inadequately focusing on gene
expression in terms of the background to sequencing
and inadequately focusing on what will switch on
genes in diVerent situations?
Dr Smith: That is an excellent question, and I think
the academic literature over the last year has actually
shown an explosion in analysis of gene expression on
a genome-wide basis. I think the impact that next
generation sequencing would have in this area was
somewhat unexpected, and I think some of the
studies that are coming out are truly exceptional in
the detail and depth of the analysis of gene
expression. The throughput of the instruments and
the cost of sequencing for gene expression is also
extremely compelling, so you can do a lot of
experiments relatively cheaply with next generation
sequencing. It is becoming, I think, the gold standard
way of looking at gene expression. I do not think it is
something that the companies necessarily have
promoted as the major application for the
sequencing; it is something that the researchers have
picked up on and there has been an explosion in
interest and, as I say, the studies are truly stunning.
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Q690 Baroness Finlay of LlandaV: I wonder if I
could ask you the other question, which is what
should be the balance for funding of DNA sequence
technology compared to the funding of
bioinformatics and downstream analysis of genomic
data?
Mr Brown: What you should be prepared for is a
larger fraction of grant applications being dedicated
towards bioinformatics. I think people will have to
do that, whether it is training or equipment. In the old
days you may have been prepared to fund a large
capital item like an instrument and two post-docs,
but I think you will be seeing now more of a shift
towards the informatics side. I think you should go
with what the scientists apply for and judge it based
on the grant application, but be prepared to be
spending more and more money on computers and
people who can run them.
Mr McKernan: I also think, as Clive was mentioning
earlier, that this is ultimately a measuring device and
you are going to find it being utilised in more and
more studies that it traditionally was not used in. I
have seen more methylation work and single cell
analysis work being done with this, and there is
obviously chromatin information. So there will
probably be a higher percentage of grants that
traditionally would not have sequencing in them that
suddenly do.
Dr Durbin: I think the balance should, at one level, be
driven by what is required to get to the goals, and that
will include substantial amounts of computing. I
think strategically it is infrastructure and
information which is important. The Sanger Institute
has a big investment in sequencing machines and,
also, a very big investment in computing, and we did
that from the start. I think other academic centres
and research centres, people who use the data, will
need to invest in IT, and there is also going to need to
be investment in people in this area. People who want
to do these experiments find it hard to find trained
people who can work in them. There was a phase,
when the genome sequence first appeared, where
there were lots of Masters programmes in
bioinformatics. They kind of came and went, to some
extent. I think they did produce people who went into
industry and other forms of research. That wave of
people were trying to understand the genes, and there
is going to need to be a new cadre of people who can
use the data. There is an area there, given the
technology and its utility in science, in particular
what we will see in medicine, where I would expect
there will be applications, and having trained people
will still be an issue going forwards.

Dr Smith: Richard and I work three miles apart and,
in some senses, compete for the same pool of people
to run our research activities. We echo what he says;
there is just a large skills shortage in informatics, and
any way that that can be addressed would be
extremely helpful. Interestingly as well, we also see,
on a broader level, a reasonable skills shortage in UK
graduate applicants to us across all levels. It is a
multinational workforce at Illumina in the UK. It
surprises me that many of the people that apply to us
who are highly skilled originate from outside the UK.
So I am quite interested, myself, in working out how
the excitement that you have heard, and some of the
progress that we have made, actually go to strengthen
the graduate base and how can we, basically, make
genomics an exciting place for graduates to join,
regardless of whether they happen to be
informaticians or technologists.

Q691 Baroness Finlay of LlandaV: Does this
represent a failure of undergraduate programmes
across our university sector?
Dr Smith: “Failure” is a strong word. All I can say is
I am surprised when we put job applications out that
the people, often, who are most qualified tend (it
varies across the board, of course)—we tend to get a
large number of people who are well-qualified who
are non-UK-based. I could not say whether it is a
failure.

Q692 Baroness Finlay of LlandaV: Is there one part
of the world that they are coming from particularly?
Dr Smith: All over, actually—India, Europe, South
America and China.

Q693 Chairman: I gather that the intake of PhDs has
gone up since the collapse of the financial markets.
Dr Smith: That may be a good thing for the biotech
industry in the UK.
Mr Brown: On my Lord Chairman’s point, there are
quite good computing and maths people in those
banks. I have had applicants from those kinds of
people recently looking to apply their skills
elsewhere. I am not sure we can match the pay levels!

Q694 Chairman: Thank you very much indeed. We
appreciate your time and the information that you
have given us. If you find that subsequently you feel
there is something that you did not get a chance to get
across and you wish to submit further evidence,
please feel free to do so, and it will be used as oYcial
evidence. For today, thank you very much for
coming; we appreciate it.
Mr Brown: Thank you.
Mr McKernan: Thank you.
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Supplementary memorandum by Oxford Nanopore Technologies Ltd

INFORMATION ON COST STRUCTURES OF “NEXT GENERATION” DNA SEQUENCING
TECHNOLOGIES

Introduction

At the sub-committee meeting on 11 June, Lord Patel invited participants to submit further background
information on the status and costs of “next generation” sequencing technologies. Developments in these
technologies are driving the acceleration in genomic research; for example 98 per cent of all DNA bases ever
measured have been sequenced since January 2008. These technologies also have potential for delivering
improved health outcomes through clinical applications. The anticipated technology revolution in this area
may be likened to a “broadband revolution”.

This document presents an overview of the current capabilities and costs of existing technologies and presents
a series of considerations that will be important when planning for the integration of future, emerging
technologies into research and clinical strategies. Summary information is gathered from various public
sources and references will be supplied on request.

How to Cost Sequencing

There has been much discussion of whole genome sequencing in the technical and scientific media. The cost
of completing a whole human genome sequence is often used as a benchmark, resulting in the well publicised
pursuit of the “$1000 genome”. However, there is and will continue to be a need for aVordable targeted
sequencing of much smaller sections of DNA, and a need for the comparison of multiple samples.

A more relevant system for the cost of sequencing therefore divides the cost of sequencing into composite units,
ie “cost per DNA base” rather than the “cost per completed human genome”. However, there is not a linear
relationship between a single base cost and a full genome. There are fixed and variable costs and these will also
depend on other factors including:

— The coverage requirement for the application eg bacterial genomes require 20–30x coverage just for
resequencing, diploid genomes require 30–50x coverage.

— Size of DNA segment to be sequenced.

— Structural complexity of the segment eg repeats, polyploidy.

— Raw vs finished data—varying error rates mean that re-reads are necessary to reach a satisfactory
level of accuracy. The cost of “finished” data rather than “raw” data takes this into account.

When considering the real cost of sequencing, it is important to consider all costs: the capital cost of
instrumentation, sample preparation, reagents, servicing, labour, energy, software, data storage and
processing, and other overheads. There has been a recent trend of announcements that only discuss reagent
costs, ignoring other costs and the infrastructure requirements needed to support these technologies. With all
costs included, it is estimated that a completed human sequence will still cost several hundreds of thousands
of pounds with current technologies.

An important part of this consideration is the cost and complexity of instrumentation. As current “next
generation” technologies cost hundreds of thousands of dollars and require multidisciplinary teams to
operate, use of these systems is currently relatively centralised.

Considerations when Planning Services and Research

When planning for future research and clinical services based on sequencing, it will be important to consider
the following:

— Currently centralised: The cost and workflow structure of existing sequencing systems suit a
relatively centralised process that delivers large volumes of genomic data. This suits large-
throughput projects, for example those centres currently participating in the 1000 genomes project.

— Future technologies will be cheaper and simpler: Technologies that are in development are likely to
reduce the cost of instrumentation by a significant degree, and simplify workflows. Plans for future
infrastructure and funding should imagine that future technologies will allow more laboratories
direct access to aVordable and powerful sequencing technology.
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— The rate of change in these technologies is very fast. At the time of the 2003 White Paper, the funding
structure for new technology assumed that it should be considered for replacement after five years.
The existing technology pipeline indicates that a two year cycle would more appropriate for one
technology to be replaced by the subsequent generation. Planning of the infrastructure and funding
of genomic medicine would need to take this into account.

Bioinformatics

A major challenge for all sequencing technologies is the downstream ability to process, store, organise and
make sense of the data. Key parameters determine the utility of DNA sequence data. These are:

— Read length. If a system can read a longer length of DNA in one measurement, this makes
reassembly of the data easier and can reduce the need for massive redundancy (“spare” data that has
been sequenced but is not needed). This may be likened to having larger pieces of a jigsaw. Read
length in particular determines the ability to assemble and align DNA data for genomics and genetics
analysis.

— Base call confidence. The accuracy of each run of data analysis aVects the number of times the
sequencing needs to be repeated to produce high quality sequence data, and this in turn aVects cost
and time. Being able to work at “low coverage” also reduces the processor and storage overheads
required to obtain and end result.

— Cost. See above and appendix.

Any existing high throughput sequencer is likely to generate large amounts of primary (raw) and secondary
(sequence) data, with relatively small amounts of tertiary data (mutation lists, genotypes etc). Systems that
enable the end user to get to tertiary data quickly and cheaply are highly desirable and currently lacking.

Horizon Scanning

There are a selection of new technologies in development that have the potential to deliver a significant
improvement in the speed and cost of DNA sequencing. The speed of innovation means that a two-year cycle
should be considered appropriate for replacement of sequencing technology.

Future generations of technology promise two specific improvements:

— single molecule analysis (removes the need for amplification of DNA in the sample, reducing
complexity, time, cost);

— and/or label-free analysis (removes the need for fluorescent labels, which would simplify
instrumentation and remove the cost and complexity of chemical reagents); and

— long read lengths (minimise sample prep, speed up data assembly, greater accuracy, greater resolution
of structural variation/polyploidy considerations).

A lower instrumentation cost and powerful throughput will in turn have a lower infrastructure need, allowing
a broader range of laboratories direct access to powerful DNA sequencing. These factors should be taken into
account when horizon scanning and planning.

One technology in development is at Oxford Nanopore Technologies, founded on the science of Professor
Hagan Bayley of the University of Oxford. Nanopores are capable of direct single-molecule, label-free analysis
of DNA bases and this technology is scalable. For more information please visit www.nanoporetech.com.

Applications

Improvements in sequencing technologies have clear application for the research market. However, the NHS
should consider how other health outcomes may be improved by an accessible, powerful, economic sequencing
technology. For example, there may in the future be an economic argument for diagnosing infectious disease
by sequencing the relevant infectious organism, or for near-patient sequencing to be a solution to a range of
diagnosis needs.

The Appendix on the next page shows a simplified representation of the workflow and cost structure associated
with existing “next generation” sequencing technologies. Specifications are taken from corporate literature
and other public sources, however specifications may change due to ongoing development of these
technologies.
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Memorandum by the European Bioinformatics Institute

Summary

The use of molecular assays to inform clinical decisions shows great promise and will revolutionise medicine
over the coming decades. In particular determining an individual’s genomic signature, at first by genotyping
likely to be replaced by genome sequencing will provide the key dataset to inform on the genetic contribution
to common disease risk, specific high penetrant diseases and response to treatment. Other molecular assays
include the use of microarrays, for example in tumour samples, or blood biomarkers for diagnostic use.

In all these cases, the assay technology will generate large amounts of data specific to that individual. Each
data type has its own unique challenge in storage, manipulation and interpretation, of which there is nearly
always an active research community who have used this assay for basic and applied research. It is therefore
critical that the knowledgebase created for basic research continues to develop and that this knowledgebase
is leveraged appropriately for the use of molecular assays in the clinic. The presence of large scale molecular
data in the clinical setting will require the establishment of sophisticated information management groups,
involving new management structures and new recruitment.

An important diVerence between basic research and clinical information is the private nature of clinical
information to the patient and trusted healthcare professionals. This implies that information which is only
used for an individual’s medical care should remain private. However, the storage, manipulation and
interpretation of this data should be coordinated with the basic research systems. In addition, there are
datasets of clinical information which have been deliberately collected to advance clinical research, such as
those underlying genetic disease association or epidemiological studies, such as UK BioBank. In this case, a
form of restricted access, consistent with well established medical ethics, has recently been developed.

In the setting of basic research best practice has been to build large, open datasets of the molecular assay
results, usually coordinated worldwide. These datasets are then integrated to provide a richer description of
the biological processes involved. In Europe, the European Bioinformatics Institute, which is sited in south
Cambridgeshire, Hinxton, is the recognised centre for this activity and holds all of the major biomolecular data
resources. The EBI has the potential to coordinate activity inside the UK, among European member states
and internationally. The UK government should take advantage of these European structures, in particular
given the physical location

In more detail, we recommend a three tier system, outlined below.

Support of Basic Research Base

The use of molecular data in the clinical setting relies on a vibrant and open fundamental research base. In the
area of bioinformatics, many of the proposed molecular data types are being handled, with data storage and
archiving occurring primarily at the EBI. It is critical therefore that the basic research continues to be
supported. However, the growth in molecular assay generation has often outstripped the provision of funds
for the aggregation and utilisation of this data, in particular because many funding instruments are not ideally
designed to work with such infrastructure components. Recognising this, the European Strategy Forum on
Research Infrastructures (ESFRI) launched an in depth, bottom up preliminary phase for scientific
infrastructures. One of the 36 infrastructures currently being considered is ELIXIR, the European Lifesciences
Infrastructure for Biological Information, lead by Professor Thornton. The UK government has an
opportunity to show crucial leadership to support this infrastructure which underpins these clinical
applications, and thus also leverage European funds for this endeavour.

Handling Personal Genomic and Molecular Assay Records

Unlike basic research, information on individual patients cannot be openly released. This information
conceptually is part of the medical record of the patient, but its form and interpretation are far more complex
than text based records of diagnostic decisions. It is important that the NHS IT system considers the
management of these complex datasets as part of their roadmap, and that these systems are being built with
appropriate input from the basic research domain to maximise the utility of the data and minimise the risk in
the development of new systems. This is likely to involve transfer of both software systems and personnel, as
well as training in informatics in the clinical setting.
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Support of the Clinical Knowledgebase

The third main information component will be the knowledgebase of clinically relevant interpretations of the
biomolecular assays. Conceptually part of this is akin to the verification of treatment regimes and new
pharmaceutical compounds by institutions such as NICE. This area is not completely understood, and there
is considerable clinical research required to define the best application of this molecular data. An additional
requirement is that the output of this research can be combined with the personal medical record, which would
include the molecular data, to provide concise, evidence based recommendations for medical decisions. This
latter aspect has a complex informatics component, somewhat akin to the concept of “medical algorithms”
but applied to molecular data. In addition, for medical professionals to maximise this information there needs
to be both specific training in tools and a broad understanding of the concepts and assays in the medical
training curriculum.

April 2008

Examination of Witnesses

Witnesses: Professor Janet Thornton CBE, Director, European Bioinformatics Institute, Dr Ewan Birney,
Senior Scientist, European Bioinformatics Institute, and Professor Anthony Brookes, Professor of

Bioinformatics and Genomics, University of Leicester, examined.

Q695 Chairman: Good morning, lady and
gentlemen. Thank you for coming to help us with this
inquiry. I know you have been sitting at the back for
the first session and so you have already got some
feeling for what we are after. Each of the members of
the Committee in turn will have questions to put to
you. If any of you wish to make an opening statement
please feel free to do so. If not, we will go straight to
questions.
Professor Thornton: Maybe I could make an opening
statement which we have agreed. I am Janet
Thornton. I am Director of the European
Bioinformatics Institute and a research scientist. At
EBI we have a mandate to look after biomolecular
data in Europe and this work is part of international
collaborations, so we share the data across the world.
We collect and curate and distribute the data all
around the world and have a very large community of
users, worth more than 20,000 unique users use our
data every day. We feel that genomic medicine is very
exciting and does have enormous potential, and it is
really critical, I think, at this time that the UK
addresses the question of how best to translate this
knowledge into the health sector. For us the
informatics challenges that this poses are enormous.
It is clear that it will be the biomedical informatics
that will allow translation from the knowledge and
research into medical practice, delivered through the
doctors. The translation route will be, I think,
through the informatics, that will apply, in the clinics
in the hospitals and for the GPs ultimately. Delivery
will depend on training and informatics.
Bioinformatics itself is a new discipline; it is less than
20 years old. Biomedical informatics is rather
diVerent in this context. It has new aspects that we
have not had to consider within bioinformatics, such
as the translation to the patient, the security of the
data, all those aspects are not a part of our current
role, and I think that for the research at this stage and
for the future for the medicine it is clear that we really

do need to strategically plan how to handle these
informatics since it will underpin the future of the
translation into the clinics.

Q696 Chairman: So do you think that in the UK
anybody is addressing this strategy? Do we have a
strategy?
Professor Thornton: There are two communities.
There are the bioinformaticians and at the EBI,
which is European, not just the UK, we have a very
strong cadre of scientists who address this. We then
have the medical health records area and the
electronic health records, which is very complex and
a diVerent sort of operation, and I do believe that
there is something of a gap between the two and there
needs to be a bringing together of these two diVerent
aspects. I do not think there is an overview of this at
the moment.

Q697 Chairman: Your organisation is obviously
successful at getting the genetic data to scientists.
Professor Thornton: To research scientists. That is our
primary goal.

Q698 Chairman: Europe-wide?
Professor Thornton: Europe and worldwide. In fact,
our largest user is the US.

Q699 Chairman: How much use is the UK making
of it?
Professor Thornton: The UK, pro rata by GDP has, I
think, many times the usage of any other European
nation. This is because we are based in the UK and we
have very strong contacts with our research scientists.
Thus there is a large user community in the UK and
also a large training component. We run extensive
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training programmes in the UK for students and post-
docs, and some training of clinical geneticists has been
undertaken, but just a very little bit so far.

Q700 Chairman: Do either of you two have any
comments on this question?
Dr Birney: I am Ewan Birney. I work for Janet. I run
the DNA databases at the EBI and that includes the
huge genomic database and the mouse unit and stuV
like that, so I would agree with Janet that there is this
gap about biomedical informatics and it would be
really useful for us to have a relationship with the
really well structured research community and
biomedical informatics and so I really support
Janet’s statement that there is a missing gap here. I
think there are a lot of people who are very interested
in this area and one of the important areas to
recognise is the advances in research genetics. That
has been really impressive over the last two years but
that is still some way away from impacting on people
who do healthcare.
Professor Brookes: I would like to introduce myself. I
am Anthony Brookes. I am at the University of
Leicester. My background is very much in enabling
technologies for genomics and for bioinformatics
and applying those to studying disease. Over the
years we have identified quite a few disease gene
impacts on this. I would like to make two brief
opening statements if I may. The first is to echo the
points that you have just heard, that there really are
two diVerent worlds out there when it comes to IT
that we might talk about today. One is the research
world, bioinformatics, and then there is the
healthcare world, which is biomedical informatics,
and I think it is very important that we keep a clear
distinction between those two as we answer our
questions today. The other point I wanted to
comment on was something that came up in the last
session. You discussed at length the utility of
studying complex diseases, small risk factors in the
genes and high frequency sequencing to look at that,
but the focus on that is perhaps at the cost of realising
that there is a massive amount of genetic data that
has been created over the last few decades for simple
genetics—genetic changes, genetic variations, which
essentially cause some disease or drug response or
cancer or whatever. There is a lot of data out there. It
has not been gathered together. It is not being used in
clinical medicine but the potential is there. This is not
just random dealing in diseases that only aVect one in
10,000 people. Five per cent of Alzheimer’s is
Mendelian in character, seven per cent of breast
cancer. A significant fraction of what we call common
disease is caused through Mendelian-type genetics.
We know those genes. The information is out there in
the research world and we are beginning now to move
that knowledge into the healthcare world and make

use of it. I just wanted to make that distinction
between complex and simple genetics and there is a
big role for simple genetics.

Q701 Baroness Finlay of LlandaV: Thank you for
highlighting the translational problem because it is
close to my heart, as I mentioned. We heard evidence
from UK Biobank, Generation Scotland and Decode
on the value of having a unified database for both
medical and genomic data. Do you think that linking
genomic data to medical health records is feasible,
and, if so, how long will it take and what sort of
investment is required? You might have to answer
that in the light of the information that has come out
about the attempts at computerising medical records.
Professor Thornton: I think that is the answer. It is
absolutely technically feasible; there is nothing
diYcult about that at all. The challenge is
computerising the health records and when that is
done the link to the genomic data, I think, is relatively
straightforward. Having said that, I think we need a
strong infrastructure for that in the UK because I do
believe this will enable the translation into the clinic
ultimately. The time that it would take depends on
how long it is going to take to get the medical health
records computerised. I believe that is the major
factor in providing this information. In terms of the
investment, I think it ultimately will be very large but
initially I believe that the best way to make this
happen would be first to tackle what is needed in the
research world, which essentially is the biomedical
information and the curation of it in the UK. In my
opinion the EBI has succeeded in its mission because
we have a clear mandate to handle biological data. I
think we need somewhere in the UK which has a clear
mandate to handle the biomedical records with that
as their priority. This should be linked to the research,
both the clinical research and the biological research,
perhaps in a new institute or in a new unit which
would address this. I think the investment needed in
the future, because this is going to translate into the
clinic, is a serious concern, but there is no doubt that
this is having a huge eVect on the research at the
moment. It is a revolution in biology research; there is
no doubt about that, and the key problem that people
face is having access to the medical information that
comes with the genomics. I think the UK is in a
strong position to take this forward by making clear,
strategic investment at this stage and that will set the
scene for rolling it out into the clinics later. It is really
not ready today at all. There is a whole area in terms
of best practice, for example, “What does this
mutation mean?”, “What should the GP tell the
patient?”. I do not think we have the right procedures
in place to do that, but an institute which was devoted
to this really could develop this area.
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Q702 Baroness Finlay of LlandaV: So are you
suggesting a free-standing institute that would be in
charge of the interactions between all those who
currently have databases and would work towards
establishing a unified database, because we have got
information held in the Sanger Institute, the
European Bioinformatics Institute, national
programmes for IT and so on? One has to think at the
end of the day who will be answerable for this.
Professor Thornton: Each European country has to
deal with their own medical records, so the EBI
would not take on this role, but we have to have very
close links to somewhere like this, but somebody
should take responsibility. That is the great thing for
us at EBI. We have the responsibility for the
biological data. We interact with the US and with
Asia in terms of exchanging our data and making it
available and developing procedures. The medical
data is more complex because the security issues that
are involved have to be tackled by each Member State
within Europe. We (the UK) really, I think, has a
great opportunity because of our strength in genetics,
and I would absolutely echo the fact that the UK is
very strong in genetics. We have a great Health
Service. Making the medical health records electronic
is a huge challenge but if this could be brought
together in some way with clear responsibility I think
it would have a big impact, first on the research and
that would then roll into the clinics. I think that is an
important point.
Dr Birney: There is a culture change here as well
because inside the Health Service, and I do not
interact a great deal with the Health Service but my
understanding is that this would be classed under IT.
It is an IT procurement kind of model where one is
mainly outsourcing and writing quite complicated
specifications for some IT implementation of what
you want to do, whereas our experience in biomedical
bioinformatics, when it intermixes with science, is
that this is not like something that you write down a
spec for and agree with Andersen Consulting and
then walk away and five years later it gets delivered.
It is because it is complex and so you have to have
people who genuinely understand it, and then it will
move and evolve over those years. New technologies
that change your perspective will come along, so that
is why there is, I think, as well as the need for
investment, the need for a style of investment that I
think is closer to the research style of investment or
the kind of grant-funding style of investment rather
than the IT procurement side of investment where
one assigns money and then does the competitive bids
and stuV like that. There are also diVerent models
here but I think there is a sharp culture shift between
these two areas. As well as just the mundane aspect of
money there is quite a sharp culture shift of the IT
inside hospital systems and informatics, and I suspect

that we think a successful system is modelled closer to
the research bioinformatics than the IT
procurement side.
Professor Brookes: First let me say something I should
have said in my introduction. I primarily represent
the Gen2Phen project. It is a ƒ12 million funded
project across Europe and includes groups from India
and South Africa, the goal of which is to look at how
we harmonise and unify all these bioinformatics
eVorts out there to tie together genetic and disease
relationships. It is very important that I mention that
at this point given this question because I do agree
with the general message you have been hearing from
my colleagues that it would be very valuable to have
a dedicated biomedical informatics institute working
closely in the UK with the Bioinformatics Institute.
However, I do want to add to that that I do not think
that is enough. If we just have a massive central
facility that really would not solve the problem. This
problem requires input and expertise from an across-
the-board spectrum of the research and the
healthcare world, and indeed in our Gen2Phen
project we have groups that represent all of those
communities, plus the users, plus the doctors, plus as
many diVerent groups as we can and we have specific
activities to go out and consult with these people
about what they need. What made me want to
emphasise that point was the comment you made
about a big unified database for this. I think that is
not going to work. I think we need to have resources,
databases, expertise, contributions from across the
community, and the challenge is tying all that
together and putting standards in place so that it can
be tied together.

Q703 Baroness Finlay of LlandaV: What about the
special security issues that will arise from linking
multiple diVerent databases, some of which contain
confidential patient information?
Professor Brookes: It comes back to my first point
about the research world and the healthcare world. In
the research world there is anonymisation and ethical
guidelines for all of that so that the research data,
which is about knowledge discovery, goes ahead well
and identification of individuals does not become an
issue, and you have got the healthcare world where
the informatics challenges are really quite diVerent.
This is not about knowledge discovery. It is about
saying, “This particular set of DNA sequences for
this individual—we want to make a prediction from
that about their healthcare or their treatment”, and
so on. There the information about that patient does
not need to go beyond that room or beyond that
database but what they need to be able to is reach out
to the research world databases to make those
predictions, so again I do not think you need to tie
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together all the healthcare world databases that will
run into those problems of security.

Q704 Baroness Finlay of LlandaV: Who will be
responsible for the security at the end of the day for
this information and do you think it will require new
legislation?
Professor Brookes: Oh, goodness. On the patient level,
so in the healthcare world, that comes down to the
data management and security within that
organisation. I am not, I feel, in a position to
comment on whether that would need new
legislation.
Professor Thornton: I agree with Tony’s comments.
One of the major roles of the EBI is to develop
standards and mechanisms to handle the data
because we have this mandate. I think that in this
world of clinical data there needs to be a body that
deals with the security issues, and there are many, I
know. This is an ongoing point of discussion within
the Health Service, and is a huge challenge that needs
to be addressed. The model that I think we need is an
institute or a unit or something which takes
responsibility for that sort of issue, the ethical issues
and the legislation, develops the infrastructure
whereby you can have the centralised aspects and
also allows the distributive aspects as well that Tony
was representing. To summarise I think the UK needs
some central body such as the EBI which, because of
its mandate, has a responsibility to do things and also
the right to lead. At EBI this is our job for biological
data and we spend a lot of time doing it. The problem
when data are distributed is that nobody really has
the responsibility for security and ultimately to
deliver the data to researchers and ultimately the
population.

Q705 Baroness O’Neill of Bengarve: Is the problem
that the task is distributed or are we also suVering
from defective legislation in the Data Protection Act?
Professor Thornton: The decisions have to be taken
centrally and then feed out to the strategic decisions
about how to do it and that aspect needs to be taken
centrally. I honestly cannot comment on the
legislation. I just do not know enough about that.
Dr Birney: I do not have a great understanding of this
but I have some understanding of it. I think there are
a couple of diVerent separable things here. First, this
is about technical implementation aspects of your
security and that is an important technical aspect; it
is perfectly feasible to do, but it does make life more
complicated. You have to make sure you encrypt
everything when you store stuV and things like that
so that even if you mislay a disk it is not going to be
discoverable. I think there is a very complex
interaction between the bureaucracies of large
institutions and legislation in the context of IT, so

you end up with IT people wanting to do certain
things, the bureaucracy not knowing what is allowed
or not allowed and then having lawyers involved and
then everything gets completely risk averse and so the
only thing you are allowed to do is have it in a room
all by itself or something like that. I do not think that
is any fault of the legislation. It is just because when
you put those three groups of people together to
make a decision together the tendency is to be as risk
averse as possible, sometimes perhaps
inappropriately. In organisations which have a very
large amount of bureaucracy this becomes really
quite complex. I think that is what leads to, for
example, people saying that bureaucracy and its
interaction with data security is a hindrance. It is
because one gets kind of clouded up and confused.
One interesting aspect on the legislation which I think
it is worth bringing to your attention but in a very
diVerent context is that in the US they recently passed
a law that ensured that there was no discrimination
on the basis of your geno type, basically. I think that
is much more relevant in the US context where there
is not a public health service and so there is a lot more
conflict between patient, provider and employer and
insurance company than there is here in the UK, but
it is worth noting. That, I think, is a relatively well
thought-out piece of legislation in the context of the
US. I do not know whether it is appropriate here.

Q706 Lord Taverne: I want to follow up this
question. There is a tendency in this country for
excessive bureaucratic regulation. If one wants an
example of that it is the Home OYce regulation of
animal experiments, which I am sure Lord Winston
will agree with. Dr Collins from the UK Biobank told
us that his single biggest wish was to remove some of
the bureaucracy attached to accessing patient
healthcare records. Do you agree with that and, if you
do, does that not then lead to a certain conflict with
the demand for security?
Dr Birney: I think what is happening here is that one
has a large bureaucracy interacting with lawyers and
IT people at the same time and a tendency in that
meeting is for you to go to the least risky solution,
which is always very frustrating for the researchers
that have to do it. It is perhaps very inappropriately
risk averse. I think this is where what one needs is
leadership of showing how to do this in a best
practice kind of way. I think this is where an
institution that is charged to make this sort of process
successful can show leadership and show that it is
feasible and then other people in other institutions
can say, “Ah, well, they have done it like this and this
is the right way to do this”, and everybody will be
much more comfortable, even inside the current
framework. I think it is quite hard to influence the
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way bureaucracies work at the moment by saying,
“Please be less risk averse”. I think the way to
influence them is by having someone who solves the
problem and says, “Yes, you can produce a secure
database which is still accessible for researchers”. I do
not believe there is an inherent tension between
security and research. I think that is a misconception
of the problem. One thing that people often use is
what is sometimes called an honest broker, and that
could be a charge of an institution, that is, a group of
people who are charged simply to have full access to
his database and allow other researchers to mine that
database with them never actually having to handle
the full access, so they eVectively take a request for
research, they implement it against the database and
hand back the results and then the researcher is never
interacting with the personal individual level
database. That is one very naı̈ve solution to some of
these problems where you put a broker between the
researcher and the database. I hope that helps.
Professor Brookes: I will add a brief comment to that.
I do have sympathy with Dr Collins’ comments. I
have a colleague, Dr Van der Lee of the Netherlands,
where they have a very advanced electronic
healthcare system, and Dr Van der Lee’s work is very
much focused on using that information, going into
patient records, extracting patterns to discover new
knowledge from that information without going and
doing any wet work in the lab. He has great trouble
even in that environment getting hold of the data,
getting it organised, getting access to it and so on, so
I do not think it is only a UK problem. I think it is a
fundamental problem that probably has a lot to do
with the core question of making secure the
individual’s identity. That leads me on to another
point I would like to make, this idea of anonymising
individuals, the concept that somewhere in this future
database world we can anonymise people and feel
that that is a way to keep things secure. More and
more nowadays when I speak to biomedical ethicists,
legal people in this world, they tell me that it is
becoming a nonsense to think that we can anonymise
people because the genetic information is the
ultimate DNA fingerprint.

Q707 Baroness O’Neill of Bengarve: I am very
interested that you have raised these points, the three
of you, entirely in terms of security and not privacy.
Suppose we accept that you are entirely right that
encryption can deal with the security issues.
Nevertheless, back there we have legislation which
says that there has to be individual consent to the use
of data. How can the individual consent to the use of
data that the individual cannot understand and
therefore cannot give informed consent for it to be
used?

Professor Thornton: I think partly we do need to have
an education for the whole population in terms of
what these data are. That is a major challenge, I
agree. I think that most people are very keen to help
with understanding biology and health and if they
understand that by contributing their own
information they will make a contribution towards
improving the situation. Many people are involved in
clinical trials on that basis. I do believe that with
education this should be possible going forward. I
would like also like to reiterate the alternative point
that this is not just a UK problem; this problem is
common throughout all of Europe, and in fact of the
world at this point in time, and I think in a way this
is why we do need to address the ethical issues and the
privacy issues as well as the scientific research issues.
Ultimately, if people were sure that their data was
secure and not going walkabout then I think they
would be much more inclined to sign such consents.

Q708 Baroness Finlay of LlandaV: You have no
evidence that it is the reluctance of individual patients
or members of the public which is the obstacle?
Dr Birney: I think it is true that there is this
interaction. I am not an expert here. I know that some
people, more recent cohorts that have been brought
in, have tried to be very careful about very broad
consents but there is an interaction with legislation
which I genuinely do not understand and it is perhaps
worth looking at because I think many people have
the desire in that context to give very broad consents
in the context of research, of course, as long as the
data is only being used for research and as long as it
is secure. An interesting country here is Denmark
which has an opt-out system, not an opt-in system.
Some of the researchers in Denmark have access to
very broad population study data and seemingly the
Danish population is happy with that, at least from
our interactions with the scientists there, so I think
again it does not have to be that we have to have very
fine-grained consents and very fine-grained opt-in
legislation because I think the population is
supportive, but I do not think any of us is an expert
on this.

Q709 Lord Winston: IT tools are generally unstable
and genomic databases are constantly being
upgraded. How can we keep pace with these changes?
Is dedicated recruiting and funding necessary?
Professor Thornton: As you correctly say, there is a
constant change. You heard this morning that we
expect a whole new technology to come in in two or
three years. The only way to keep pace (in the way
that we do within EBI, because this aVects all our
data, all of the time within EBI), is to have dedicated
teams who know the biology and who are
professional IT people as well, and they have
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responsibility for certain sorts of data. I often think
of databases as plants. They need constant care and
attention; they grow organically and they need
pruning and they need everything that goes with that,
and so the idea that you can contract out and end up
with a system that would then work for the next 20
years in this field just is not possible. It really does
change rapidly. We see that all the time. We have
learned enormously at EBI. When we started we
tended to have grand schemes, but now we start with
something simple and we grow it as it changes. You
need the constant involvement that goes with it.
Dr Birney: This area about genomic instability, for
example, is really one of my team’s tasks. It is a
headache but it is a solvable headache. I just want to
stress that what we need to have there is people who
absolutely understand the data and what we are
trying to get out of it and will shift and move the data
from what we understood in the year 2000 to 2001
and you go slowly up. This is why this challenge is not
that one writes down a very long contract to
Andersen Consulting and they go oV and implement
it and it comes back. A good example would be
structural variation. There are big parts of the
genome that shift around and move. We did not
appreciate two years ago how much of that was
happening; no-one appreciated how much of that
was happening. We now do appreciate that and so as
well as the genome sequence improving there is an
entirely new concept about how we think about the
genome that we have to fold into the database and
keep track of. Although these problems are
challenging they are not unsolvable.
Professor Brookes: To my mind this question of IT tool
instability and the genome database is upgrading are
somewhat superficial issues because the underlying
information is not fundamentally changing; it is just
maturing, growing and evolving. I could draw an
analogy with the internet. There the web browsers are
changing all the time, the diVerent modes of
communication on the internet are changing,
computers are changing, but the community, the
public, still manage to download their music or their
files or send their emails or communicate and surf the
web. There is as much change in that world as there
is in the world that we are looking at here today. I
think the reason people keep up with it and it is not a
problem is that there is a community, the public,
which is very keen to keep up with it. They spend time
thinking about it and looking at it. I think the
problem we have especially with biomedical
informatics and partly with bioinformatics is that
there is not really a community there. It is a very new
field. There is not the funding, there is not the
expertise, and so it is trying to be born at the same
time as trying to keep up with a fast-moving field. The
last part of your question was specifically is dedicated

recruiting and funding required? I would say yes, that
is the major problem.
Lord Winston: Given all that and given the
complexity of the databases required, is there a case
for there being large commercial databases involved,
such as, for example, Google? Is there a case for that?
You raised it.

Q710 Chairman: In the USA we were told they are
thinking about it.
Dr Birney: I think there is absolutely the case for
commercial companies to be involved. In Google’s
area, I do not know if you know that the area that
they have in genomics is a kind of spin-oV of the wife
of the Google founder.

Q711 Lord Winston: I was using Google as a
paradigm. It does not have to be Google. It could be
Yahoo or whatever.
Dr Birney: It is a question about having dedicated
professional people. They can be sited inside of a
commercial company. There is a public goods and
services aspect of this infrastructure that needs to be
supplied by someone who is mandated to create that
infrastructure for public goods, so there is an
interaction with lots of diVerent commercial
organisations, but I do not think it is appropriate for
that kind of infrastructure to just happen from a
commercial organisation.

Q712 Chairman: How much does it cost you to keep
your databases updated?
Professor Thornton: Our running budget is ƒ45
million per year. Funding is a major issue still within
informatics for the EBI and this is because, of course,
there was no funding 20 years ago because there was
not a bioinformatics field. It is always diYcult with
new fields because there are not funding streams set
into place. Within Europe we have an ESFRI
(European Strategic Forum for Research
Infrastructures) project called EXLIR, which is
trying to address the funding for bioinformatics
within Europe and this is a major challenge for us
still. We only have half of our money secured. The
other half we have to raise externally and this is a
major challenge for services. Could I just make a
comment on the Google issue? I think the data,
because they are personal, are very important. They
are national data, and though not in the public
domain for privacy reasons, they should be owned by
the public. It is very important for the Government to
invest here and they should take the primary
responsibility for this. I believe we have seen the
advantage that having the genomic data in the public
domain has brought. These data need to be public but
secure, if you see the diVerence. Also, I think looking
after this data should be done by the UK
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Government. I think access to the data, feeding this
out to the hospitals, could well be something that
would involve partnership with industry but you
must have IT and domain knowledge and close
working. You cannot just farm out a contract and
think that it will be simple. It needs the community
and the clinicians. I would say we spend probably a
fifth of our time at EBI in community interactions
where we are talking to people who are using the data
and bringing it together and creating a community
that develops the standards that allow us to create the
unified databases and the exchange of data between
people. This is critical.

Q713 Baroness O’Neill of Bengarve: I just wondered
whether any of you had comments on the manpower
planning aspects of pruning databases constantly. Do
you have shortages? Do you have skills that you need
and cannot bring together?
Professor Thornton: There are now about 400 people
in the EBI. This has grown from a size of about 70
when it was started ten years ago, so this is a huge
expansion. We collect data, we look after it, we curate
it and add information and we distribute it. Those are
our three key essential components. For that you
need manpower, who understand the biology and are
interested in the informatics side, and frankly these
people are the leaders. They are the people who have
the overall strategic vision about how to design the
data resource and how it is going to be used, et cetera.
To make it happen you need the professional IT
people who very often do not understand the
biological data. They understand how to create a
database, how to keep it up to date, and it is the
merging of these aspects that is critical. At EBI I
would say more than half of our staV are professional
IT people.

Q714 Chairman: But is there a shortage of any of
your staV, not just for you but for the wider
community?
Professor Thornton: Yes, I think there is a shortage. I
would also like to stress this diVerence between
bioinformatics and biomedical informatics. As for
the medical aspects, the delivery to the clinicians and
the hospitals, I think there at the moment there is not
such a strong community. There is shortage. Like
everybody else, at EBI we are European so we recruit
very widely. We have 44 nationalities within the EBI.
We really struggle to recruit people. It is always a
struggle and this is always true in emerging fields that
you gradually build up a cadre of people who are
experts, and you need a research base as well.

Q715 Baroness Finlay of LlandaV: Just listening to
you, I have been wondering whether there is a crisis
of confidence in the governance systems around some

of these databases that have been held to date,
particularly the concept of clinical records, and with
diVerent governance systems it brings an
incompatibility at the data handling level. I should
perhaps declare an interest, being from Wales, but I
wonder if you have any comment or knowledge of the
Welsh Informing Healthcare project and the
governance systems around that which go directly
through the Assembly and are managed through the
Assembly and are linked to clinical database for
cancer across Wales which possibly, maybe because
of the small scale of the country, allow some of the
problems to be more manageable than they are on a
UK level or a European level.
Professor Thornton: I should say that I am not aware
of the Welsh Informing Healthcare. The problems
you describe I think show the gap, between the
bioinformatics and the biomedical informatics at one
level. I also think if you look in the US at the NCBI,
which is our equivalent in the US, it is funded by a
direct subvention from Congress. This is therefore
funded at the very highest level and they have a
mandate about what they do there which overrides
the biases of individual clinicians or individual
researchers or individual hospitals. I think it is at that
level that we really need strategic planning to allow a
coordination approach to happen. This is why, if you
start oV with the research needs, you can cope with
them at the beginning in a given area, and then you
roll it out once you have shown that you can handle
the data for smaller areas or smaller districts or
whatever.
Dr Birney: I would just like to add that certainly I
think the most successful groups so far in bringing
health records closer to research have been in smaller
countries—Denmark, Finland, Sweden.

Q716 Lord Winston: Iceland.
Dr Birney: Iceland, and there you do get a far smaller
set of people that you have to get into the room and
a far smaller set of hospitals and IT systems. The UK
is neither huge or tiny at the moment. It is the next
step up from a system such as the Iceland scenario or
the Denmark scenario. I personally feel that there is
an aspect here of leadership and being dedicated to
the job of solving this particular task and I do not
think anybody feels that it is their responsibility to
make that happen.
Professor Thornton: I think the positive outcome from
genomics research is absolutely clear at this time,
(nobody would disagree with that), and I think that
the clinical relevance will come in time.
Professor Brookes: I think what we are really talking
about here is how to ensure as we build these systems,
one or many unified databases all joined up, that they
all work together at the end. What we are saying is it
is a small country, a small group of people; that is
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much more doable. But we are not a small country.
Indeed, when we looked around for partners for the
Gen2Phen consortium one of the problems we had
was that pretty much all the groups we wanted to
have involved were from the UK and yet the
European Union expects you to have groups from
across Europe, so that was part of the problem for us.
We are very strong in the UK. We have had a lot of
people working on these issues, so how do we ensure
that what they all build connects together at the end?
There are two approaches to that. One is to have a
sort of enforced, top-down approach, where a
monolithic, all-powerful organisation dictates how
everyone should build their systems. I am afraid that
there is so much R&D, innovation, still required in
field that that is just not going to work. You need to
tap into the expertise and the ideas that come from
the grass roots, but if you try to let it just form itself
naturally from the grass roots it will be a mess, it will
be chaos. That is why I would like to reflect back on
another point you made earlier, that in our view the
best model is to have an organisation, a
bioinformatics centre or institute that leads the way
but does not dictate, and then work with the rest of
the community to tap into their expertise and their
invention. Then you can build something, I think,
where everyone is happy.

Q717 Lord Colwyn: To what extent do we have the
structures in place for the utilisation of genomic data
for healthcare decisions? As an example I am
thinking of breast cancer screening programmes
where the age at which screening could be started
might be influenced by genetic tests.
Professor Thornton: I think probably none of us is
expert is in this area. My perception is that we do not
have those mechanisms in place at the moment.

Q718 Lord Colwyn: In that case I am going to ask
you who should take responsibility for this.
Professor Thornton: I think I would come back to our
original suggestion, which would be that there has to
be somebody responsible for this possibly in a new
institute. There are diVerent sorts of people who want
to do this. In terms of the training, I do not even
know how GPs and clinicians are retrained. There
presumably is a mechanism within the Health Service
for that sort of group training. I do not know if
anybody else would like to add anything.
Dr Birney: I do not think any of us are direct experts
but I think there is a missing piece here which is
genuinely translational, which is somewhere between
NICE and a drug trial, which is, what is the best
practice in using genetic information? What we have
at the moment is a lot of associations and aspects to
disease coming out of the research community. What

we do not have is a process which takes those and
says, given the scenario where someone walks in with
high glucose and he has this kind of geno type, “This
is the best practice, to do it this way”. That is kind of
analogous to a drug trial or a NICE exercise about
best practice by clinicians, but it is about genetic
information, it is about how one best uses genetic
information, and there is a process that has to happen
there and then the results of that process must
eventually end up in a database, because it is not a
drug that you give out; it is a kind of “Do this” kind
of set-up. I think there are people who could describe
the research process of that far better but this comes
back to this idea that one aspect of biomedical
research and biomedical informatics is storing the
results of that kind of activity. I feel that is a missing
component in the scheme here. It is also interesting to
note that every country is faced with the same task
just as every country is faced with the same kind of
FDA drug trial aspects, and so there is an
international aspect to that, that you do not want
that group to be doing it with an entirely UK
perspective. They have to be connected to the same
activity happening in other countries because you do
not want to be ineYcient, so there is another kind of
aspect to that.
Professor Brookes: I think perhaps some insight into
this partly because I have spent much of my career in
trying to discover these genetic variations and have
tried to look at how they could be used in a clinic and
especially doing that by the Gen2Phen project now.
That is one of our missions, to see how this
knowledge can get to the patient’s bedside. I will have
to start by saying that the example you gave, the
breast cancer diagnostic where you do a genetic scan
of some sort and then decide you should test at an
earlier age, and most other situations with common
disease, complex genetics, are not going to be much
use in the clinic, at least with the current state of
knowledge. I think we have to be honest about that.
But that is only one end of the spectrum as I said at
the start of this hearing. The other end of the
spectrum are the Mendelian type of causative simple
genetics and, as I said, they do impact on a significant
fraction of common disease such as breast cancer.
Several per cent have a Mendelian form of breast
cancer or colon cancer and so on, so your example
that you gave would not be the one that I would take
to say there is not a use for this but there are other
cases where it can be used. Do we have the systems in
place to make it work? Obviously not; otherwise it
would be working today. I think the problems are
throughout the system. The research world does not
have the data organised in the right way and
presented in the right way for the clinical world to use
it. The clinical world is not set up to make use of it
and I think that is not necessarily, just focusing on the
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medical practitioners, the doctors, the nurses; I think
it is the whole hospital management, the diagnostic
labs, the whole process of medical care. How do we
improve on that? I think you need to train that whole
cadre of people and so there is a big gap there, I think.
Going back to an earlier comment, if we do not fix it
now you can be sure the big companies will come in
and look for ways to exploit the situation. They are
already doing that, indeed, with direct-to-consumer
genetic testing for context disease. They are doing it
because there is a big need for that. At an
international meeting series I run every year we just
two weeks ago held a public debate on this issue and
we asked the audience again after two hours of
discussing the pros and cons of this kind of testing

and what it can actually tell you about your health
risks and so on, and something like 20 per cent of the
audience still were willing to have the test done for
$300 a throw, just because they were curious. There is
a massive call from the public to have this kind of
testing done, to have this kind of knowledge used for
their healthcare, but the healthcare system in the
research world is just not serving them.
Chairman: Thank you very much indeed. Thank you
all for coming today to help us with this. It has been
very helpful. If, as I said to the last group, you have
further thoughts about any of the questions or
further information that you would like to submit,
please feel free to do so and it will be part of the
oYcial evidence.
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Memorandum by Roche

Introduction

1. Roche welcomes the House of Lords Science & Technology Committee’s inquiry into genomic medicine
and the opportunity to contribute to it.

2. Headquartered in Basel, Switzerland, Roche is one of the world’s leading research-based healthcare groups
in the fields of pharmaceuticals and diagnostics. As the world’s biggest biotech company and an innovator
of products and services for the early detection, prevention, diagnosis, and treatment of diseases, the Group
contributes on a broad range of fronts to improving people’s health and quality of life.

3. Roche is the world leader in in-vitro diagnostics and drugs for cancer and transplantation, a market leader
in virology and active in other major therapeutic areas such as autoimmune diseases, inflammation and
metabolic disorders. The group employs about 79,000 people around the world. Further information is
available at www.roche.com.

4. Roche has R&D agreements and strategic alliances with numerous partners, including majority ownership
interests in Genentech and Chugai, and invested over eight billion Swiss francs in R&D in 2007. We are
systematically using the growing understanding of the human genome to develop personalised healthcare and
are committed to the significant eVort and investment that this requires, as evidenced by the recent acquisition
of Ventana Medical Systems Inc.

5. Given our interest in genomic medicine, our submission focuses on the following points:

— personalised healthcare—what it means in reality and the potential benefits for patients, healthcare
systems and the healthcare industry;

— the public policy framework—the issues that need to be urgently addressed if these advantages are
to be fully realised, including access to clinical samples, pricing and reimbursement, assessing existing
therapeutic agents, and public private partnerships; and

— the United Kingdom as a leader—the UK has several unique characteristics that oVer the potential
to capitalise on developments in genomic medicine and obtain a competitive advantage if the issues
identified above can be addressed satisfactorily.

What is Personalised Healthcare?

“The Personalized Health Care Initiative will improve the safety, quality and eVectiveness of
healthcare for every patient in the US. By using “genomics”, or the identification of genes and how
they relate to drug treatment, personalized health care will enable medicine to be tailored to each
person’s needs.”1

United States Department of Health and Human Services

6. “Personalised healthcare” is a broad term which can be used to describe a wide variety of diVerent
approaches designed to tailor diagnosis and treatment more closely to the needs and convenience of the
patient. In the context of molecular medicine, it refers to the study of the human genome and how its diversity
may impact on the way in which individual patients are likely to respond to diVerent therapeutic agents. Using
this information, as elucidated by specific diagnostic tests, it may be possible to tailor treatments—to meet the
1 http://www.hhs.gov/myhealthcare



Processed: 29-06-2009 20:55:48 Page Layout: LOENEW [O] PPSysB Job: 422830 Unit: PAG1

359genomic medicine: evidence

genomic profile of patients belonging to specific stratified groups. Indeed, Roche believes that to facilitate
future progress in medicine, advanced diagnostics will play a vital role in medical decision making regarding
the treatment options available.

7. Personalised healthcare is expected to have a number of significant benefits for patients, including more
specific and earlier diagnosis and increasing the eYcacy of treatment, while reducing the incidence of adverse
reactions and side eVects. It also results in the more eYcient and cost eVective use of resources by the healthcare
system. This approach promises considerable advantages for the healthcare industry as it delivers new
technology specifically targeted at meeting recognised patient needs. It will provide clinically diVerentiated
medicines that take the diversity of disease states into account based on increasing knowledge and more
sophisticated technology, including the opportunity for companion diagnostics to guide treatment decisions.

8. It is important to note that the concept of personalised healthcare is not new. For example, blood glucose
testing has been used by people with diabetes for several decades to ensure they administer the right dose of
insulin. However, as our knowledge of human biology has increased through initiatives such as the human
genome project we have been able to develop new diagnostics and medicines based on growing understanding
of the molecular basis for disease and the patient’s likely response to treatment. A key challenge is to create
incentives to encourage eVorts to translate this knowledge into clinical practice.

9. It is also equally important to manage expectations. Personalised healthcare holds great promise for
patients and healthcare systems, but discovering and developing novel biomarkers and medicines is a very
complex and time consuming undertaking. It is also very unclear how medicines and companion diagnostics
aimed at stratified patient groups will be rewarded in the marketplace and what the potential return on
investment will be once the new technology is launched. This is particularly relevant in markets which already
have a poor record regarding the uptake of new technology, either for reasons of access to funding or clinical
conservatism.

Herceptin—Personalised Healthcare in Practice

— Herceptin was approved by the US Food & Drug Administration in 1998 and by the European
Commission in 2000 and more recently for use in early stage breast cancer.

— Herceptin is the first oncongene-targeted breast treatment with proven survival benefits. It was
designed specifically to target the HER2 protein, which is associated with aggressive cancer cell
growth. Around 20% of women with breast cancer test positive for the HER2 gene.

— Before beginning treatment, patients are required to be tested for their HER2 status. Clinical trials
have shown that “HER2-positive” individuals receiving Herceptin experience substantial
improvements in survival and quality of life as compared to treatment with conventional
chemotherapy alone.

— Herceptin is a practical example of how diagnostics can be used to guide targeted treatments to
deliver personalised healthcare and improve patient outcomes.

The Public Policy Framework

10. These issues, both positive and negative, raise some critical questions for both Governments and the
healthcare industry as they seek to harness the benefits of genomic medicine for all. Sir David Cooksey
addressed some of these points in his report A Review of UK Health Research Funding2, which made some
important observations about the future framework for health research in the United Kingdom. We
particularly welcomed his recommendations regarding the OYce for Strategic Co-ordination of Health
Research (OSCHR); creating “a stronger culture” in favour of research in the NHS; and encouraging greater
collaboration between the public, private and charitable sectors.

11. We also welcome the comments made in the Department for Innovation, Universities and Skills white
paper Innovation Nation3 which places heavy emphasis on the role of government in creating the conditions
for innovation to flourish, including the areas of driving innovation through public procurement and helping
to overcome barriers to business innovation. We also look forward to the publication of the government
strategy for Science and Society in the autumn.
2 A Review of UK Health Research Funding Sir David Cooksey December 2006
3 Innovation Nation Department for Innovation, Universities and Skills March 2008
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12. However, there are several critical issues that remain unresolved which are directly relevant to genomic
medicine and the development of personalised healthcare:

13. Biobanks There is a lack of high quality clinical samples available for research purposes. There are some
very promising examples including the EUDRAGENE initiative but the size and number of biobanks still
needs to be expanded considerably. In our experience it can also be diYcult for the commercial sector to
interact with biobanks, and there is often very little focus in their remit for pharmacogenetic investigation. The
pharmaceutical industry is actively engaged in establishing specimen repositories with a particular emphasis
on clinical (treatment) outcomes, and an environment that facilitates these eVorts will be crucial to their
success.

14. The relative technical requirements and ethical procedures involved in the collection and use sample also
need to be clarified to enable commercial users to gain access on the same terms as academic users. The UK
Biobank is one of the more flexible institutions in this regard and we believe this is a real competitive advantage
for the UK. We would also argue that genetic information should be treated with the same degree of care as
any other medical information and should not be treated diVerently.

15. Pricing & Reimbursement There is significant uncertainty concerning the impact that using biomarkers
will have on research and development and ultimately on the return on investment when a product is launched.
Patient stratification clearly has the potential to limit the use of a new pharmaceutical to a smaller sub
population of patients, and therefore has the potential to influence the commercial return.

16. However, it also means that the product will be more eVective in this subgroup than in the wider
population. In this situation, how can the value of a more targeted medicine be captured in the price? Sir David
Cooksey’s suggestion regarding conditional licensing for new products aligned to NHS priority areas oVers a
possible solution—but by definition it is restricted to certain therapeutic areas.

17. Roche believes it is our responsibility to identify the specific patient groups where our drugs are most
eYcacious. However, the current environment oVers insuYcient incentives to develop medicines for stratified
patient groups. We believe a new model is required consisting of flexible pricing for personalised medicines
and intellectual property protection and value based reimbursement for both targeted drugs and companion
diagnostics. The traditional reimbursement mechanisms for diagnostics neither reflect their increasing R&D
costs nor the value they deliver to healthcare—a situation that is likely to become even more acute as
personalised medicine develops.

18. The National Institute for Health & Clinical Excellence (NICE) has been involved in assessing a large
number of innovative new pharmaceuticals since it was established. As personalised healthcare develops, we
believe NICE should adopt a cost per QALY “premium” for medicines that can be used in clearly defined sub-
groups, which would allow for greater flexibility at the margins and enable treatments for metastatic disease
to be more accessible to the patients who could benefit from them. Cost-per-QALY calculations should be used
as tool to help inform the appraisal process, not a rule to determine appraisal decisions alone. The correct
balance may not have been found in ensuring health service eYciency and promoting equity, a core value of
the NHS, making the principle of transparency in decision making even more important. It is critical that
clinical freedom is not compromised as new medicines are assessed and so negatively impact the patient
experience.

19. The Pharmaceutical Price Regulation Scheme (PPRS), which is currently being reviewed, should also be
considered in this context. It is worth noting that the UK is amongst the slowest in Europe for adopting new
medicines, even after such medicines have been approved for use by NICE. We believe that any successor that
is developed to replace the current system must be allowed to remain in place for suYcient period of time, to
allow the industry to adjust to the changes and enable them to plan ahead in a more stable environment. Roche
supports the recommendation of the OFT report and the concern that the current scheme fails to reflect the
therapeutic value of the drugs that companies are supplying to the NHS.

20. Existing Therapeutic Agents The current environment also acts as a major disincentive to undertake
further research into the existing pharmacopeia in order to stratify patient populations with regard to their
eligibility for existing medicines in order to increase eYcacy and reduce adverse reactions. There is an
increasing body of knowledge available—some of it dating back well over 30 years—about the impact that
variations in certain genes can have on drug metabolism.

21. A good example concerns the cytochrome P450 family, the most important class of drug metabolising
enzymes. Despite the weight of evidence that links DME gene polymorphisms to variability in drug response,
comparatively little has been translated into clinical practice—a point highlighted in the Royal Society’s report
on personalised medicines published in 2005.4 However, there are no commercial incentives for the
pharmaceutical industry to invest in stratifying target patient populations for medicines for which pricing has
4 Personalised Medicine: hopes and realities Royal Society September 2005
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been fixed, or for those that are oV patent where there is no or very little return on investment likely to be
forthcoming.

22. A more flexible system of price setting in situations where stratification parameters allow for more
targeted, more eVective, but—as a result—lower volume prescriptions would be a strong incentive for the
industry to continue post-marketing eVorts in generating personalised healthcare data. Intellectual property
protection for biomarker-based, targeted use of oV-patent medicines may be another such incentive.

23. It is also important to note that there are inadequate mechanisms available for assessing the clinical and
cost eVectiveness of diagnostics used independently of therapeutics. NICE does not feel its current procedures
allow it to assess this kind of technology eVectively and the other methods available such as the NHS R&D
Health Technology Assessment programme do not fulfil the same role. As a result, the health service is not
consistent in the way that it uses new diagnostic technology and this can have an impact on both patient care
and the use of resources.

24. This is particularly relevant in the case of personalised medicine. If a new biomarker is identified that can
provide information on the way in which individual patients are likely to respond to a therapeutic agent and
help to identify the patient group that is likely to have the best response, there are no clearly established
procedures currently in place to assess the potential benefits for patient care or the use of health service
resources unless it is linked to the launch of a new therapeutic.

25. In keeping with our previous recommendation, we suggest that new models need to be considered to
ensure that our expanding knowledge of the human genome is used to its full potential with existing as well
as new products. There is enormous opportunity to improve the use of existing medicines in order to benefit
patients and the wider healthcare system. One option would be to increase the research and development
funding made available from public or charitable sponsorship for this purpose given the public interest
involved, or the greater use or public private partnerships.

26. Public Private Partnerships There is increasing support from both the public and private sectors for
greater collaboration in the research and development pathway. This point was made very clearly in A Review
of UK Health Research Funding, which called for “a renewed partnership with industry and the wider research
community to meet current and future health challenges.” This point has also been made frequently by a wide
range of stakeholders at a series of events attended and organised by Roche in recent years, including the
Academy of Medical Sciences forum on optimising stratified medicines research and development held in
2007.5 We strongly support this view as a means for addressing many of the issues raised above. An existing
example of this concept in action is the Innovative Medicines Initiative.

The Innovative Medicines Initiative (IMI)

— The IMI is a unique initiative which has been developed jointly by the European Commission and
the European Federation of Pharmaceutical Industries and Associations (EFPIA) to fund European
public private partnerships in biomedical research.

— The IMI will have a total budget of 2 billion euros, half of which has been made available by the
European Commission under the auspices of the 7th Framework Programme for Research (2007–13)
and half of which comes from pharmaceutical industry as in-kind contributions, for example by
providing research facilities, staV and materials.

— The research grants will be awarded to public sector organisations and small and medium sized
enterprises. The first calls for proposals are being invited this year, and it is hoped that the first
projects will begin in the second half of 2008.

— Further details can be found at www.imi-europe.org

The UK—Untapped Potential

27. We believe the UK is uniquely well placed to capitalise on the development of genomic medicine for a
number of key reasons:

28. The structure of the National Health Service means that it is exceptionally well placed to collect and
analyse data on public health and health outcomes. The NHS National Programme for IT can play a key role
in helping deliver this promise—the patient informatics databases being developed have enormous potential
for collecting and analysing data which can be used to assess the clinical eVectiveness of diVerent treatments.
5 Optimising Stratified Medicines R&D: addressing scientific and economic issues Academy of Medical Science Forum 2007
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29. Until they are fully operational, the General Practice Research Database (GPRD) oVers some alternative
information. It is the world’s largest computerised database of anonymised longitudinal medical records from
primary care and is currently collecting data from over 3.4 million active patients. However, it is very limited
in its ability to support the development of personalised healthcare in this context.

30. The National Institute for Health & Clinical Excellence (NICE) has developed considerable strengths in
evaluation which can be used to support the development and delivery of targeted medicines and companion
diagnostics.

31. A Review of UK Health Research Funding has set out a framework which has the potential to encourage
greater collaboration and support greater innovation, particularly in the areas of translational medicine and
encouraging a climate in favour of research in the NHS.

32. However, it is essential that the points in the previous section are addressed if this competitive advantage
is to be used to its full potential.

Conclusion

33. Our submission has focused on the areas where we believe our experience as the world’s biggest biotech
company has given us particular insight, and trust our comments are a useful contribution the Science &
Technology Committee’s inquiry. We would be very pleased to clarify any of the points made or to provide
further information on request.

21 April 2008

Memorandum by the Association of the British Pharmaceutical Industry (ABPI)

Key Points

1. Pharmaceutical companies have been investing in genomics and genetics over the last two decades to help
aid the discovery and development of new medicines, with the objective of getting the right medicine, to the
right patient, at the right time.

2. Companies are investing in two areas:

— first, in genomics—that is the characterisation of DNA and RNA6—to understand the underlying
causes of disease to identify potential new targets against which drugs can be developed; and

— second, through understanding genetic variation6 of patient populations it is possible to: identify
susceptibilities to disease; identify those likely to respond to a specific medicine by knowledge of the
underlying cause; and understand how particular patients metabolise medicines in order to identify
the appropriate dose to improve both safety and eYcacy.

3. Genomic markers are one type of biomarker used in drug discovery and development and, indeed, in
targeting of medicines to patients. Others include proteomics—the study of the proteins produced by an
organism—and metabonomics—the study of metabolic response of cells to disease and subsequent impact
following treatment—also provide biochemical markers, and alongside physiological (physical) markers, such
as blood pressure, are routinely used in clinical application.

4. If patients are to see the benefit of “genomic medicine”, then six interacting areas need to be connected:

— emerging science and technology;

— eVective business models for the development and (especially) validation of new genomic markers;

— the regulatory environment, covering medicines (MHRA and EMEA) and health technology
assessment (NICE), should encompass other technologies including diagnostics and clinical
imaging;

— clinical application, including available technologies and appropriate training;

— e-Health (including incorporation of diagnostic alongside therapeutic information; utilisation of
patient electronic records to help inform R&D priorities); and

— health economics to ensure evaluation, payment and incentive structures support use.

5. There is a significant amount of relevant investment across Government, the pharmaceutical industry and
key stakeholders: in the UK, the ABPI works closely with OSCHR7, the Translational Medicine Board and
relevant Research Councils; in Europe the industry has established a joint undertaking with the Commission
6 Definitions For Genomic Biomarkers, Pharmacogenomics, Pharmacogenetics, Genomic Data and Sample Coding Categories ICH

E15 (Step 5 Implementation), 1 November 2007, http://www.ich.org/cache/compo/276-254-1.html
7 The OYce for the Strategic Coordination of Healthcare Research
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called Innovative Medicines Initiative8; and in the USA many companies are engaged with the Critical Path
Initiative9, led by the FDA. Genomic medicine is one component of these initiatives, which seek to address
all the bottlenecks and scientific hurdles in drug discovery, development and targeting.

Introduction

6. The Association of the British Pharmaceutical Industry (ABPI) is the trade association for more than 100
companies in the UK that research, develop, manufacture and/or supply more than 80 per cent of the
medicines prescribed through the National Health Service (NHS).

7. The ABPI is an active partner with Government to secure the provision of safe and eVective medicines for
patients, to maintain and strengthen the UK pharmaceuticals industry within Europe and globally, and to
advance healthcare innovation within the NHS.

Genomics, genetics, pharmacogenomics and pharmacogenetics

8. The terms genetics and genomics are often used inter-changeably, even amongst academics and regulators.
Useful definitions can be found under ICH10. Wikipedia has more detailed explanations of the underlying
science.

— Genetics is the science of heredity and variation in living organisms11.

— Genomics is the study of an organism’s entire genome12 (both DNA and RNA).

— Pharmacogenetics10 is usually considered to be the study of variations in DNA sequence as related
to drug response; this includes clinical research into genetic variation that underlies diVering
responses by patients to medicines13.

— Pharmacogenomics10 is the broader application of genomic technologies (encompassing both DNA
and RNA) to drug response14.

9. Pharmaceutical companies are actively involved in pharmacogenetics and pharmacogenomics in the
identification of drug targets, as well as drawing upon the underlying sciences of genetics and genomics.

10. For the purposes of this inquiry, we understand that genomic medicine encompasses both
pharmacogenetics and pharmacogenomics, from discovery to clinical research and application.

Stratified or “Personalised” Medicines: the right patient, the right medicine, the right time

11. Every pharmaceutical company wants to develop medicines that treat disease eVectively with minimal side
eVects. Genetic and genomic markers are part of the array of tools that can be used to achieve this goal. If the
ABPI vision of the right patient, the right medicine, the right time is to be realised, then we need to bring
together the emerging science, high-level skills and enabling technologies, coupled with developing the
appropriate clinical and regulatory environments for delivery.

12. The ABPI is working with other stakeholders on a strategy for UK bioscience, and most importantly
patients, to benefit from stratified medicines. The elements of this strategy are highlighted in Figure 1.

13. The ABPI believes that through the auspices of OSCHR, its supporting groups and the Technology
Strategy Board, and through its participation in the IMI, the UK has an exceptional opportunity to realise
the benefit of stratified medicines. We recommend that this could be pursued through several routes, including
the creation of an Innovation Platform15 by the Technology Strategy Board, co-sponsored by the Department
of Health and DIUS, something we have begun to discuss with the TSB.

8 http://www.imi-europe.org/
9 http://www.fda.gov/oc/initiatives/criticalpath/
10 Definitions For Genomic Biomarkers, Pharmacogenomics, Pharmacogenetics, Genomic Data and Sample Coding Categories ICH

E15 (Step 5 Implementation), 1 November 2007, http://www.ich.org/cache/compo/276-254-1.html
11 http://en.wikipedia.org/wiki/Genetics
12 http://en.wikipedia.org/wiki/Genomics
13 http://en.wikipedia.org/wiki/Pharmacogenetics
14 http://en.wikipedia.org/wiki/Pharmacogenomics
15 http://www.innovateuk.org/ourstrategy/innovationplatforms.ashx
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Figure 1

ELEMENTS OF AN INTEGRATED STRATIFIED MEDICINES STRATEGY
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Response to Specific Questions

Policy Framework

Who is in charge of setting and reviewing policy in this area?

Who provides scientific advice on policy development? Who monitors and anticipates potential scientific developments
and their relevance to future policy? How effective are these mechanisms?

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

How does the framework compare internationally?

14. Genomic medicine covers a wide range of healthcare applications and as such, policy setting is, and should
remain, an activity undertaken by a range of stakeholders. The challenge is therefore integration.

15. The OYce for the Strategic Coordination of Healthcare and Research (OSCHR) and its Translational
Medicine Board is the obvious point of leadership and coordination for translational medicine R&D policy,
of which genomic medicine is a part. Other players include the Wellcome Trust and Research Councils.

16. On the whole, the current regulatory and advisory framework is good—the use of pharmacogenetic
information to improve the risk: benefit profile of a drug is beginning to be recognised by drug regulatory
agencies around the world and the ICH16 have agreed definitions to facilitate further eVorts in this arena
which have already been transposed into regional guidelines of the EU, US and Japan.

17. There are a number of stakeholders interested in the regulatory framework, for example: the
pharmaceutical and diagnostic industries, key bodies such as the Academy of Medical Sciences, MHRA, the
Department of Health and the NHS itself.

18. For the future, an integrated regulatory framework for the co-development of a medicine with a diagnostic
or predictive test should be a priority.

19. The pharmaceutical and diagnostic industries are global. Any regulatory developments should be
considered in this context and vehicles such as ICH used to develop agreed, internationally recognised
regulations. Pharmaceutical companies and regulatory agencies from around the world contribute
collaboratively through the ICH process.

20. Pharmaceutical companies constantly develop their policies in light of the evolving social, ethical and legal
environment. Such policies need to be global in application and respect national and regional diVerences in
ethics as much as possible. All pharmaceutical companies support the concepts of free and fully-informed
consent as a framework for requesting donation of samples during clinical studies.

21. The NuYeld Council on Bioethics produced a report called “Pharmacogenetics: ethical issues”17 in 2003
that provides a good summary and recommendations from the situation at that time and its discussions and
conclusions remain relevant today.

22. It should also be remembered that pharmaceutical research is carried out to the strictest guidelines
including research ethics committees and legislation such as Clinical Trials Directive that enshrine Good
Clinical Practice into regulatory requirements. Additionally, in the UK the Human Tissue Act and the Data
16 Definitions For Genomic Biomarkers, Pharmacogenomics, Pharmacogenetics, Genomic Data and Sample Coding Categories ICH

E15 (Step 5 Implementation), 1 November 2007, http://www.ich.org/cache/compo/276-254-1.html
17 http://www.nuYeldbioethics.org/go/ourwork/pharmacogenetics/publication 314.html
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Protection Act provide additional frameworks for good practice. We do not believe therefore that further
regulation is required, but companies continue to seek out new and evolve existing good practices in all aspects
of their genomic and genetic research.

Research and Scientific Development

What is the state of the science? What new developments are there? What is the rate of change?

23. The sequencing of the human genome in 2001, led to significant hope that this would bring a rapid change
in treatment of patients with debilitating disease. In reality this was only a step in the process of moving
towards the application of genomic medicine. Many companies had already invested heavily during the 1990’s,
utilising genomic research to help identify the underlying causes of or susceptibility to disease.

24. Since that time a number of medicines have been developed that target specific genetic profiles of patients,
such as Herceptin and Gleevec, yet these are based on single gene disorders. The major step-change will be
integrating genetic (eg single nucleotide polymorphisms (SNPs)) and other biomarker information to allow
stratification of populations. This is not, however a trivial task as it requires an understanding of the
interaction of multiple genes, their protein products and of drug metabolism and how this relates to patients
in the clinical environment.

25. However, advancements in pharmacogenetics are clearly reflected by the increasing number of drug labels
that now include validated genomic biomarkers markers as an integral component of prescribing information
for a range of indications including HIV, cancer, psychiatry, cardiovascular and hypertension. Examples
include the labelling for Kivexa (abacavir) and other abacavir containing products due to the risk of abacavir
hypersensitivity reaction18. The FDA has produced a “Table of Valid Genomic Biomarkers in the Context of
Approved Drug Labels”19.

26. Emerging platform technologies, including diagnostics and imaging, analytical methodologies and
clinical trial design are all important in developing genomic medicine into the clinic. Such changes are part of
an evolutionary process rather than a revolution. Genomic medicine is one piece of the jigsaw in delivering
stratified medicines to patients and added value for healthcare systems.

27. The application of genomic medicine will undoubtedly accelerate when whole genome sequencing
becomes rapid and aVordable; a number of companies have a goal of providing a whole genome analysis for
less than £500 per person.

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

How effective is the policy and investment framework in supporting research in this area?

How does research in the UK compare internationally? How much collaboration is there?

What are the current research priorities?

28. Innovation in the whole healthcare sector is clearly high on the Government agenda. The ABPI had a
substantial input into the review led by Sir David Cooksey on UK Health Research in 2006 and has already
contributed strongly to Lord Darzi’s Health Innovation Council and his recent review of the NHS. These are
important initiatives that will contribute to making the UK a more innovative home market for biomedical
advances, if concrete proposals emerge to stimulate innovation across the NHS.

29. In particular OSCHR has a key role to play, overseeing and coordinating healthcare research strategies
across the National Institute of Healthcare Research (NIHR) and the Medical research Council, as well as
other stakeholders such as the Technology Strategy Board. OSCHR has only just started its work, but
momentum must be maintained.

30. Any initiative must embrace particular UK strengths and opportunities, such as Biobank and Connecting
for Health, and develop initiatives that complement international eVorts. In particular companies are already
engaged with the European Innovative Medicines Initiative20 (along with UK research institutions) and the
FDAs Critical Path21 and will not wish to duplicate investments across the globe.
18 http://emc.medicines.org.uk/
19 http://www.fda.gov/cder/genomics/genomic biomarkers table.htm
20 http://www.imi-europe.org/
21 http://www.fda.gov/oc/initiatives/criticalpath/
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31. In genomic medicine there are two broad priorities:

— first, in genomics—that is the characterisation of DNA and RNA22—to understand the underlying
causes of disease to identify potential new targets against which drugs can be developed; and

— second, through understanding genetic variation22 of patient populations it is possible to: identify
susceptibilities to disease; identify those likely to respond to a specific medicine by knowledge of the
underlying cause; and understand how particular patients metabolise medicines in order to identify
the appropriate dose to improve both safety and eYcacy.

What is the role of industry? How much cross-sector collaboration takes place?

32. Pharmaceutical companies already play a vital role in genomic medicine. Analysis of genetic information
is routinely undertaken throughout the drug discovery and development pipeline. Cross-sector collaboration
is extensive, both nationally and internationally and collaborations also exist in the form of public-private
partnerships, perhaps the best known of these being the SNP (Single Nucleotide Polymorphism) Consortium,
established in the late 1990’s, that helped map 1.5 million SNPs and included 13 pharmaceutical and
technology companies. More recently the International HapMap project is mapping SNP variation across
the world.

33. More recently research programs that focus on serious drug-related adverse events (eg LQT,
hepatotoxicity, Stevens Johnson Syndrome) that occur within or across various classes of pharmacological
agents have been initiated through collaborative ventures such as the International Serious Adverse Events
Consortium, a consortium of pharmaceutical companies, academic institutions, and the FDA.

34. The UK is developing its collaborative framework. Although collaborative research between industry and
academe has historically been strong in the UK, an ABPI survey has noted the volume of collaborations has
declined between 2003 and 2007. The reasons for the decline in UK collaborations are complex and include
escalating cost, increasing international competition for research funds, diYculty in contract negotiation and
lack of incentives available for academics to collaborate more closely with industry. If the UK is to have the
best chance to lead in genomic medicine, these issues should be addressed.

Data Use and Interpretation

Is genomic information published, annotated and presented in a useful way? Should there be a common, public database?
If so, who should fund, and have responsibility for, such an initiative?

Who should provide the framework for optimal evaluation of data and translational opportunities? What policy and
funding mechanisms are in place for recognising and utilising potential opportunities?

Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How should
genomic data be brought together with other health information?

35. Genetic information, including annotated sequences and SNP maps are held in a number of publicly
available databases. The Human Genome Project, the SNP Consortium and HapMap Project have developed
consistent standards that are transparent and quality checked.

36. In the UK there are a number of initiatives that could prove useful: Biobank; and Connecting for Health,
the NHS electronic records initiative that has an objective and advisory group on utilising data within a clear
ethical framework.

37. OSCHR and its Translational Medicine and e-Health Boards also have roles to play in overseeing the
utilisation and translation of this data to improve patient outcome.

38. Internationally, drug regulatory agencies have established both informal and formal evaluation
frameworks—some now involve international collaboration between regulators in the US, EU and Japan.
This helps to ensure consistency and high quality of data collection for submission to the regulators.

39. Genetic information needs to be collected with relevant, accurate and consistent medical data to allow for
useful analysis and interpretation. High quality clinical collection and analysis with good electronic medical/
health record management is essential if research, and more importantly patients, are to benefit from the full
potential of such information.
22 Definitions For Genomic Biomarkers, Pharmacogenomics, Pharmacogenetics, Genomic Data and Sample Coding Categories ICH

E15 (Step 5 Implementation), 1 November 2007, http://www.ich.org/cache/compo/276-254-1.html
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What are the implications of the generation and storage of genome data on personal data and security and privacy, and
on its potential use or abuse in employment and insurance? How should these be addressed?

40. It is worth noting that the NuYeld Council of Bioethics report23 stated that: “Genetic information does
not necessarily raise diVerent ethical issues from other types of medical information. We believe that the most
important aspect to consider is the information that a test reveals and its implications for the patient, not
whether the information is directly genetic”.

41. Pharmaceutical companies take the security and management of genetic information very seriously.
Rigorous ethical review takes place in all UK clinical studies, encompassing the collection and use of samples
and any accompanying medical information.

Translation

What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

Who is responsible for translation to clinical practice?

Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

How does the UK compare to other countries and what lesions can be learnt?

How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation of
such tests?

42. The UK should be well placed to accelerate the translation of genomic medicine from early discovery
research to bedside under the auspices of OSCHR. This should be considered in the broader context of the
application of biomarkers in stratified medicines. Within this context there is unlikely to be a single model of
delivery of genomic medicine, but rather a framework for targeting of medicines to stratified patient
populations.

43. There are also a number UK and European initiatives that should facilitate translation, including:

— The proposed Centre for Drug Safety Science centred at Liverpool and Manchester Universities that
is still awaiting funding approval from the Medical Research Council—this initiative involves the
Department of Health/NHS’ Chair in Pharmacogenetics at Liverpool University.

— The UK Global Medical Excellence Cluster (GMEC) incorporating Oxford, Cambridge and key
universities in London, such as Imperial, UCL and KCL.

— In Europe industry and the Commission have been working together on removing bottlenecks in
drug discovery and have established a Joint Undertaking called the Innovative Medicines
Initiative24. A Strategic research Agenda has been developed for a seven year research programme,
with the first call for proposals to be published at the end of April 2008.

— In the USA the Critical Path Initiative, led by the FDA, is also addressing key factors to enhance
productivity in drug discovery and development. All the major pharmaceutical companies are
engaging with this process.

— The ICH25 also has a role to play in developing globally accepted standards for key issues in
regulation, already having developed definitions for pharmacogenetics and pharmacogenomics.

44. The ABPI believes that the OSCHR should take leadership in developing a UK national strategy on
stratified medicines as previously discussed, which would need to encompass a number of facets in a
coordinated and joined up approach, including:

— emerging science in drug discovery and diagnostics;

— e-Health;

— clinical application;

— regulatory environment; and

— health economics.
23 http://emc.medicines.org.uk/
24 http://www.imi-europe.org/
25 Definitions For Genomic Biomarkers, Pharmacogenomics, Pharmacogenetics, Genomic Data and Sample Coding Categories ICH

E15 (Step 5 Implementation), 1 November 2007, http://www.ich.org/cache/compo/276-254-1.html
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45. Overall, we believe that the UK compares favourably against other countries in Europe, but this does not
mean to say there is not room for improvement. In particular the UK has a poor record on the uptake of
innovative medicines when they first enter the market (Figure 1)

Figure 1

UPTAKE OF NEW MEDICINES IN THE UK, COMPARED TO OTHER LEADING EUROPEAN
NATIONS
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46. The Government has a strong commitment to increasing industry investment in clinical trials in the UK.
While there are encouraging signs of industry using the clinical trial networks set up under UKCRC and
NIHR, there are still major challenges. Such issues must be addressed if the UK is to translate the
opportunities from genomic medicine from the research base through to clinical benefit.

47. The first challenge is the slow start-up of trials and recruitment of patients. Yet of greater concern is the
negative impact that restrictions on the availability of current “gold-standard” treatments have on the ability
to place phase 2 and phase 3 clinical trials on the next generation of treatments in the UK. In 2007, a survey
of ABPI members identified (see Annex 2):

— 10 late clinical development studies that could not be placed in the UK owing to the lack of NICE
guidance on comparator medicines used in other countries;

— 5 studies that could not take place because of restricted uptake or implementation of NICE
guidance; and

— one case study where an international benchmark of care was not implemented in the UK.

48. If this poor support and recognition of innovative medicines is sustained in the marketplace, then it is
diYcult to see how genomic medicine could be successfully translated to the clinic and benefit patients.

49. Translational research is integral to the conversion of scientific knowledge into patient healthcare benefits.
The Department of Health and professional medical organisations are in key positions to collaborate with
industry to identify and address potential hurdles to the acceptance of genetics into clinical practice.
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Biomarkers and Epidemiology

In what way do genome-wide association studies contribute to the identification of biomarkers? How is the study of
genetic factors and biomarkers integrated for translational purposes?

What impact will genomic data have on data emerging from projects such as UK Biobank, Generation Scotland and
other biobanks?

50. There are various strategies for identifying biomarkers of which genome-wide association studies are one.
Others include more specific genetics analysis (eg restricted to only biological pathways involved in drug
metabolism), proteomic analysis, and other physiological markers.

51. The ABPI has brought together pre-clinical safety scientists and experimental medicine experts (in early
clinical pharmacology and research) in a Safety Biomarkers Working Group. This has surveyed reasons for
failure in clinical trials and is now developing strategies in pre-competitive research that will aid in the
identification of safety biomarkers—both pre-clinical and clinical—to reduce the risk of adverse events and aid
in early compound selection. Such work is feeding into the research programmes of the European Innovative
Medicines Initiative and the strategy of the UK’s Translational Medicine Board. This is early days, but such
initiatives should assist with the translation of biomarkers into research and clinical application.

52. The UK Biobank, Generation Scotland, as well as the cancer tissue bank in Wales, could all provide
valuable resources for the development of new biomarkers of disease and disease susceptibility. However the
information is only as valuable as the quality of the samples and the information contained therein.

53. In the UK, the electronic patient records initiative, Connecting for Health and the associated ethical
framework for utilising such large scale epidemiological data in biomedical research also provides a real
opportunity to create UK competitive advantage and enhance outcomes for patients. The e-Health panel
reporting the OSCHR should play a leadership role in ensuring that the opportunities for UK patients and
the research base are optimised.

Use of Genomic Information in a Healthcare Setting

What impact will genomic information have on the classification of disease? How will it affect disease aetiology and
diagnostic labels?

How useful will genomic information be as part of individualised medical advice? What provisions are there for ensuring
that the individual will be able to understand and manage genomic information, uncertainty and risk?

Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

What are the implications of developments in genomic technologies for the training of medical specialists and other health
professionals? Are there any gaps that need addressing? What is the assessment and planning for future needs in
capacity?

54. Genomic information, in conjunction with proteomic and physiological biomarkers, will help to diagnose
diseases and predict disease susceptibility according to the underlying pathophysiology rather than the
manifestation of symptoms alone. This will allow pre-symptomatic treatment of some diseases and more
focused treatment of others– that is the right patient, the right medicine, the right time. Undoubtedly we will
find that some diseases (defined by symptoms) will sub-segment into diVerent root causes.

55. Patients should be provided with relevant information about any medical test used in provision of their
own healthcare and genomic medicine and genetic tests are no exception to this—appropriate care should be
taken in explaining such tests and the reasons for their use in prescribing medicines. The NuYeld Council on
Bioethics report on pharmacogenetics stated that genetic information does not necessarily raise diVerent
ethical issues to any other forms of medical information. Nevertheless genetic testing does raise concerns
among some patients that need to be addressed.

56. The integration of genomic medicine, and indeed other biomarkers in the clinical environment will require
appropriate training and support of medical students, as well as practising GPs and consultants and other
healthcare professionals.
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57. In addition consideration should be given as to how to incorporate basic knowledge and information in
to the school curriculum, to educate the next generation. This should be done through, in the long term, science
curricula, dialogue, education and debate, and “patient friendly” materials and resources. “Patient friendly”
materials and resources should also be made available in the clinic.

Closing Comments

58. Industry is continuing to invest in genomic medicine, genomics and genetics. Genomic medicine oVers a
real opportunity for patients to benefit from better targeting of medicines increasing patient safety and drug
eYcacy.

59. However, coordinated action within the research and regulatory environments is needed to allow the co-
development of diagnostic and prognostic tests to ensure the realisation of the right medicine, the right patient,
the right time.

April 2008

Examination of Witnesses

Witnesses: Dr Chris Chamberlain, Global Head Medical Genetics, Roche; Dr Annette Doherty, Head of
Research and Site Head, Pfizer Global R&D, Sandwich; Dr Philip Wright, Director of Science and
Technology, Association of British Pharmaceutical Industry (ABPI); and Professor Munir Pirmohamed,

NHS Professor of Pharmacogenetics, Liverpool University, examined.

Q719 Chairman: Good morning, everyone,
particularly our witnesses, lady and gentlemen. I
welcome the panel members who have come as
witnesses to help us with this morning’s inquiry; we
very much appreciate you coming. We regard the
information from you representing the
pharmaceutical industries in the future development
of drugs as extremely important, so thank you for
coming. When you speak for the first time, would you
introduce yourselves for the record, please. I am
going to begin by asking the first question that I have
which is, what do you think is the potential for drug
development in the future in view of the genetic
knowledge that is now beginning to accumulate
which also shows that 60 per cent of the so-called
conventional drugs are probably not eVective in
many conditions? That not only has important eVect
on the patients who are given these drugs but also the
cost of the drugs to healthcare. We realise that there
are also drugs which are eVective based on whether
the person has a gene or not. How is the industry
going about developing this and what kind of issues
are you facing?
Dr Chamberlain: I am Chris Chamberlain from
Roche. From our perspective, we recognise that
genetics is central to the process of disease aetiology
and therefore needs to be a constant and systematic
accompaniment of the drug development process.
When we are developing new drugs, we are cognisant
of the fact that genetic variation may be important in
predicting their safety and eYcacy and we have
comprehensive mechanisms in place to address that
fact. The remaining issue however is what we do
about drugs that are already in practice? These are
already oVering significant benefits but could have
those benefits and safeties enhanced if this level of
scientific inquiry around genetics were applied to

them. This is a question which we see as being very
important for societal dialogue as to how to
incentivise a solution from industry, from academia
and from all stakeholders.
Dr Doherty: My name is Annette Doherty and I am
Head of Research and the Site Leader for the Pfizer
UK Laboratories in Sandwich. The eVect of
pharmacogenomics and targeted medicines is being
felt in every aspect of research and development
within the pharma industry and there are several
ways in which that is actually happening right now. In
the very earliest phases of actually choosing targets,
we are looking for human genetic evidence in order to
best select our targets. In the next stage, we are
looking at drug response to our medicines and, in
some cases where we have scientific information, we
are selecting patients specifically into trials. I will give
you an example. In the cancer field, we are currently
looking at a medicine which is a prospective vaccine
for a glioblastoma and we know that it has an eVect
on a specific variant of the EGF receptor and
therefore we are screening our patients so that we will
be able to demonstrate those who are most likely to
be responsive to the medicine that we are developing
and that is actually aVecting the development of our
phase 2 and phase 3 trials. There are other examples
of where, for example, we know of a prospective
medicine that we have in phase 2 where mutations in
the K-ras gene lead to response that is lowered as a
result of poor metabolism and therefore we are
screening out those patients who have a particular
mutant in the K-ras gene. So, we are looking at
polymorphisms in metabolising enzymes that may
aVect drug response or may aVect safety of the
medicine. Chris talked about the medicines which are
already either in late-stage development that have not
been developed through knowledge of genetics
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pharmacogenomics, but we are collecting DNA
samples from our clinical studies, depositing them in
biobank and looking for diVerences in responses
according to diVerent genotypes and to the DNA that
we are collecting. Of course, once medicines are
actually launched and they are approved for the
indication, we are also involved with the serious
adverse event consortium where we are analysing for
idiosyncratic toxicology or safety eVects that are very
rare. I guess the message I would like to get across is
that I think there are tremendous opportunities for
the future, both scientifically and for the patient, to
be able to target medicines and it is impacting every
stage of research and development within the pharma
sector right now. I could go through lots more
examples, but I will give an opportunity to others to
speak.
Dr Wright: I am Dr Philip Wright and I am Director
of Science and Technology at the Association of the
British Pharmaceutical Industry. I want to pick up on
a couple of things. Dr Doherty has already alluded to
the transformation that we have seen in research and
development really right back into early drug
discovery and understanding the underlying causes
of disease, but I think you alluded to the potential of
pharmacogenomics impacting in the clinical
environment and, if we start looking at that, there are
probably three elements that we need to consider. The
first one is of course the clinical diagnosis and
prescribing; the second one is around the variation in
patient response, the metabolism and cause of
disease; and the third one is very much around
patient behaviour. I think that we need to concentrate
on those three factors as we develop the right
regulatory environment and the right clinical
environment to deliver the benefits in the future. In
terms of the regulatory environment, the ABPI
already has a Ministerial Industry Strategy Group,
which is a meeting of senior ministers with senior
players from the industry and Lord Warner, one of
your members, had been involved in that in the past,
and one of its initiatives was to develop a work stream
looking at the regulatory environment and there is in
particular a forum whereby the industry works very
closely with the MHRA looking at diVerent areas of
emerging technologies and the implications that may
have. The last meeting—they have two meetings a
year—was on biomarkers, looking at where the state
of the art technology was and looking at what the
validation routes and utilisation in the regulatory
pathways may be. This is not about coming out with
an answer at the end of the day; it is starting a
dialogue and understanding where the science is
going and where the opportunities lie.
Professor Pirmohamed: My name is Munir
Pirmohamed. I do not work for a drug company; I
am an academic at Liverpool University and a

working physician in the NHS, so I come very much
from the NHS background. There is the term
“personalised medicines” that everybody uses now
and I guess that, as a physician, I have always done
some personalisation of medicines because I do not
give the same drug to everybody who walks through
the door and I will try to personalise it depending on
what their background characteristics are, what
other drugs they are on and so on. We know the
limitations of that approach at the moment in terms
of the eYcacy which you cannot predict in everybody
as well as the toxicity which occurs in a significant
number of the population. Genetics represents one
way of being able to improve that personalisation;
there are other ways as well. I think that what we
really need to do is to build up the evidence base and,
as Dr Chamberlain said, the majority of the drugs
that we use in the NHS are oV-patent and they are
being widely used and they are still associated with
reduced eYcacy or toxicity. We need to be able to
study those and really take them further forward in
terms of personalising it and improving the benefits
associated with those drugs. Clearly, to be able to do
that, we need the research funding to it further
forward.

Q720 Baroness Finlay of LlandaV: In the use of
pharmacogentic testing for existing or new drugs,
there is a potential balance between increasing safety
and eYcacy, those which are in the best interests of
the patient and indeed the NHS, but balanced against
that is the fact that it would potentially be a smaller
number of patients who would then be appropriate
for the use of a drug which would cut down the
market share of a particular drug for the
pharmaceutical industry. There is a potential conflict
in there because it could reduce the profit for the
industry and I wonder whether this could reduce the
uptake of pharmacogentic testing in the long term.
Dr Doherty: I do not feel that it will reduce the
uptake. I think you have to bear in mind that the
actual development process right now, our clinical
development process, requires us to test thousands of
patients over a period of five to eight years. One of the
advantages of being able to conduct the clinical trial
in a smaller patient population is that it will be
quicker, faster and cheaper to conduct the clinical
trial in most cases if you are doing it with a select
clinical population. In addition to that, we have the
opportunity to demonstrate greater eYcacy and I
think that what the balance needs to be is that, if we
demonstrate greater value for money, the way in
which the pharma sector is then rewarded, i.e. the
price that is given to the medicine, is commensurate
with the value that we are demonstrating in the
patient population. I think that policy decisions that
get made around pricing and value for money are
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very important to go alongside the developments in
science and being able to more eVectively target
medicines. I think it is important that we will play our
part by reducing the cost of development because we
are targeting a smaller patient population.
Dr Chamberlain: There is a feeling that in some way
genomic medicine is exceptional and that it is doing
something diVerent, but the process of better
targeting medicines is something that we have always
done very comprehensively through our clinical
development programme. We have always done our
level best to understand in whom our drugs best
work. Genomics are just another technological tool
that allow us to continue that process and improve it.
Genomic Medicine as such, we do not see as shifting
the paradigm and presenting us with new concerns.
We believe that the best way to clinically diVerentiate
a drug is to demonstrate that it has optimal safety and
clinical eYcacy and that is the way to be successful in
this arena. Genetics is a tool to hand to help us do
that. It will be another step along a path we have been
following for a long time.

Q721 Baroness O’Neill of Bengarve: This is a
supplementary question. I want to push a little
further down the road that Baroness Finlay indicated
because there has been, in the past at least, a rather
defective business model for the blockbuster drug,
namely that it would be prescribed to a very large
number of patients although there might be
limitations as to its eYcacy and there might be
adverse eVects. The direction in which you are
pointing with some enthusiasm is that there will not
be blockbuster drugs of that sort. Roche says in its
written evidence that the current environment oVers
insuYcient incentives to develop medicines for
stratified patient groups. I can see exactly why that is
plausible and I think that Baroness Finlay was
pointing down that road. Would you elaborate a little
on what it is about the present environment that
oVers insuYcient incentives and what changes would
have to take place for there to be suYcient incentives
and how that would alter your business model.
Dr Chamberlain: To come first of all to the question
that you asked around blockbusters, I think that we
are not predicting an end to the blockbuster, but what
we are saying is that blockbuster status must be
evidenced and it must be part of evidence-based
medicine. When we are fortunate enough to have a
drug that it is highly eYcacious and safe in virtually
everybody, we will be delighted to see it prescribed in
that fashion. When you examine at the economic case
around highly-targeted medicines, that is also
compelling. If you look at something like Herceptin,
clearly that has been a tremendous success for all
involved and has oVered significant clinical benefit
and addressed significant unmet need. This is a

targeted medicine and it is a successful model. One
concern about the current environment is the fact
that genomic investigations require an ongoing
process. These are essentially, in investigations of
relatively large populations and they are
investigations in which the technology is
dramatically improving and will continue to improve
over the foreseeable future. As such, we would like to
engage in an environment where ongoing research to
better understand the eYcacy and safety of our drugs
was supported and there was an eVective dialogue.
So, when we look at the current environment, what
we would like to see is increasing engagement with
physicians like Munir so we can continue to improve
on the initial oVering of any particular healthcare
intervention. This is also very important when one
considers the role of diagnostic companies in
supporting personalised healthcare because clearly
there need to be incentives for diagnostic companies
to engage in this process and to produce new
stratifying diagnostics with appropriate evidence
base behind them to support their use in routine
clinical practice.

Q722 Baroness O’Neill of Bengarve: That answered
the question about the scientific model but not really
about the business model that you might have in
mind. Who is going to pay, in short?
Dr Wright: I think the position is that there is
naturally an assumption that it will increase the price.
Naturally, we need health systems that recognise and
reward innovation which actually provides and
delivers improved patient outcome. That is
something we all strive for and it is something that is
very important to the pharmaceutical companies.
Pharmacogenomics actually helps and provides a real
opportunity for companies to begin diVerentiation
and demonstrating it and targeting that value in a
better way. What I do not think is necessarily the case
because, as we see these technologies have an impact
on the regulatory pathway and the speed of drug
development through to the market, if we actually
realised the potential of it, then we do start
accelerating that process and therefore we will be able
to take a diVerent approach to that whole process and
hopefully that will provide some balance against the
potential for increased cost.

Q723 Lord Colwyn: I think I heard you say that
because of the ability to target population, it reduced
the cost of development. Did I hear that correctly?
Dr Doherty: Yes. In the research and development
process, if you take a look at a portfolio right now,
out of every 25 candidates we put into development,
only one ends up being successful in that
development and that is from the point where you
actually have demonstrated that you have a
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compound that is going into development. At the
moment, there is a large failure rate in our business
model. If we are able to have more evidence behind
the targets we are selecting in the first place but we
also then are able to target those mechanisms to
clinical populations where we believe we stand a
better chance of seeing the response or seeing a better
response than we would have seen in a wider
population, ultimately our survival rate of target
selection as well as in the research and development
process will increase, i.e. our attrition will go down
and overall cost of research and development will
also decrease. That is what we are working on big
time. In coming back to who will pay, I think it is
important to say that, when you talk about genomic
medicine, not every therapy area is going to progress
at the same speed. Cancer is obviously at the
forefront of all our minds right now because the
science is enabling us to better stratify patient
populations. In some of the other areas, for example
in pain where we have very little evidence currently
other than preliminary associations, stratifying
patients is going to take much longer. I guess what I
am saying is that, over the next five years, a large
number of blockbuster medicines are going to come
oV patent, are going to go generic and that will
provide a saving to the overall healthcare system
which hopefully will be able to be targeted then to
paying for medicines where we are able to really
diVerentiate eYcacy and safety in the patient
population. I do not think that it is all going to
happen at the same time and I do think that there will
be funds in the healthcare system firstly from the
patented medicines going oV patent and also, if you
are able to demonstrate greater eYcacy and lower
hospitalisation costs, then the overall healthcare
budget should be able to encompass this change in
science and patient care.

Q724 Lord Warner: Dr Wright rightly said that I
have been involved in this world for a couple of years.
The striking thing about that is that I accept all the
arguments that you are intellectually making about
reducing attrition improving your cost base. That is
absolutely right. However, if we look at a good
example of an area of drugs—this is a historical
looking back rather than looking forward—where
there was smaller populations and known drugs—
and I allude to paediatric medicine—one would
hardly say that the industry was fleet of foot, if I may
put it that way, in responding to that smaller caseload
in the adaptation of drugs for the paediatric
population. Latterly, it became converted, with a bit
of persuasion from a number of people, but the
business model was getting in the way of that
approach because the business model was rather
obsessed with what Baroness O’Neill was talking

about in terms of blockbuster drugs for big
populations and the paediatric medicine did not fit
that model. Why would we be totally convinced that
your business model will adapt?
Dr Wright: I would slightly challenge the view that it
was simply around the business model in terms of
paediatric medicines. I think that there is a whole
ethical landscape there which was very diYcult to
negotiate in terms of how and when you should trial
and carry out clinical trials in children. I think that it
is wider than simply the business model.
Dr Doherty: Certainly that was the point I was going
to make that, from a regulatory perspective, going
straight into the paediatric population in many of the
diseases that we were studying would not have been
possible. I accept your challenge about our business
model, but actually it is simply not in our best
interests to continue to spend the amounts of money
that we are spending on the failures that are
happening in our R&D process. So, we must find
ways to demonstrate that we can develop
diVerentiated medicines in the patient populations
that we are seeking to treat. As science has advanced
to the point where, in some of those therapy areas, we
are going to be able to demonstrate greater eYcacy
and get better evidence early on that we are even
selecting the right target, I do believe that our
business model will change fundamentally over the
next five to ten years. It is already in the middle of that
transformation.

Q725 Lord Warner: I would like to move on to
another topic area. The clearest indication for genetic
testing appears to be for a small number of drugs
such as Herceptin, Gleevec and Ziagen. Genetic tests
for these drugs are used to predict eYcacy or side
eVects and are believed to have a high degree of
sensitivity and specificity. Are genetic tests routinely
carried out in the UK before use of these drugs and
what has been the impact of these genetic tests in
terms of public health, cost eVectiveness and
prescribing habits?
Professor Pirmohamed: First of all, in terms of genetic
testing, I guess that, of the drugs you have on that list,
only Ziagen fits into the fact that it is a specific genetic
test. Herceptin is an expression test where you look
into the expression of the particular gene. I have
made a list of what is actually used in the NHS at the
moment and there are at least nine drugs where there
are genetic tests available that can be accessed by
clinicians. There is variability in terms of how often
they are used. If we take one particular example
under Ziagen or abacavir, it causes a severe reaction
in about five per cent of patients which can be fatal
and certainly can hospitalise the patient. Work done
in Australia, North America and by ourselves in
Liverpool was able to show that this one particular
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gene had a high sensitivity and specificity in being
able to predict that particular adverse reaction. At
the same time—and this relates to the previous
question in terms of cost eVectiveness—we were able
to show that, if this were adopted in the NHS, this
would be cost eVective. Clearly, the NHS does not
have unlimited resources, so it is important that
whatever we introduce has a degree of cost
eVectiveness within the NHS. These data were
utilised by HIV clinics in the UK and, since the end
of 2005/early 2006, almost every HIV clinic in the
United Kingdom has used this particular test before
they put patients on abacavir. The net eVect of that
has been that the number of HLA tests have gone up
and in fact the usage of abacavir has also gone up
with a reduction in the frequency of this
hypersensitivity/serious reaction. If you look at data
from Brighton, the frequency of this serious reaction
has gone down from about eight per cent to less than
one per cent. From a London clinic, it has gone down
from eight per cent to less than two per cent. So, here
is a genetic test which was discovered in 2002 in a
laboratory and is in the NHS by 2006. Not everything
will follow that smooth kind of process and some
tests will be much more complicated than others but,
if we can find something which has very high
sensitivity and specificity, then it could certainly work
and can be taken up very quickly within the NHS.

Q726 Lord Warner: At the beginning of your
answer, you alluded to the fact that there might be a
variation between physicians as to whether or not
they actually applied a particular genetic test to
particular products. Would you elaborate on that. Is
that a major problem or is it an insignificant
problem? Do you have any feel? What are the systems
that are around for monitoring that?
Professor Pirmohamed: I think that the best way to
answer that is by taking the example of azathioprine
which is an immuno-suppressant used in various
diseases and can be used by various diVerent
specialists. We know that there is a particular drug
metabolising enzyme which, if deficient, can lead to
an increased risk of bone marrow toxicity with this
particular drug. If you look at the diVerent physicians
who actually use the drug in this country, you find
that there is a great deal of variability in terms of
uptake. So, dermatologists who use it for various skin
diseases will do a test before they use a particular
drug whereas only about 50 per cent of
gastroenterologists use it and hardly any respiratory
physicians use it and hardly any neurologists use it. It
may be because of lack of evidence in their particular
disease area but also in terms of education in those
particular areas as well. It is diYcult to know exactly
why there is such variability in uptake, but I guess

that the main reason may be lack of evidence in their
particular disease area.

Q727 Lord Warner: One risk of pharmacogentic
tests could be the emergence of a group of individuals
who see themselves as “losers” because today,
without a genetic test, they would receive a particular
drug but they would not receive it in the future if
pharmacogentic testing showed that they had a low
probability of responding. Do you perceive this as a
current problem that might increase and how could
its eVect on public health and morale be minimised?
Professor Pirmohamed: I guess that it depends on the
disease area and the predictive value of that
particular test. If you have a test with high predictive
value in a specific area and there are the drugs
available, then the patient should not lose out and
there will be some personalisation going on. I think
that it is probably unrealistic to expect that any
genetic test is going to be 100 per cent predictive and,
if that patient does not have that particular genetic
factor which guarantees eYcacy for example, then
there needs to be dialogue between the patient and
the physician and the patient needs to understand
that, if they do not have this particular genetic
predictor, they may still benefit from the drug but the
patient needs to know that they may also not benefit
from the drug. I think that it needs to be taken on a
case-by-case basis in various disease areas.

Q728 Baroness Finlay of LlandaV: Do you think that
routine testing for example in relation to azathioprine
should actually come in as part of prescribing?
Professor Pirmohamed: At the moment, I guess if you
look at what dermatologists do, then they will say
that a patient needs azathioprine for severe psoriasis
for example and they will first of all do a TPMT test,
so it is part of their prescribing process. I guess that
as the new NHS IT system develops, then it may be
possible to build it into the prescribing process, if this
patient requires azathioprine, then should we be
doing this test before we actually prescribe
azathioprine and I think that this may increase the
uptake of certain tests.

Q729 Chairman: The other example might be
warfarin because I know of a number of instances
recorded of death or serious harm. Should all patients
be put on warfarin?
Professor Pirmohamed: We were funded by the
Department of Health as part of the NHS Genetics
White Paper to do a very large study of warfarin
which is being analysed right now, but there are two
particular genetic factors in warfarin together with
age and body weight which account for about 50 per
cent of the variability in dose required for warfarin.
The problem with that is that some haematologists
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say that the marker that they use at the moment, the
INR, the international normalised ratio, to monitor
the amount of warfarin one requires, may be as good
as genetic testing. What we need to do is to prove
that. We have just been funded by the EU, the
European Community, to carry out a randomised
controlled trial of genetic testing with warfarin
compared to normal clinical care and what we are
doing is not only looking at warfarin but we are also
looking throughout the whole of Europe at two other
vitamin K antagonists which are used in Germany,
the Netherlands etc, which we do not use in this
country. This will provide us with the best kind of
evidence in a randomised controlled trial setting to
see whether genetic testing actually aVects the clinical
eVectiveness and safety of warfarin.

Q730 Baroness Perry of Southwark: The Committee
visited the NIH in Washington and we were told there
that the FDA requires genetic testing for four named
drugs and recommends it for ten. Is there any similar
framework in this country and, if not, should there
be?
Professor Pirmohamed: I sit on the Commission for
Human Medicine which I should declare and I chair
the Pharmacology Expert Advisory Group for the
Commission. Clearly, there is a regulatory
framework in this country as well as within Europe
and that is the European Medicines Evaluation
Agency. There are clear diVerences between the FDA
and the EMEA in terms of the way in which they are
approaching this. Within this country and within
Europe, there are three categories of what you can do
with regard to genetic testing on the label. One is
where it is required, one is where it is recommended
and one is where it is for information only. Clearly, if
you have the best evidence as for abacavir, then the
test at the moment is required before you a patient on
abacavir and this change occurred in 2008. However,
in the United States it is diVerent; genetic testing is
very rarely required because of the litigious
atmosphere there. Abacavir is actually recommended
rather than required and that single word makes quite
a lot of diVerence. The regulatory framework does
vary across the Atlantic. In terms of numbers of
labels which do have genetic testing in them, there are
much fewer number in the UK and in Europe
compared to the United States, and I guess it may be
related to the evidence available and acceptance of
that level of evidence.

Q731 Baroness Perry of Southwark: Give us an idea
of how many. I think we were told that there were
four drugs in the United States for which it was
required and ten for which it was recommended.
Professor Pirmohamed: It is recommended rather than
required and the others are for information, I think.

Q732 Baroness Perry of Southwark: What are the
sorts of numbers in our regulation?
Professor Pirmohamed: In this country, there are
probably about four or five. For example, for
Herceptin and for abacavir, it is required. For others,
it is recommended or for information only. Genetic
testing is not on the warfarin label at the moment
because the regulators in this country feel that there
is need for further information and the randomised
controlled trial, as I described earlier, may be able to
put that into the label in this country whereas, in the
United States, warfarin is already in the label and has
created quite a lot of controversy because there is
little evidence as to what kind of dosage regime you
can use.

Q733 Chairman: Are you suggesting that the
evidence that they use in the US is not as robust?
Professor Pirmohamed: I would not want to say to
that!
Dr Doherty: I would like to give another example of
a diVerence. I agree that broadly the regulatory
frameworks are similar but there are diVerences of
opinion and there will probably continue to be
diVerences of opinion. It does not necessarily mean
that one is right or wrong. I will give you an example
of a Pfizer drug, Camptosar, that is used for
metastatic carcinoma of the colon. One of the major
side eVects is neutropenia and it was found that that
was associated with a metabolising enzyme. The US
authorities, the FDA, ruled that, as a result of that,
as it was linked to a variant of this drug metabolising
enzyme, there needed to be on the label a lowering of
the dose for some patients. The EMEA did not come
to the same conclusion; they did not think that the
data that was presented had a strong enough evidence
base in order to change the label. There are
diVerences of opinion on the science certainly in that
example and I think that there will continue to be.

Q734 Chairman: Is it the same genetic test which the
US is recommending as we are recommending in the
use of warfarin? Also, Lady Perry referred to our visit
to the NIH and having the same here. How are we
looking at those?
Professor Pirmohamed: Annette mentioned one
particular drug, irinotecan which is in the label in the
United States but not in this country for reasons
which you just mentioned. Similarly, warfarin is not
in the label in this country. If you look at some of the
other drugs such as Tamoxifen and cytochrome
P4502D6, this is also not on the label in Europe.

Q735 Chairman: These are drugs which are given out
to tens of thousands of people and serious harm or
death was recorded.
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Professor Pirmohamed: Yes.

Q736 Chairman: It is important that we know that
what we are seeking to be robust evidence is correct.
Professor Pirmohamed: Again, it may be related to the
degree of evidence that is required for changing the
label and the robustness of that evidence. It may be
that the regulators in this country think that, at the
moment, the evidence is not robust enough and that
may be one of the reasons why it has not got into the
label in this country, compared to what has happened
in the United States. It is diYcult to know exactly
what the processes were used in the United States
which have led to these label changes. If you look at
another drug, for example carbamazepine where
there is an association with a particular gene in
certain ethnic populations, for example the Chinese,
this went into the label in the United States and in
Europe very quickly because of the robustness of the
evidence.

Q737 Baroness O’Neill of Bengarve: In the UK,
NICE gives us evidence on drug ethics and cost
eVectiveness. Do you think that their role should be
extended to assess the eYcacy and desirability of
introducing and requiring perhaps pharmacogentic
tests?
Dr Wright: The first thing to do is to clarify matters.
The National Institute of Health and Clinical
Excellence’s role is not around drug eYcacy. That is
the principal role of the MHRA which actually looks
at eYcacy and safety in the targeted populations and
I think we should have clarity around that. The role
of NICE is very much about providing clinical
guidance and health technology assessment. I think
from our perspective, the issue for us is making sure
that health technology assessment that is carried out
is the most appropriate and of the highest quality.
Also, that it is transparent and that the companies
can understand on what basis their assessments are
going to be made. There is increasing dialogue
between industry and NICE developing diVerent
models about how they can interact, how they can
understand and how they can provide the evidence
that NICE wants at an earlier stage and I am sure that
that will continue. My concern is how in particular
they could require those tests. I think that that is up to
the MHRA in terms of deciding the eYcacy and the
safety of the medicine. The question for me is actually
how NICE would provide the best clinical guidance
into the NHS in order that we get uptake as
eVectively as possible for those patients who would
benefit most.

Q738 Baroness O’Neill of Bengarve: So, your
conclusion is that the remit of NICE does not need
changing because MHRA are carrying these tasks
and NICE should just rely on MHRA.
Dr Doherty: I think it is very important to say that, if
we can develop a cheap and eVective test, it needs to
be done during the development of that medicine, ie
we need to be incorporating that in the early stages of
our clinical trials and then it will come to NICE as a
healthcare solution if you will, ie the medicine plus
the diagnostic test. Then I think that it is NICE’s
responsibility to take a look at the cost eVectiveness
and clinical eVectiveness of using that as a healthcare
solution in the patient population. I think that it
would be wrong for NICE to be indicating what
should be developed. I think that that is the
responsibility of those of us who are involved in
research and development of medicines. However, I
do think that, if a test is available, it would be helpful
for NICE to decide whether or not it is cost eVective
to use in the patient population. I think that there
really needs to be a separation of responsibilities here.
Earlier engagement with the pharmaceutical industry
is also critical because we want to be developing tests
and medicines which are ultimately going to be
viewed as valuable to the patients we are wanting to
get those medicines approved for.

Q739 Chairman: Do you say that NICE should have
a role in the assessing of genetic tests?
Dr Doherty: With the medicine and the diagnostic, I
think that NICE’s role is to evaluate the cost
eVectiveness and the clinical eVectiveness to make the
decision about whether the NHS should buy that
medicine and I think that they are in a position to
take a look at the medicine and the diagnosis
together. I am not suggesting that they indicate what
pharmacogenomic test we ought to be developing
because actually that is the job of those involved in
research and development.
Dr Wright: Dr Doherty actually has echoed the
points that I was going to make and I think the issue
is that we are seeking early dialogue with NICE as
compound to get towards market and I think that will
increase. I think that the clarity from the industry
perspective is very much about what evidence is
required to help them make the right decisions. Early
dialogue on that will help us provide that evidence.

Q740 Baroness O’Neill of Bengarve: So, earlier
dialogue rather than change the remit?
Dr Wright: Yes.

Q741 Lord Warner: May I get something clear
because I am becoming a little puzzled here. In
previous answers, we were hearing that there were
very diVerent approaches between diVerent
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regulators on either side of the Atlantic about the
requirements on pharmacogentic test. People might
take a diVerent view on the same evidence essentially.
Now I am hearing from Dr Doherty that the future
you see is one in which, I assume, you go for a licence
application from the regulator with a combined
package of the product and the pharmacogentic test.
Is that what you are saying because this is a slightly
important issue?
Dr Doherty: Yes, where possible and appropriate. If
the science backs up that we are able to do so, then
that is the approach we will take. What I would say is
that there will be lots of cases for the next few years
where we will not have the science that will allow us
to do so. In cases where we can eVectively
demonstrate that our medicine is more eVective in a
particular genotype, I think that it is our
responsibility to demonstrate that and, if possible, to
develop a test that would allow us to show how the
drug would be optimally used to demonstrate greater
value. I think in the last question, we perhaps overly
focused on those exceptions. There are some real
examples where the exact same decision is being
made by both regulatory authorities and I can give
one if you are interested. I think that it would be
unfair to conclude from our answer to the last
question that the regulatory agencies are not agreeing
with one another. Actually, when there is robust
evidence, they do agree with one another.
Dr Chamberlain: I suggest that what we are seeing
here when we look at the current body of evidence is
the highly informative genetic tests that have come
first into the clinic on a revamp. When we look at the
next generation of technology and the opportunities
that are coming forward, those look as if they will be
considerably less informative but because they
inform clinical decisions that are particularly
valuable and particularly poorly informed at the
moment, there is still a great deal of utility and one of
the challenges with which we have to come to terms
as an industry and as a clinical community is how to
actually use information from complex diagnostics
about complex diseases that is not clear cut, that is
not black and white, but nonetheless has some ability
there to actually help clinical practice because those
decisions at the moment are essentially random.

Q742 Lord Taverne: In the written evidence
submitted by the ABPI, it recommended better
integration of key bodies such as the Academy of
Medical Sciences, the MHRA and the Department of
Health. What advantages would there be in greater
integration, particularly in relation to use of genomic
information and technologies in drug development
and licensing?

Dr Wright: I think that the word “integration” was
perhaps the wrong one and it is “collaboration and
co-operation”. I alluded in my opening comments
around the ABPI forum with the MHRA in terms of
looking at developments that would have
implications in the regulatory environment and I
think that examples such as the biomarker forum that
we recently had is addressing exactly this issue. I
think that there are some real opportunities both to
help inform the regulatory environment to make sure
that it is fit for purpose, to actually look at these more
targeted medicines and getting them through more
quickly and I think that there is consequently also a
better understanding between the regulators and the
industry about what is actually in the drug
development pipeline coming through and what the
implications are for those emerging technologies.

Q743 Lord Taverne: In your submission, you also
mention that the collaboration between the industry
and the academic community has declined somewhat
between the years 2003 and 2007. Has this continued,
why has it happened and what should be done?
Dr Wright: It is interesting. We often talk about the
UK needing to increase the amount of collaboration
that goes on between industry and academia and
certainly in the early parts of drug discovery and pre-
clinical development, there was actually quite
extensive collaboration. At the last survey at the end
of 2007, there were 606 PhD students being trained in
industry laboratories and we had another well over
320 other types of major post-doctoral collaboration.
That has declined due to probably three or four
factors. The first one is that without a doubt there has
been an escalating cost in collaborative research with
UK universities. Other universities from Europe are
looking also to collaborate with UK research
facilities in a much more pro-active way in terms of
globalisation and of course European research
frameworks. The second factor is definitely that quite
often the negotiation of the contract with the
university can be quite complex. Thirdly, the other
factor that we have seen is this point about
competition for collaborative research funds from
other parts outside of the UK. We are seeing
increasing calls on collaborative research funds.
Companies will collaborate wherever there are
centres of global excellence and increasingly we are
getting approaches from across the world in UK
facilities.
Dr Doherty: Actually, the overall collaborative
environment is increasing, so there is an even stronger
drive right now within the pharma sector and the
biotech sector to collaborate with academia. We
work on a global basis and there are many places
where we can go to collaborate and we will go to
world-class centres of excellence for the areas in
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which we are working. There are a number of
incentives right now in Europe with the Innovative
Medicines Initiative that we will probably come to
later and lots of collaborative opportunities that are
both within the UK and outside the UK. Philip has
obviously talked about the slight decline that we have
seen over the last few years but, broadly speaking, the
collaborative environment is increasing.

Q744 Lord Winston: I do not understand Dr
Wright’s answer to the question; I do not understand
it at all. Are you sure that part of the reason for this
is not because you have withdrawn much of your
research and development from the United Kingdom
and gone elsewhere?
Dr Wright: That is not true. If you look at the levels
of investment in pharmaceutical R&D in the UK, it
has actually been fairly stable at around nine to ten
per cent of global pharmaceutical R&D investment.
We have done very well in the UK. It is true that it is
under pressure but the model is also changing, so we
are seeing increasing levels of external collaboration
with smaller biotech companies and we are seeing
collaboration with academic groups in diVerent parts
of the world, not just the UK. Actually, the UK has
done remarkably well if you look at the level of
investment. The figures are there. The last figures that
are available are for 2006 and they showed a
substantive increase on the previous year, 2005.
Dr Doherty: You are right because, certainly if you
look over the last two years, overall R&D investment
of the pharma sector is declining. Why is that
happening? It is obvious that many of us are
beginning to invest more heavily in Asia, so there is a
pressure to maintain R&D investment in the UK.
How that is related to the overall collaborative
research piece, I do not think there is a direct
relationship there. What I would say is that there is
tremendous opportunity right now for academia and
industry in the UK and more broadly to collaborate
and lots of programmes which are incentivising those
two parties to do so.
Dr Wright: Just to pick up on a couple of points, if
you look at the large-scale pharmaceutical R&D
investment in the UK, that has actually been
maintained. We have not had many closures of R&D
sites in the UK. When they have occurred, they have
been very small, relatively distinct sites. In fact, we
have actually seen in certain companies almost
consolidation back within the UK where we have
seen closures in other parts of Europe. I think that the
UK still does remarkably well in terms of being a
place to attract investment but we cannot be
complacent. There are a number of factors where the
UK really does have to compete in terms of supply of
skills, in terms of ensuring that we can get access and
collaborate with the academic base, that we have the

right regulatory environment, not just in terms of
clinical regulatory but around the use of animals for
example, and we need to make sure as well that we
have the right fiscal and cost incentives which would
help attract that investment.

Q745 Chairman: Is it your case that the investment
situation is likely to become worse?
Dr Doherty: It is a very tough environment for
investment in R&D anywhere in the pharmaceutical
sector. It is not just the UK. In all the places in which
we have tradionally done R&D, the investment is
becoming smaller.
Dr Wright: I think the issue is that if the UK wants to
continue to sustain what it has or even compete and
grow, then the UK does need to respond in those four
areas that I highlighted earlier because we do see
emerging markets that can compete very well with
the UK.

Q746 Baroness O’Neill of Bengarve: Do you see the
decline in research collaborations with UK
universities particularly of post-doc members linked
to the introduction of the full economic costing
revision by universities?
Dr Wright: That has certainly been flagged up as an
issue and I have had discussions with the previous
Director General of Research, Sir Keith O’Nions,
and he mentioned that this really should not be an
issue for the companies in collaborative research.
Full economic costing was about allowing the
universities to understand where their costs came
from. What I am talking about here is collaborative
research. We are not talking about contract clinical
research. In those situations, what we have is shared
cost, you have shared intellectual input and you have
shared benefits down the track. The question is, how
you design those shared benefits and how you design
systems where you can get that shared input and
shared win-wins.
Professor Pirmohamed: I would like to answer that as
well from an academic viewpoint. It has made a
diVerence to us in terms of full economic costing in
that certain companies have walked away because of
the additional costs.

Q747 Lord Broers: Can you be specific about how
well we have done in the innovative medicine
initiative and can you give examples where this might
be relevant for the use of genomic information and
technology.
Dr Doherty: I think that the industry is very heavily
engaged in the UK with the Innovative Medicines
Initiative. Almost every element of the eYcacy pillar
and the safety pillar under which there are a whole
series of discrete topics has a thread of genomic
medicine going through it. To give a specific example,
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the severe asthma call is about basically
understanding the cohort of patient data, the small
cohort of patients who are poorly treated currently
and actually account for about 50 per cent of the
overall cost in the asthma population but only ten per
cent of the patients, understanding their phenotype
and genotype and building a cohort of patient data
followed by developing ways to characterise new
targets that will better target severe asthma. It is a
five-year programme and I think it is 25 million Euros
and it is a coalition of seven or eight diVerent
companies with academia. That is one example and
Pfizer happens to be leading on that particular one,
but there is a whole range of them and we are engaged
at every level. I do not think that there will be one on
that list that would not have some element of
pharmacogenomics and genetics in its research.

Q748 Lord Winston: Baroness O’Neill has asked one
of my questions and my other question is that I am
sure that Dr Wright will be aware of the surveys done
by the APBI, one of which particularly shows quite
negative attitudes towards the pharmaceutical
industry. There are some positives but there are also
some serious negatives and this I think is also
reflected in how Government handles the
pharmaceutical industry. How much do you think
that aVects this collaboration between research and
development and academia? Are you not in some
ways your own worst enemies by not actually
promulgating the good that you do?
Dr Wright: I think that this is a challenge that we do
need to be more positive about the positive impact
that we have. However, I slightly challenge you. I will
see if we can get evidence submitted to you about the
perception of the industry.

Q749 Chairman: Please, do that.
Dr Wright: We had an independent survey carried out
looking at various stakeholders including members
of the public, MPs and others, but the key point was
that it is actually that generally the perception of the
industry was much more positive than people
thought.

Q750 Lord Winston: Still nearly 60 per cent were
suspicious of the industry.
Dr Wright: There were some issues and factors that
we clearly have to address, but I think that
overwhelmingly we tend to talk ourselves down
rather than be more positive, which I think is the
point you are making, Lord Winston.

Q751 Baroness Finlay of LlandaV: Should we be
moving to requiring that genomic assessment is part
of new drug licensing here in the UK in the post-
marketing surveillance?

Dr Wright: My own view is that it is not just about
genomic medicine. We are going to see a major
change around the use of biomarkers in drug
targeting and actually understanding disease. As the
science evolves and the science comes through and we
begin to understand how we can best use those, what
we need to do is to work with the regulators and with
people like NICE to see how we can make sure that
we maximise the value of that.

Q752 Lord Taverne: On the question of innovation,
one of the disturbing parts of the ABPI written
evidence was that on the uptake of new medicine you
claim compared to other European nations. Ours was
something like eight per cent UK retail compared to
18 per cent in Belgium and you give some examples
of some of the causes of that: slow start up of trials
and recruitment of patients but particularly the
negative impact that restrictions on the availability of
current gold-standard treatments have on the ability
to place phase 2 and phase 3 clinical trials. Is this a
case for better collaboration with NICE? How
serious it this? On the face of it, it is a major defect in
our system.
Dr Wright: It is a worry and we have raised this with
Government before. When we actually provided a
submission to the Innovation Nations Consultation,
we carried out a survey of our members and the issue
there was that because of either previous NICE
guidance or other factors, some of those gold
standards in terms of treatment or in care were not
there as comparators and quite often those
comparators are required by the global regulators.
We need to work on this and think about how we can
address the situation so that those clinical trials
which require certain comparators can actually be
carried out here. It needs further dialogue.

Q753 Chairman: This is not directly related to
genomics medicine but, from your comments, it
could also be that we have a much tougher regime of
assessing it and there is a much more liberal regime in
Europe and the United States.
Dr Doherty: I think that is absolutely right. Uptake of
medicines is a major issue in this country and it is
actually a major issue for the topic about which we
are talking today because scientifically we are going
in the direction of being able to oVer more options in
a more targeted way and yet actually this country and
the way in which medicines are approved and reach
patients is going in the direction of oVering less
choice.

Q754 Chairman: It might be the subject of another
inquiry!
Dr Doherty: Yes. I just wanted to say that I think
uptake of medicines is a major issue in the UK.
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Q755 Lord Colwyn: The first part of my question is
for Professor Pirmohamed. Since the creation of your
post, how have you helped to improve public health?
The question for all of you is, are there any gaps in
pharmacogentic funding that need to be filled now
and what level of resource is required?
Professor Pirmohamed: I was appointed in September
2007, just a year ago, and it would be diYcult for me
to say that I have made great improvements to public
health in one year. We are working hard and there are
some timelines that we are working towards with the
Department of Health in terms of coming up with
answers in certain disease areas. We obviously cannot
tackle everything. I have told you about the way in
which, for example, we are progressing with warfarin
where hopefully we will have a randomised
controlled trial which will tell us whether genetic
testing, before you give somebody warfarin, actually
is clinically eVective and makes warfarin therapy
safer and cost eVective as well. If we take the second
part of the question in terms of funding, clearly the
amount of funding that is provided to us is relatively
small in terms of the total number of drug areas at
which one can look, and it is important to make sure
that there is adequate funding within the UK to be
able to do more pharmacogentic research.

Q756 Chairman: Is there?
Professor Pirmohamed: No, probably not at the
moment. If you compare what the United States does
to what we do, the United States has a

pharmacogentics research network and that was
funded about three years ago. It has funded several
centres across the United States and the total amount
given was $125 million over five years. In this country
it is probably about £7 million over the last five years
or so, so it is much less. There does need to be an
increase in funding. In terms of the co-ordination/
collaboration that you were talking about before
between MHRA, industry and other players, I think
there also needs to be increased collaboration/co-
operation between diVerent researchers within this
country. The NHS is a fantastic resource, but there
are probably lots of pockets of people working in
isolation. The NIHR, by developing its UK clinical
research network, has been very important in terms
of increasing, for example, research collaboration
within the cancer area. Maybe what we also need is a
similar kind of model to the United States where we
have a pharmacogenetics research network so that we
can start to increase the numbers of patients going
through, increase the amount of evidence which has
been produced but, most importantly, the validity
and robustness of that evidence so that we can then
overcome the second gap in translation, which is
implementation into the NHS.
Chairman: Thank you very much you coming and
helping us with this inquiry. Please feel free to submit
any further thoughts you may have about any of the
issues that we are trying to explore, we would
appreciate it very much and we will regard it as
oYcial evidence. Thank you.
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Memorandum by Professor Mark Hanson

1. There are many different types of influence on disease development, including genetic, epigenetic and environmental.
Can these influences be easily distinguished, and if so, what differences are there in the way that each of these influences
mediate disease susceptibility?

Epigenetic processes induce changes in DNA methylation, histone structure and, small non-coding RNAs
during development. These can be measured, although the technology is still under considerable development.
Epigenetic processes mediate the interaction between inherited genome and the development environment,
transduced by the mother and influenced by her diet, body composition, exercise and stress levels etc. After
period of developmental plasticity it is believed that epigenetic changes are fixed. Epigenetic processes are
thought to aVect the response of the individual to later environmental challenges, through the function of
organs and systems and homeostatic control set-points. They thus aVect predisposition to chronic disease
(see below).

Modified from Gluckman PD, Hanson MA  (2004) Science 305 (5691):1733-6
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2. Are there particular diseases for which epigenetic mechanisms have shown themselves to be particularly important
and, if so, has this knowledge started to be useful for clinical practice? Is it likely that understanding of epigenetic
mechanisms will lead to new diagnostic tests, or to new therapies, or to both?

Epigenetic processes “tune” the phenotype of an individual to match the environmental challenges anticipated
to be met in later life. Because there can therefore be a long delay between the induction (eg unbalanced diet
in pregnancy) and the clinical manifestation of disease, epigenetic processes may be particularly important in
chronic non-communicable disease such as type 2 diabetes, cardiovascular disease, osteoporosis, and perhaps
some forms of neurocognitive impairment, reproductive disorders and cancer. It is very likely that new
knowledge of epigenetic processes will lead to improvements in early diagnosis and prevention of such
disorders, but this potential has not yet been realised. We know that epigenetically mediated changes in gene
expression equivalent to those associated with pathological eVects in animals, can be measured in humans at
birth, but the consequences are as yet unknown.
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Particular concerns relate to the sections of the population where such diseases are particularly prevalent—
lower socioeconomic and educational attainment groups in developed countries, and populations in
developing countries undergoing nutritional and other lifestyle transitions. The current allocation of resources
to prevention of non-communicable vs infectious diseases in many parts of the world is disproportionate to
the projected burden of these diseases.

3. Predictive genetic testing and genetic diagnosis of disease states are starting to become useful in the prevention and
treatment of common diseases, including management decisions about which drugs may be effective in an individual
person’s disease state. Can you foresee similarly useful “personalised” epigenetic tests of disease states becoming
available?

Definitely. Because epigenetic changes might explain the substantial diVerences between individuals in risk of
disease, even in genetically identical individuals in the same environment, they could have application in the
prediction and management of disease on an individual basis.

4. Epigenetic marks or imprints are not passed down strictly from generation to generation and many epigenetic marks
develop early in life, often during intra-uterine life. Might management of pregnancy or treatment of diseases in early
childhood be modified by knowledge of epigenetic mechanisms?

We now have evidence from experimental studies that epigenetic marks in non-imprinted genes, induced in
one generation from an unbalanced diet fed to their mothers during pregnancy (Lillycrop et al J Nutr 2005
135(6):1382–6.), can be passed to more than just the immediately succeeding generation (ref Burge et al). This
suggests that dietary or other lifestyle interventions before and during pregnancy could be extremely valuable
and again we have evidence for this (see below). Furthermore, at least in such experimental studies, the period
of developmental plasticity during which epigenetic processes act extends into the early postnatal period, and
a short regimen of hormonal treatment (the satiety hormone leptin) can reverse the changes induced in utero
by unbalanced maternal diet (Gluckman et al Proc Natl Acad Sci U S A. 2007 104(31):12796–800).
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5. Epigenetic marks or imprints are thought to be important in programming cell development from undifferentiated
stem cells to mature adult tissues. How might understanding of epigenetic factors in stem cell differentiation be used to
develop novel therapies and when might these start to become clinically useful?

A good example of the possibilities here concerns the activation of the “fetal” genome in cardiac hypertophy
in later life, a process which is associated with heart failure but which could be used to repair the damaged
myocardium. Activation of stem cells in the brain and other tissues provide other examples. Development of
novel drugs to target epigenetic control here is probably some years away.

6. Are there any barriers in our way to understand epigenetic influences? Is there sufficient emphasis and funding in
this area? What is necessary for the UK to maintain competitiveness in this field?

Because epigenetic eVects can exert varied eVects across many parts of the genome, eg at loci of action of a
range of transcription factors, understanding their function may be more diYcult than for mutations or
haplotypes. The UK has a lead in the basic science in this area, especially in the role of epigenetic control of
non-imprinted, and also possesses human cohorts well-characterised from early life. To maintain this lead has
funding implications which are substantial, both in terms of the provision of analytical equipment, the need
for bioinformatics and for further basic research.

12 November 2008
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Witnesses: Professor James Scott, Professor of Cardiovascular Medicine, National Heart and Lung Institute,
Imperial College, Professor Anne Ferguson-Smith, Professor of Developmental Genetics, University of
Cambridge, Professor Amanda Fisher, Director of the Clinical Sciences Centre, Group Head of Lymphocyte
Development, Imperial College, and Professor Mark Hanson, Director of the Centre for Developmental

Origins of Health and Disease, University of Southampton, examined.

Chairman: Good morning, ladies and gentlemen.
Please feel free to make an opening statement if you
wish to do so, but members of the Committee have
some questions to explore with you to help us with
this important area of epigenetics, the environment
and the genome. Thank you for coming today. When
you speak for the first time I would be grateful if you
could say who you are so that we can record it.

Q757 Baroness Finlay of LlandaV: There are many
diVerent types of influence on disease development,
including genetic, epigenetic and environmental. Can
these influences be easily distinguished, and if so,
what diVerences are there in the way that each of
these influences mediate disease susceptibility?
Professor Scott: I am James Scott from Imperial
College. The genetics side is rather well dealt with in
recent issues of Nature and Science. The most
advanced technology looking at variation as it
pertains to common diseases is so-called genome-
wide association. One of the disappointments of the
last two years is that studies only explain a small
proportion of the total phenotypic variance of a
condition. Let us take the example of obesity, weight
or size includes the very large and the very small and
all those in between, this is phenotypic variance. The
recent geome-wie association studies only explains
five per cent of this. The real question is where does
the hidden genetic component of the phenotypic
variance lie and where do the other components of
the variance lie There is no doubt that the genetic
component will be revealed by a variety of strategies,
but then how big is the environmental component
and where are the other components? We would
venture that the other component, which again one
has to estimate but perhaps is as big as 30 per cent, is
so-called epigenetics. By which we mean processes by
which gene expression can be changed in a particular
context and that is reproduced from one cell to
another until such time as that cell dies, but these
changes are not encoded in the genome as mutations
would be. They are not, generally speaking, passed
on beyond the next zygote, though in particular
conditions they do get carried forward in a
transgenerational way to a second, third and/or even
a fourth generation. The basis of epigenetics is
modification of DNA in the form of methylation and
of this histone proteins that bind to DNA as well as
the expression of small RNAs. In terms of looking at
this, it is very challenging indeed and there needs to
be a lot more basic science. A fundamental thing
about epigenetics is it is plastic; in other words, it

changes in response to the intrauterine environment,
to the influences on the father’s sperm, and the whole
problem of cancer epigenetics, is clearly mainly post-
natal. Because epigenetics changes are plastic and can
be influenced by things like nutrition, stresses, toxins,
tobacco, alcohol, and endocrine stimulators, they are
also reversible and reversible by treatment, which can
be societal or nutritional or it can be by drugs. There
are good examples of all of these things.
Professor Ferguson-Smith: I am Professor Anne
Ferguson-Smith. As James said, epigenetics is this
process that modifies DNA in chromatin and, very
importantly, regulates how our genomes are
packaged into chromosomes. The two main
processes that we understand here are DNA
methylation and modifications to core histones
which package chromosomes and these
modifications do two things. They regulate gene
activity in repression and they also confer important
chromosome architectural features that maintain
chromosome integrity during cell division such that
the chromosomes are appropriately passed on to
oVspring cells during cell division and also through
the process of germ line development and meiosis. So
the two things that epigenetic modifications do, these
molecular flags that sit on our DNA and our
chromatin, are to modulate gene activity and
repression and to maintain chromosome integrity
and architecture. There are a number of examples
now of diseases and disorders and abnormal
situations where both these factors have been
aVected, the gene activity and repression, through
perturbations in epigenetic modification and also
problems with chromosome segregation and
chromosome architecture through mutations in the
biochemical mechanisms that put epigenetic
modifications on our genomes.
Professor Hanson: I am Mark Hanson. One of the
things behind Lady Finlay’s question was the
question of separating genomic from environmental
influence. That is particularly diYcult for epigenetics
because, as James has said, clearly the environment
aVects the epigenetic control of gene expression, but,
in addition, epigenetic changes aVect the responses of
the individual to the environment. This may occur
after a long period of delay later on in their lives
when, if the epigenetic changes aVecting the part of
the genome is where a transcription factor acts. It will
not be until that particular transcription factor comes
along (it might be a hormone, it might be something
else), that the epigenetic change will be manifest. The
interaction between gene and environment is very
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much the territory of epigenetics, but it has a
temporal element in it too which is going to require a
lot of investment to unravel.
Professor Fisher: Amanda Fisher, Head of the MRC
Clinical Sciences Centre, Hammersmith Hospital. I
would just like to speak to the point of how do you
distinguish between genetic, epigenetic and
environmental influences. I want to give you two
examples where that is possible. You can look at
identical twins where there are no diVerences and yet
one or the other may develop a disease. There is a
booklet that I have brought along for the Committee
which gives you an account of that and it also
outlines the fact that as identical twins get older their
epigenetic diVerences are more manifest and actually
they diverge more in terms of phenotype. The other
good example perhaps to think through is diVerences
between cloned animals. Dolly or mice that are
cloned do have a tendency to develop diVerent
disorders and so one can experimentally distinguish
between the genetic contribution from the
environmental and the epigenetic contribution.

Q758 Lord Winston: During this inquiry on
genomics we have sometimes heard quite a lot of
quite determinist views about where genomics might
be going in terms of the future of health care. That is
why I think your evidence is so important, because of
the influence of epigenetics. Are there particular
diseases for which epigenetic mechanisms have
shown themselves to be particularly important? Has
this knowledge become useful in clinical practice? Is
it likely that the understanding of epigenetic
mechanisms will lead to new therapies or new
diagnostic tests?
Professor Ferguson-Smith: There are three categories
of disease in which epigenetics has really reared its
head. The first is the situation of genetic mutations in
the biochemical enzymatic pathways that confer
epigenetic states on genomes. One example is a
syndrome called ICF syndrome which is caused by a
mutation in a DNA methylating enzyme called
DNMT3b, which is a very rare disorder, fortunately,
because it is not very nice. There is immunodeficiency,
centromeric instability (the chromosomes do not
segregate properly) and craniofacial abnormalities,
and that is caused by an enzyme that cannot properly
methylate DNA. The second category involves so-
called epimutations, mutations that we do not really
understand how they happen, but result in
perturbations in methylation and other epigenetics
states in the genome. Probably the best example of
that is found in cancer. In fact, epigenetic defects in
cancer may be as many as three times more prevalent
than genetic defects in cancer. For example, you can
have a change in methylation that results in the
repression of a tumour suppresser gene or a DNA

repair gene, or you can have a loss of methylation
that activates cancer promoting genes. Those are
some of the common ones. So you can have
numerous epigenetic changes in cancer that are
associated with the progression of the cancer; indeed
the greater the epigenetic perturbation the more
neoplastic your cancer can be. One of the caveats in
this analysis that I did want to bring up at some point
is that when you see an epigenetic change for
example, a change in methylation it is very easy to say
“Ah, this has caused the disease” or “This has caused
the cancer”, but sometimes this may be a
consequence of the behaviour of these abnormal cells
rather than a cause. I think that is quite important
when we are trying to understand the mechanisms for
the development of therapies. On the other hand, in
terms of the identification of markers for the disease,
for example, diagnostic or prognostic markers, it is
fine to not distinguish between cause and
consequence. If you have a correlation between a
methylation state and a cancer, in terms of
diagnostics and prognostics that is still extremely
useful. The third category of epigenetic eVects that
are known is the kind that Mark was alluding to
earlier with I have called loosely “environmental
stressors”. This is where something about the
environment signals to the epigenome and causes it to
behave in an abnormal fashion. These fall into three
categories. The first kind is nutritional compromise.
For example in utero diet becomes very important
because it can influence the development of key
tissues such as the liver and pancreas, developmental
tissues that are involved in metabolic processes; later
on this can become manifest as metabolic disease and
diabetes in the adult. So you have this early assault,
if you like, that has quite profound consequences
later on in development. The second type of
environmental stressor is oxidative stress or hypoxia.
For example, a foetus in utero may not get a proper
oxygen supply. The pathways of this are reasonably
well understood; this type of compromise can aVect
the amount of methylation substrate, available to the
epigenome. So you can have fluctuations in the
amount of methyl donors that potentially can aVect
the amount of epigenetic modification that your
genome gets. Then the final stressor that is emerging
now in the literature is the influence of steroid
hormones such as glucocorticoids. These circulatory
hormones, if abnormally expressed at critical times
during development, can really influence, for
example, development of neural processes regulating
behaviour and have quite profound consequences
which could influence disease via epigenetic
mechanisms. Researchers are now really pinning
down the relationship between these steroid
hormones and the actual epigenetic changes that are
responsible for neurocognitive disorders.
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Q759 Lord Winston: That is a very comprehensive
reply. Thank you very much indeed. Would you like
to predict which diseases epigenetic influences will
have the most impact in clinical management over the
next five to ten years?
Professor Scott: There are some things that Anne did
not touch on. One is congenital disease, another is
congenital disease in relation to common diseases like
diabetes, and the third cancer, which falls into a
somewhat diVerent category from the intrauterine
changes in that the cancer changes are almost entirely
post-natal. Congenital disease is common and
serious. The most common of these is congenital
heart disease. Already bread fortified with folate is
used to prevent spina bifida and neural tube defects.
This is a very eVective evidence-based policy. The
reason for doing that is that folate enhances the
process of methyl donation. There is extremely good
evidence that methyl donation impacts on DNA and
histone proteinmethylation. One of the classical
experiments—and I can circulate this paper—relates
to a mouse called agouti. Agouti is a mouse which is
yellow and extremely fat because it cannot stop
eating. The basis of this is in the central nervous
system. It has to do with the secretion of agouti
protein and this is determined by epigenetic factors.
This phenotype can be completely reversed by giving
folate or other methyl donors, or choline which is
present in certain types of lipids, so this is exclusively
an epigenetic phenotype. It is also clear that disorders
like congenital heart disease can become much more
penetrant in the presence of maternal obesity or
diabetes, and there are now some extremely good
models being studied in the United Kingdom rather
exclusively, which indicate that there is a correlation
between whatever causes the genetic defect and
epigenetic changes. Somehow the process of being
diabetic or being obese enhances the penetrance of
the casual genetic mutations. The third thing is much
more societal. We know from mouse experiments
that bad nurturing by a mouse mother leads to
extreme neurosis and we know the molecular basis, it
is due to production of a steroid hormone. There are
clear implications, for example, for adopted children
who previously went into homes and never became
properly socially adjusted. There are clearly parallels
though one does not want to stretch it too far. Cancer
is a big story and should be discussed separately.

Q760 Chairman: Can you link for us the information
that Lord Winston referred to in many areas that we
have heard about, the genome-wide association of
disease, the epigenetics and the environmental issues,
and how is all this going to be linked up in terms of
future health care or drug targeting, et cetera?

Professor Scott: Cancer perhaps is one of the most
obvious areas, although I am sure Mark will address
these transgenerational eVects which do really aVect
metabolic and cardiovascular disease. Cancer studies
are relatively advanced and, very much a very patchy
curate’s egg, cancer is understood quite well in some
parts and extremely badly in others. As Anne
indicated earlier, there are changes in global
methylation patterns and this can be
hypomethylation or hypermethylation of DNA and
there can be hyper or hypomodification of histones
with diVerent types of post-translational eVect
aVecting diVerent amino acid residue. These aVect
the propensity to cancer, and may be a very large
component of cancer causation, larger even than the
genetic basis or the somatic genetic change which
leads to many cancers. This is extremely important
because it has implications in terms of predicting the
risk of certain cancers, such as prostate and breast,
and of distinguishing, for example, between prostatic
hypertrophy which is benign and prostatic cancer,
which of course is malignant and also predicting
responses to treatment. There are some really
important things that we already know about
epigenetics and disease prediction and disease
treatment. There are also drugs, which have been
around for quite a long time, which globally aVect the
process of DNA methylation and they will change
cells back to a state which is less aggressive in terms
of cancer, that is a more diVerentiated state. There is a
balance because these drugs globally aVect processes
and therefore they may in certain circumstances
make cancer worse, but if they shift the cancer back
to a less aggressive state then there are possibilities of
adding other drugs, such as those that aVect diVerent
epigenetic modifications, like histone modification
versus DNA modification, and that also allow yet
other cancer drugs to be added. These are quite
eVective and now used clinical strategies for certain
leukaemias and certain types of solid tumour. But
these are blunder brush approaches and there need to
be magic bullets. Therefore, there needs to be a much
more global understanding of the processes, by which
lead to specific epigenetic changes in cancers.

Q761 Lord Warner: Predictive genetic testing and
genetic diagnosis of disease states are starting to
become useful in terms of the prevention and
treatment of disease and the management of
particular conditions in terms of the drugs that are
used. Can you foresee similarly useful “personalised”
epigenetic tests of disease states becoming available?
Professor Hanson: What we know about epigenetic
changes during development is that they tune the
phenotype of the individual in prediction to a degree
of the environment that they will expect to live in
after they are born. That may be a metabolic
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environment, it may be a thermal environment or it
may be a stress environment. We are beginning to see,
certainly from animal studies and very preliminary
data coming from human cohort studies, that to a
large degree the variation that we have in our
responses to those environmental challenges later on,
and presumably our risk of disease, and presumably
the eYcacy of certain therapies in individuals, are
attributable in a major way to those epigenetic
changes. This really opens up a new era of thinking in
medicine to my mind where we might, by measuring
epigenetic markers in early life for example, be able
to look back to the prenatal exposure, the prenatal
environment of that individual, relating it perhaps to
the mother’s diet, her body composition, her stress
levels, exercise levels, even the endocrine disruptors
and other chemicals that she may have been exposed
to, to get some predictive idea of the risk that an
individual will follow, the trajectory it may follow
throughout their lives towards a particular disease. I
think we are thinking very much in terms of the non-
communicable chronic diseases here such as type 2
diabetes and various forms of cardiovascular disease
and potentially osteoporosis and some of the
neurocognitive disorders that have been referred to
already. We may be able to predict the risk of disease
in individuals and potentially that may then open up
the opportunity for individualised interventions. We
know from animals that one can make interventions
to reverse, if you like, the epigenetic changes provided
that these interventions are made during the plastic
period of development. It can be done by giving
additional folic acid to the mother’s diet, as James
alluded to. Giving the satiety hormone leptin in the
post-natal period in animals will prevent them getting
fat, even if they are exposed to a high fat diet. Even
giving drugs such as statins in pregnancy, which are
contraindicated in human pregnancy, but in animals
giving them in late pregnancy can prevent those
animals becoming obese when challenged with a
hypocaloric diet. We are beginning to see how a
personalised medicine approach using epigenetic
markers combined with other exposure information
may give us a very powerful new tool of medicine in
the future.

Q762 Lord Warner: You mentioned earlier in life at
the beginning of your very helpful answer, but you
then also started to talk about making interventions
in pregnancy. Can you give us a bit more flesh and
blood so to speak around when we are really talking
about? When you talk about early life what do you
mean? Do you mean the first three years, the first five
years or the first 10 years?
Professor Hanson: I am afraid it is a question I cannot
answer precisely because essentially we do not know.
We would guess that the period of plasticity in

humans for some of the genes involved in metabolic
control and in certain aspects of cardiovascular
development remains plastic or open perhaps for the
first two years, which is perhaps why breastfeeding
versus formula feeding and other environmental
influences at that time are so potent. It may be longer
than that, we do not know. That then makes us think
very much more carefully about whether it is prenatal
interventions that are needed and, of course, there
one has to be extremely cautious. But we already
know from the epidemiological data that the
mother’s diet and body composition and other
environmental factors influence the risk of disease in
her oVspring, and we know from animal data that
similar challenges produce epigenetic changes which
seem to lead to similar phenotypic changes to the
human condition. I think there is the potential for
thinking very hard about the advice that we give to
pregnant women on the diets they eat, how much
weight they should gain in pregnancy, monitoring
their stress and exercise and other levels and using
those, coupled with the epigenetic changes that we
could measure at birth, as ways of getting out that
information.
Chairman: Lord Winston and I have been trying that
for many years without much eVect!

Q763 Lord Colwyn: Epigenetic marks or imprints
are thought to be important in programming cell
development from undiVerentiated stem cells to
mature adult tissues. How might the understanding
of epigenetic factors in stem cell diVerentiation be
used to develop novel therapies and when might these
start to become clinically useful?
Professor Fisher: Until very recently the scientific
opinion was that specialised cell types, such as blood
cells, cells in the connective tissue, were really one-
trick ponies. They were able to do a specific function
and they were not persuadable into doing other
things, for example, repairing nervous system tissue
that had been destroyed. A Japanese fellow called
Shinya Yamanaka found out a couple of years ago
that in fact, although this is true in general, you could
experimentally manipulate a specialised cell type so
that it can revisit all of its diVerent potentials, that is,
you could take a diVerentiated cell, such as a
fibroblast, artificially up regulate four diVerent
factors and convert it to a pluripotent or multipotent
stem cell type which could then be induced to a lot of
diVerent types of function. This really has
revolutionised the idea of patient tailored stem cell
populations; that is, one could take the blood, blood
cells or fibroblasts from an individual and create
tailor-made stem cell populations that would be
immunologically recognised as belonging to the
patient and therefore not rejected to repair a variety
of diVerent conditions. So this has enormous
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potential for the future. At the moment if you give
one individual stem cells that are derived from
another individual you have ongoing problems with
immunological rejection, but this oVers a unique
opportunity to make for the individual that has had
the trauma stem cell populations that are recognised
as being their own self and not rejected.

Q764 Lord Colwyn: How far away is the future?
Professor Fisher: That is a very diYcult question to
answer. We have shifted hugely in the last couple of
years. The way it is done experimentally is using
retroviruses, which clearly would not be appropriate
for patient use, they have some dangers, but one
would hope to move to being able to take a fibroblast
and inject them with recomminant proteins, a little
cocktail of proteins that are short-lived, and to
reprogramme them to become induced pluripotent
stem cells. I think it is a few years down the line, but
there is a huge amount of optimism there.

Q765 Chairman: If you had asked the same question
about induced pluripotents 18 months ago the
answer may well have been “Some day”. Is that
correct?
Professor Fisher: I think that is true.

Q766 Chairman: But in the 18 months Yamanaka
demonstrated—
Professor Fisher: Yamanaka did his very imaginative
and pioneering work. It was then picked up by groups
at MIT in Boston and groups in the UK. They have
shown that this is not only true for mice but for
human cells too and now people are beginning to
show that you do not need retroviruses to integrate
into the fibroblast DNA, you can actually do it by
just over-expressing transiently the proteins. We are
not fully there, but I think there is enormous speed of
progress.

Q767 Lord Taverne: Are there any barriers in our
way to understand epigenetic influences? Is there
suYcient emphasis and funding in this area? What
should we do in the United Kingdom to maintain
competitiveness in this field?
Professor Scott: Money and brilliant science and
cohort collection. I was at the Broad Institute at MIT
recently for a meeting which Professor Aiteman
organised. The day before I arrived I read in the New
York Times that the Broad had just got another $400
million (from the Broad family)and the AHEAD
project has just got $200 million in the US to do a sort
of “hap map” for epigenetics. These are very large
amounts of money and being competitive is a
challenge.

Professor Ferguson-Smith: I think in the UK there are
several things that we do very well. One is that our
academic environment and basic research science is
of very high quality. The basic science that underpins
all this epigenetic research is really going to pave the
way for the development of these new therapeutics;
understanding this very exciting area of
developmental programming and looking at the ways
that you can generate drugs that target epigenetic
changes to the genome where they are needed. I think
we have a very strong basic science that we need to
continue to invest in. There are two other areas that
have come out of the MRC’s genomics review that
happened recently. One is that we need to invest in
machines, in the infrastructure that is essential for
conducting epigenome analysis. We are behind in this
compared to the United States. We certainly have the
abilities and the interest and the need to do it, but
there needs to be immediate additional investment in
this in this country. The MRC and other
organisations are looking at how that can be done
very quickly. The third and final thing is that this type
of analysis—and this aspect is not any diVerent from
other types of genomic analysis—has thrown up a
real need for bioinformatics and computational
expertise in this country. This capacity building is a
real challenge for us. We need to bring young people
who can talk the biology language into the areas of
analysis of genomes and epigenomes and the
development of tools to integrate genome and
epigenome information. Those are the three
important things that I think need investment; the
basic science, the infrastructure with respect to
machines, and the computational and bioinformatic
resources that we need.
Professor Hanson: I would certainly echo all those
things and add that I think the UK has a great
strength in two other ways, partly because we have a
fantastic set of cohort collections that are both
retrospective and prospective cohorts that really are
unmatched anywhere else in the world for studying
these processes, and secondly—

Q768 Chairman: What is the handicap of using
these cohorts?
Professor Hanson: I think it comes down to the
question of the technology, which is extremely
expensive. Ideally you will have a centralised resource
where people who have collected tissue banks or who
are studying a series of patients can pass that on to a
laboratory where the analysis can be done by
technicians who are trained and who do this routinely
and where there is then the access to the
bioinformatics. If we look at the promoter region for
just one particular gene, that may have ten or 15 CPG
groups within it and each of those may respond to
diVerent transcription factors, they will relate to the
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histone chemistry of that particular part of the
genome, that may be by non-coding RNAs— This is
just jargon, but perhaps I am giving you some sense
of the sheer complexity of the epigenetic analysis that
will be required. It may be two or three orders of
magnitude (100-1,000 times) greater than that that
you would have to use for single nucleotype
polymorphism analysis. That is not the sort of thing
that a small group of investigators who perhaps are
collecting some tissues from a particular kind of
cancer or looking at a particular set of changes in
cord blood from babies with a particular condition at
birth could do; they could not mount that kind of
expertise, it needs to be available centrally.

Q769 Lord Broers: I have been involved in a panel
with the National Academy of Engineering in the
States that identified 14 grand challenges for this
century, three of which related to medicine, one
specifically to informatics and instruments as well.
Engineers in the States are motivated and moving on
this one. Are you aware of any engineering
departments at universities in this country that are
really motivated and working with you?
Professor Ferguson-Smith: A lot of the
interdisciplinary initiatives that have been set up that
are driven by the charities and research councils have
really facilitated this in recent years, certainly in
universities, bringing together the physical sciences
departments with the biological and clinical
departments. Usually through joint appointments.
Having a dialogue between these people is important.
It has taken us a long time to get there and I think it
needs to happen more. In some ways it is hard to
drive this only from the top-down. This has also to
come from the scientists themselves in the form of
educating our young people in interdisciplinary
ways. I think it is a big challenge. It is happening in
Asia. I think that we really need to do this better.
Lord Broers: I agree with you entirely, I think it needs
to be done at the educational level. We have just got
to get these people out of their stove pipes. The
engineers know how to do a lot of these things. Look
at the clever things that are in data manipulation and
searching. People like Mike Lynch and Autonomy do
incredibly sophisticated things with data; they just
have not really turned their minds to these problems,
which are the most interesting problems.
Lord Winston: But there is, is there not, more
crossover between the research councils? EPSRC, for
example, has now got an increasing part of its budget
looking at the medical aspects of engineering.
Lord Broers: It is happening, but I think it has got to
happen a lot more and a lot faster and on a larger
scale.

Q770 Chairman: As Lord Winston said, we have
heard a lot of evidence about the importance of genes
and genetic acquired associations with disease and
about how that would begin to aVect the delivery of
health care. We have also heard the importance of
these genome-wide associations in single gene
diseases, in cancers, but also in common diseases. We
have heard less about the importance of taking on
board epigenetic factors and environmental factors
in determining these risks. Would you like to
comment on that?
Professor Scott: If it has not been apparent from what
we have said let us say it again. The metabolic and
cardiovascular diseases and many others seem to be
driven by processes which are determined by how we
live our lives, the toxins we inflict on ourselves,
smoking and alcohol, saturated fat and obesity.
These are central issues for the unborn child. They
are also broader than just healthcare; they are societal
in a way. Cancer and the metabolic syndrome, by
which I mean obesity, diabetes, cardiovascular
disease, are much more prevalent in deprived areas,
deprived boroughs of London or anywhere else in the
world. These are societal ills which need to be
addressed at multiple diVerent levels in terms of
education, the food and nutraceutical industry and
health care. It needs a very concerted approach to
these problems.
Professor Hanson: Let me take one example. Why is it
that people from south Asia living in the UK were
shown by McKeigue in 1991 in the Lancet to have a
much higher risk of type 2 diabetes, even those with
the same waist-hip ratio as their European
colleagues? I suppose then we thought we were going
to find a particular gene that people from the Indian
subcontinent carry and which gives them the risk of
metabolic disease in later life. We have not found that
gene. It may be, as we currently believe, it is
something to do with the nutritional transition in
moving from one country to another, especially at a
time in development when a potential mismatch
between the environment experienced in utero and
the actual environment later on in adult life sets up
this risk of disease. How does the environment alter
gene expression then in such individuals? It seems it
must be via an epigenetic change. Therefore, if we
could measure that change, spot the individuals who
are at risk, we could perhaps help them earlier in their
lives and potentially we could then talk to our
colleagues in the pharmaceutical industry and say,
“This is the bit of the genome that seems to be
changed. Can’t you think of a way of targeting a drug
to that?”
Professor Scott: This brings us back to a particular
area which I work on in West London with Professor
Jaspal Kooner. We had always considered that the
epidemic in Indian nations was genetic. We have
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failed to find it, but then we have failed to find a lot
of things with current genetics and we may well find
them. Epigenetics is potentially an explanation. A
traditional Indian diet which is high in saturated fat
is not a good thing and that may well impact on the
epigenetics as well as the genetics.
Professor Ferguson-Smith: There are currently
diagnostic tools available to study epimutations in a
population of diseases called “imprinting disorders”
in which DNA methylation is known to be either lost
or gained in patients that have these types of
syndromes. You can already use DNA methylation
diagnostically to determine whether these individuals
have this disorder or will go on to develop
phenotypes associated with these disorders. That is
already possible just from measuring DNA
methylation at particular genomic sites.

Q771 Lord Warner: I want to bring us back to ask a
question which I think is quite important to this
Committee about computational capability. We have
heard it said both in terms of genetics and epigenetics
that one of the barriers is the skill shortage, the
capability to actually keep up with the computational
requirements of the advances in science. A classic
governmental and organisational response in many
other areas where you have got that phenomenon is
you start by making a central initiative to create some
capability and as a service something which can
respond to scientists’ needs. You could actually see
Biobank as a governmental response in that area. Is
it something we should really give serious thought to,
that in fact if you want to make progress quickly in
the UK in this area there has got to be some central
initiative in this computational area otherwise we will
be relying on people at the local level working across
particular specialist areas and hoping something
will happen?
Professor Scott: You cannot have too many good
computer scientists. They work across multiple fields.
It is very traditional for many of them to go into
banking, because they are needed and it pays well,
but maybe they will not be doing that now! Two of
my best people went into banking. It is very hard to
find really good trained people. So what you say is
very apposite.
Professor Hanson: I would endorse that. It may well
require some centralised resource, especially for the
whole genome/epigenome-type of bioinformatics. It
may be that taking a candidate gene approach, which
is one that we have adopted very much for simplicity
to encourage collaborations with engineers and
mathematicians through the cross-council schemes,
will gain some new insights at a specific gene level, but
I think for the broader spectrum it is probably going
to require a national resource.

Q772 Chairman: Professor Scott, what one
recommendation would you like to see this
Committee make? I do not promise anything!
Professor Scott: We would like, from the more clinical
perspective, to apply this to searching out human
disease, very much like the genome-wide association
studies have done. That is actually quite challenging
because it is not as simple collecting DNA; one has to
collect tissues. There have been some epigenetic
adventures in the UK recently where people have
looked at common diseases and the ones which are
tractable are the ones which manifest in blood, such
as inflammatory bowel disease. Diabetes does not
lurk there. We now have almost 100 diseases where
the genome-wide associations have yielded fruit. We
could say that all of us in this room have predictable
diseases which we carry a constellation of risk too.
Epigenetics is more diYcult. I would like to consider
the issue of how do we biobank tissues because I
think that is going to be a limitation.
Professor Ferguson-Smith: I think it is the recognition
that epigenetics is, in terms of genome science, just as
important, if not more important, as our DNA
sequence. We will not understand how our genomes
work and contribute to disease unless we can
understand the epigenetics in which the DNA is
embedded. The second thing is really Lord Warner’s
point about how important it is to make a financial
investment in our bioinformatics and computational
scientists in this area of functional genomics. There
have been calls out by the research councils for a
while now that have not been attractive and I suspect
it is because the people with these skills are getting
more money in the private sector doing other things
with those skills. I think that needs to be looked at
seriously.
Professor Fisher: I think we need to invest in high
throughput technologies, high throughput
sequencing and computational biology. I am
convinced that the future of medicine lies with an
understanding of genetics but also epigenetics. Many
of us receive money from the EU for an epigenetics
network of excellence and there seems to be a
tendency to spend money on networking, which is
very useful, we have a very nice network that has been
developed over six years, but actually you need
money to do experiments.
Professor Hanson: All of the above with the addition
of the recognition of the importance of this area in
producing a sea change in medicine, particularly in
the prevention rather than in the treatment of non-
communicable chronic disease in this country and in
developing countries, because I think we are all beset
by the magnitude of the problem. We realise that
interventions in adult life are not doing enough and
we are not getting to the right people. The obesity
Foresight report concluded that interventions in
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pregnancy and in early life would be the best place to
get some leverage. To my mind and my colleagues’
minds that should be where epigenetics is operating.
But unless we can invest in that big time we are not
going to find a way of preventing this disease before
it is too late.

Q773 Chairman: It seemed to us when we were in the
United States that they seem to put much more
emphasis in terms of research, computational issues,
on genome-wide association and risk identification of
disease. Who is right?
Professor Scott: I think we have done quite well in the
UK. The Wellcome Trust put a great deal of money
in. It is an area we have been extremely successful in.
We have been able to cock a snoop at the Americans
and they have not liked it. They seem to be moving
ahead now. They have this massive epigenetics
project which the UK is not really going to take part
in. We are going to let them do the basic
characterisation of the marks in the genome, the
whole AHEAD project. We could soon lose traction

if we are not very cognisant of the areas that you have
heard about. The Broad Institute has 16 new DNA
sequencers that can do genetic and epigenetic work.
The whole business of re-sequencing is moving so fast
and we are scratching around to find one where we
can do some work.

Q774 Chairman: Do you think that the research
councils are favouring more genome-wide
association kind of studies and sequencing as
opposed to epigenetic research?
Professor Ferguson-Smith: I am not sure that that is a
useful way to think about it because I think that the
direction of the future is about marrying these two
together, it is really about bringing what we know
about the genome and what we know about the
epigenome together to paint this three-dimensional
portrait of how our chromosomes work. I do not
think you can do one without the other.
Chairman: It has been a most interesting session. We
appreciate it very much. Please feel free to send us any
information you may wish afterwards. Thank you all
very much.
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Memorandum by the National Institute for Health and Clinical Excellence (NICE)

1. Background

1.1 The National Institute for Health and Clinical Excellence (NICE) is the independent organization
responsible for providing national advice (“guidance”) on promoting good health and preventing and treating
ill health in the UK (guidance has variable status in the home countries). It was established as a special health
authority in 1999 to oVer NHS healthcare professionals advice on how to provide their patients with the
highest attainable standards of care. In 2005, its remit was expanded to include health promotion and disease
prevention.

1.2 NICE currently has four programmes that produce guidance, including clinical guidelines and
recommendations on “health technologies” (such as surgical interventions, pharmaceuticals and diagnostic
tests eg liquid based cytology for detection of cervical cancer) http://www.nice.org.uk/newsevents/
pressreleases/pressreleasearchive/pressreleases2003/2003 and public health. Most guidance takes into
account both eVectiveness (how well an intervention works) and cost eVectiveness (how well it works in
relation to how much it costs). Some guidance just looks at eYcacy (how well it works under ideally controlled
conditions). See Table for more information about the diVerent types of NICE guidance.

Table

NICE GUIDANCE PROGRAMMES

NICE programme Provides guidance on What the guidance takes into account

Technology appraisals The use of health technologies, Clinical eVectiveness and cost
which include: eVectiveness
pharmaceuticals
devices
diagnostics
surgical and other procedures
health promotion tools

Clinical guidelines The appropriate treatment and care Clinical eVectiveness and cost
of patients with specific diseases and eVectiveness
conditions

Interventional procedures The safety of an “interventional “Interventional procedure” means any
procedure” and how well it works surgery, test or treatment that involves

entering the body through skin,
muscle, a vein or artery, or body cavity.
Clinical eYcacy and safety of the
intervention. It does not take cost
eVectiveness into account.

Public health guidance Activities to promote a healthy EVectiveness and cost eVectiveness of
lifestyle and prevent ill health (for public health activities.
example, giving advice to encourage
exercise or providing support to
encourage mothers to breastfeed).
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NICE programme Provides guidance on What the guidance takes into account

Clinical eVectiveness: the extent to which a specific treatment or intervention, when used under usual or
everyday conditions, has a beneficial eVect on the course or outcome of disease compared to no treatment
or other routine care.

Cost eVectiveness: value for money; a specific health care treatment is said to be “cost-eVective” if it gives a
greater health gain than could be achieved by using the resources in other ways.

EYcacy: the extent to which a specific treatment or intervention, under ideally controlled conditions, has a
beneficial eVect on the course or outcome of disease compared with no treatment or other routine care.

1.3 NICE has 280 full time staV with an annual budget of £33 million with oYces based in London and
Manchester. However as its guidance development is supported through a series of directly commissioned
National Collaborating Centres and University based Academic Units funded through the National Institute
for Health Research, approximately 2,000 individuals (excluding stakeholders) are involved in developing
guidance at any one time.

1.4 NICE has produced 62 clinical guidelines, 142 technology appraisals, 256 interventional procedures, 12
public health interventions and two public health programmes.

1.5 Its processes are evidence based, transparent and highly consultative. It involves all stakeholders in the
development of its guidance, including academics, specialist and general health professionals, managers and
policy makers, representatives of the health care industries, patients and the general public.

1.6 It has a particular expertise in patient and public involvement and has established a designated patient
and public involvement unit and a citizen’s council which address social values underpinning NICE guidance.
http://www.nice.org.uk/aboutnice/howwework/socialvaluejudgements/socialvaluejudgements.jsp

1.7 It has established an guidance Implementation Directorate that support guidance implementation
through a series of education and liaison functions and develops support tools (including costing templates)
to go with each guidance document (web links). http://www.nice.org.uk/guidance/index.jsp?action%byID
&o%11586

2. NICE’s Involvement with Genomic Medicine

2.1 The success of the Human Genome Project has led to increasingly rapid translation of genomic
information into clinical applications. Genetic tests for more than 1,200 diseases have been developed, with
more than 1,000 currently available for clinical testing. Most are used for diagnosis of rare genetic disorders,
but a growing number have population-based applications, including carrier identification, predictive testing
for inherited risk of common diseases, and pharmacogenetic testing for variation in drug response. These tests
and other anticipated applications of genomic technologies for screening and prevention have the potential
for broad public health impact.

2.2 NICE’s key involvement in Genomic Medicine is in the use of genomic information in its guidance
development.

2.2.1 This can be central to the guidance eg in the development of the Clinical Guideline on the management
of familial breast cancer http://www.nice.org.uk/guidance/index.jsp?action%byID&o%10994 and familial
hypercholesterlaemia: identification and management http://www.nice.org.uk/guidance/index.jsp?action%

byID&o%11627

2.2.2 Or NICE may utilise genetic tests as part of the guidance eg in identifying appropriate patients for the
use of an intervention eg two appraisals of pharmaceuticals have required diagnostic technologies to be taken
into account; HER2 immuno histo chemistry (IHC) versus fluorescence in situ hybridization (FISH) testing
for trastuzumab in early HER2! breast cancer (Technology Appraisal TA107) and CD117 testing in the
appraisal of imatinib for the treatment of gastro-intestinal stromal tumours (Technology Appraisal TA86).

2.2.3 Or for identifying patients at risk of disease eg antenatal guidelines. http://www.nice.org.uk/guidance/
index.jsp?action%byID&o%11947

2.2.4 Or NICE might assess the cost-eVectiveness of a genetic test itself as a health care intervention in its
own right eg thrombophilia testing. http://www.nice.org.uk/guidance/index.jsp?action%download
&o%34844

2.3 NICE is aware that genetic laboratory testing is currently covered by the UK genetic testing network
http://www.ukgtn.nhs.uk/gtn/ and is regulated in terms of which labs oVer testing and which test is done.
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2.4 However genetic tests have received considerable attention recently in the context of how to assess their
appropriate contribution to health care eg as outlined in the paper by the PHG foundation; “The evaluation
of diagnostic laboratory tests and complex bio-markers” http://www.phgfoundation.org/pages/work7.
htm<summit

2.5 NICE concurs with many findings of this report, particularly those that suggest that true evaluation
extents beyond merely assessing the validity of the genetic assay and should include the assessment of clinical
utility, eVectiveness and cost-eVectiveness of the test. Furthermore additional issues such as equity and ethical
and population acceptance should be considered.

2.6 The report suggests that in an ideal world tests should only be available for routine clinical use following
the provision of adequate evidence of clinical validity and utility. It noted that a number of bodies were already
involved in test evaluation [the National Institute for Health Research Health Technology Assessment (HTA)
programme, the National Institute for Clinical Excellence (NICE), NHS PASA Centre for Evidence-based
Purchasing (CEP) and independent research programmes by the MRC, universities and others] but none had
a specific brief for diagnostics.

2.7 The report observed that the number of evaluations carried out by these bodies was small, and evidence
from the UKGTN showed that in many cases it was the lack of data on which to carry out the evaluation, as
distinct from having a body able to carry out the evaluation, that was the limiting factor.

2.8 As new genomic technologies with potential applications in clinical practice continue to become
available, there is an increasingly urgent need for timely and reliable information that will allow health care
providers and payers, consumers, and policy makers to distinguish tests that are safe and useful.

2.9 The need to develop evidence to establish eYcacy and cost-eVectiveness before tests are commercialized
has been highlighted in the United States. The findings equally apply to the UK setting.

2.10 In the PHG report NICE assessments were agreed “to be the gold standard . . ., but as their procedures
were rigorous . . . (they were) . . therefore time consuming”.

2.11 Whilst specific tests of major national importance could be dealt with by this system, the report suggested
that NICE (as currently configured) would not be able to deal with the volume that diagnostic test evaluation
required. Nevertheless the report concluded that NICE had a specific place within a general system for test
evaluation.

2.12 They postulated that NICE or the HTA programme could establish under their aegis a specific
diagnostic assessment process akin to that which now exists for interventional procedures guidance.

2.13 The number of tests that potentially need evaluation is huge; it would be important to give consideration
to which tests to give priority to. For example tests recognized as having wider population application (eg
higher disorder prevalence, higher frequency of test use), and those with the potential to impact clinical and
public health practice. Tests could include those used in a specific clinical scenario to guide intervention (eg,
diagnostic workup, treatment, or prevention) or tests used for risk prediction or population screening. NICE
could use its existing consideration panels to prioritise.

3. Patient and Public Involvement

3.1 In its call for evidence the House of Lords committee asked “what provisions are there for ensuring that
the individual will be able to understand and manage genomic information, uncertainty and risk”.

3.2 NICE is committed to patient, carer and public involvement. By working with patients, carers, patient
organisations and the public, NICE aims to produce guidance that addresses patient/carer/public issues,
reflects their views and meets their healthcare needs.

3.3 Patients, carers and the public can get involved in the work of NICE simply by commenting on draft
versions of our guidance. But there are also opportunities to get involved more directly in the work NICE
does to produce its guidance. This includes contributing to making the decisions that have to be taken when
recommending that the NHS should oVer new treatments.

3.4 NICE has established a Patient and Public Involvement Programme (PPIP) to provide it with advice on
involving patients, carers and members of the public. PPIP also identifies patient, carer, community and other
lay organisations interested in contributing to its work programmes. The PPIP promotes eVective patient,
carer and public input to NICE’s work by providing training and support to these organisations, and to those
individual patients, carers and lay people who contribute to NICE’s work programmes. NICE is committed to
promoting equality and eliminating unlawful discrimination (for further information, please see our Equality
Scheme and Action Plan).
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3.5 A key interaction between NICE and patients and the public is to ensure that they understand the
guidance, particularly the concept of risk.

3.6 The Institute presents risk information for a variety of topics and in a variety of formats. For example:

— An individual patient’s decision-making about whether or not to undergo novel surgical procedures,
such as deep brain stimulation for Parkinson’s disease.

— A patient’s or family’s current and/or lifetime risk of developing an inherited condition, such as
familial breast cancer.

— Multi-factorial risk calculations, such as those of Caesarean section versus vaginal birth.

— Population risks for issues of public health concern, such as uptake rates for immunisation.

3.7 It is vital that individuals have suYcient understanding on uncertainty risk in order that they can
appropriately access genomic medicine-related information. The Institute has commissioned a review of
existing data to understand the information that needs to be presented in its work.

3.8 The review will summarise the research on how patients weigh the risks and benefits of diVerent options
when making decisions about whether or not to undergo a treatment or procedure. It will identify potential
options for the eVective presentation of clinical and public health risk information to a lay audience. A critical
appraisal of each option needs to be undertaken, summarising the advantages and disadvantages, and
presenting the evidence-base for eVectiveness of its use.

3.9 These options need to address:

DiVerent types of risk (such as risks posed by an intervention versus risk of alternative or no interventions,
risks to a population versus risks to an individual etc), over diVerent time periods (immediate, short-term,
lifetime etc).

— Absolute versus relative risk.

— DiVerent formats for presenting data (numerical, prosaic, pictorial, interactive).

— Whether diVerent strategies need to be used in diVerent circumstances (for example, are diVerent
strategies needed when explaining risks of surgery as opposed to risks of an unforeseen unintended
risk associated with disease prevention).

— Whether there are any existing standard methods that are in common usage.

3.10 It will summarise the research literature on presenting risk information to a lay audience. This should
include: the type of research carried out; the available evidence base for the eVectiveness of diVerent methods;
areas of uncertainty; and gaps in knowledge.

3.11 The results of this research will be available and could be applied to emerging issues raised by the public
understanding of genomic medicine.

4. Conclusion

NICE has experience of evaluating genetic diagnostic tests and considers that a range of solutions could be
put in place to respond to the challenges of identifying and supporting their appropriate use in the NHS.
NICE could play a role in assessing genetic tests in the context of its appraisal and guideline programmes as
part of a broader approach to genetic testing.

21 April 2008

Memorandum by the Medicines and Healthcare products Regulatory Agency (MHRA)

I am responding to your e-mail of 23 June to Neil Ebenezer requesting further information about the work of
the MHRA. Your request can be split into three areas which I will deal with separately.

Firstly you request information on the remit of the Agency and whether we have any diYculties in deciding
what falls in or out of this remit. Secondly you are interested in our authority in terms of genetic tests carried
out in the NHS, in the private sector and in relation to direct-to-consumer genetic tests. Finally you ask our
views on the regulation of new emerging tests.
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Remit of MHRA

The MHRA is an Executive Agency of the Department of Health and its activities are governed by its Trading
Fund Order 2003 (SI 2003 No 1076, as amended). In terms of medical devices the Agency is the Competent
Authority for medical devices in the UK which we regulate under the Medical Devices Regulations 2002 (SI
2002 No 618, as amended). The Regulations transpose into UK law a number of European Medical Devices
Directives one of which is the In Vitro Medical Devices (IVD) Directive which is the Directive your Committee
is interested in the context of this Enquiry.

In the Government’s Memorandum to the Committee dated April 2008 Annex E covers MHRA and the IVD
Directive so I will not repeat any of that evidence here. That said I will expand on that evidence to hopefully
give the Committee a better understanding of the Agency’s role in the regulation of IVD’s especially genetic
test kits. As stated the Regulations require manufacturers to meet certain relevant essential safety requirements
in order to place their products on the EU market. There are four risk classification associated with the risk
associated with relative dangers to public health and/or patient treatment by a kit not performing as intended.
Genetic test kits fall within the lowest risk category and therefore the manufacturer self declares conformity
with the requirements of the Directive. The manufacturer then registers with the Competent Authority where
he has his registered place of business and places his device on the EU market. Unless the test kit is for self
testing there is no third party Notified Body involvement in the assessment process. I should therefore clarify
that the Agency is not involved in this pre market process. The role of the Competent Authority is in the main
in the post market phase to ensure that only compliant devices are placed on the market.

As far as post market surveillance is concerned the Agency would investigate any complaints received about
a genetic kit’s compliance with the Regulations and also undertake proactive inspections where indicated on
a risk assessment basis. Under the terms of the IVD Directive manufacturers also have a legal obligation to
report to the Competent Authority serious adverse incidents brought to their attention. The Agency
investigates all such reported incidents and takes whatever corrective action is necessary. The Agency has only
received two reported incidents of a genetic test. One not a device related issue and the second was a software
issue which was resolved.

In conclusion therefore in terms of the regulation of IVD test kits the Agency’s remit extends to the designation
and auditing of UK Notified Bodies, the registration of IVD manufacturers, investigation of adverse incident
reports and market surveillance. Such activities are determined by the requirements in the IVD Directive.

Genetic Tests Carried Out

I think it is important to stress at this point that the Agency has no authority in relation to the actual genetic
tests themselves carried out in the NHS, or in the private sector. The Agency’s competence is in ensuring that
genetic test kit itself meets the requirements of the Regulations. The Agency’s remit does not extend to
regulation of the service provider in terms of competence, how and where the tests are carried out or how the
results are transmitted to the patient.

The majority of genetic tests used are assays put together in the hospital laboratory and used in that healthcare
establishment’s premises on their own patients. This is considered to be in-house manufacturing and because
there is no placing on the market is not covered by the provisions of the Directive. Such establishments are
encouraged to manufacture their assays in accordance with the requirements in the Directive and to report any
adverse incidents to the Agency.

In addition there are a number of commercial genetic testing service providers who provide a range of services
on the basis of a supplied sample providing data for linkage analysis, carrier screening, prenatal diagnostic
testing, newborn screening, forensic testing, conformational diagnostic testing ie for leukaemia, etc. The kits
themselves would be subject to the Regulation but not the private sector laboratories themselves. Turning to
direct-to-consumer genetic tests the Agency is not aware of any genetic kits being made available over the
counter for use by the general public in the home environment. However if any became available they would
have to be designed and manufactured in such a way that they perform appropriately for their intended
purpose taking into account the skills and means available to users and the influence resulting from variation
that can reasonably be anticipated in users technique and environment. The information and instructions
provided by the manufacturer should also be easily understood and applied by the user taking into account
their level of knowledge.
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Regulations of New and Emerging Tests

Under the terms of the IVD Directive such kits have to meet the requirements of the IVD Directive. The
Directive also requires that a manufacturer of a new kit informs his Competent Authority accordingly when
he places a product on the market. The Directive defines “new” as if:

(a) there has been no such device continuously available on the Community market during the previous
three years for the relevant analyte or other parameter; and

(b) the procedure involves analytical technology not continuously used in connection with a given
analyte or other parameter on the Community market during the previous three years.

I hope that this provides suYcient information for the Committee to better understand the work of MHRA.

15 July 2008

Examination of Witnesses

Witnesses: Professor Peter Littlejohns, Director, Clinical and Public Health Directorate, National Institute
of Clinical Excellence (NICE), Mr Richard Gutowski, Head of Compliance and European Business Medical
Devices and Mr Thomas Lönngren, Executive Director of European Medicines Agency (EMEA) examined.

Q775 Chairman: Good morning, gentlemen and
welcome to the members of the public to this evidence
session. We have leaflets put out for those members of
the public and there is information about the interests
of the Members of the inquiry. Can I welcome our
witnesses today representing the regulatory
authorities; we are very grateful to you all for taking
the time and trouble to come and help us with our
inquiry. We consider this evidence session extremely
important to explore with you the regulatory roles
each one of your organisations has in the area of
genomic medicine. Can I ask you to say who you are
and who you represent the first time you speak so that
we can record it; and can I invite you if any of you
have any opening comments to make to feel free to do
so before we start? After that we will go to the
question session and each Member of the Committee
will have a question for you. Do any of you want to
make an opening statement?
Mr Lönngren: Thank you very much and thank you
for the invitation to this Committee today. I am
Executive Director of European Medicines Agency
(EMEA). We have responsibilities for the scientific
evaluation of new medicines on the European market
and we also have the responsibility with our scientific
committees to issue the guidance for drug
development for the pharmaceutical industry and
following the safety of medicine from a European
perspective. We have been located in London for 14
years, we employ about 600 people and we have our
oYce in Canary Wharf. We have six scientific
committees, 34 working parties with around 800
meetings per year. That is in summary what the
EMEA is doing. I have been Executive Director for
eight years now.

Q776 Chairman: Thank you very much. My first
question to all three of you is could you tell us what
is the role of each of your regulatory authorities in
terms of genetic tests for single gene disorders,
predictive genetic tests for common diseases and tests

of drug eVectiveness and toxicity. I have some
supplementary questions but what is the role of each
one of your regulatory authorities in this area?
Mr Gutowski: Can I start, my Lord Chair? My name
is Richard Gutowski from the Medicines and
Healthcare Products Regulatory Agency, which is an
executive agency of the Department of Health.
Within our organisation I have responsibility for
enforcement of the medical devices regulation and for
European policy issues. So in answer to your
question the Agency, as I have said, is the regulatory
agency which regulates the first placing on the market
and first putting into service of genetic test kits which
come within the definition of an IVD within the
European IVD Directive. The MHRA has a number
of roles within that remit apart from being the
enforcement authority which has responsibility to
ensure that only compliant test kits are placed on the
market. It also has a wider remit in the sense that with
the higher risk test kits—and we will come on to this
distinction, I am sure, during the course of further
questioning, between low risk and high risk test kits
and how they are regulated and the degree of
involvement by the regulatory agency—where there
is a higher test kit being placed on the market the
manufacturer must have the conformity assessment
procedure verified by what is called a notified body.
This is a third party, independent test house
designated by Member States to carry out this task. I
would just suggest at this point that there is no
involvement by MHRA in pre market approval of
HIV test kits; our role is in designating these
independent organisations who undertake the
conformity assessment procedure on behalf of
manufacturers. There are a number of notified bodies
designated across the whole of Europe and
manufacturers can use whichever notified body they
wish—a UK manufacturer does not have to use a UK
notified body. These notified bodies are designated by
their competent authorities—as I said, in the UK that
is MHRA—as being competent to assess HIV or any
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other genetic test kit that is placed on the market.
They must be able to satisfy the authority that they
have the competence to carry out that work. As far
as general medical devices are concerned, the Agency
also has the responsibility in assessing applications
for clinical trial assessments. The Agency has a
responsibility for maintaining a register of IVD
manufacturers and other manufacturers who place
products on the UK market and the Agency has a
responsibility for authorising the use of devices which
do not have a CE mark of conformity for
humanitarian grounds—this is normally in a life or
death situation for an individual patient, where the
clinician will apply to the Secretary of State, ie the
Agency, and ask for a dispensation to use a non-CE
marked product in exceptional circumstances. So we
have a wide range of responsibilities but as far as
genetic test kits are concerned, we do not have a pre-
market approval role as specified under the
Directives and the regulations.

Q777 Chairman: Professor Littlejohns.
Professor Littlejohns: Good morning, my Lord
Chairman; thank you very much for the opportunity
of presenting NICE’s perspective on this. I am the
Clinical and Public Health Director at NICE and
have been in post since NICE was started in 1999. My
responsibilities have been to advise the Institute on
the development of its guidance development
programmes, concentrating mainly on the clinical
guidelines programme, which related to my previous
experience as a Professor of Public Health at St
George’s and heading up an EU-sponsored project
looking at how to develop the best way of assessing
the quality of clinical guidelines, and that particular
research project created the AGREE instrument that
now represents the gold standard. From NICE’s
perspective we are not, strictly speaking, a regulatory
authority. As my colleagues have said, they look at
safety and eYcacy; what NICE looks at is the added
value of any intervention, be it a clinical guideline, a
drug, to the routine use in the NHS. So in the context
of today’s discussion we are the user of that
information in terms of when we produce a clinical
guideline, for example for the management of
familial breast cancer, we are looking at the utility of
the various genetic tests; and indeed when we are
looking at the appropriateness of new drugs in the
NHS, for example Herceptin, we need to again know
the appropriateness of the tests that will identify the
patient sub-groups.

Q778 Chairman: Do you have any comment to add,
Mr Lönngren?
Mr Lönngren: Yes. From our point of view we do
involve ourselves in this area when it comes to predict
eVectiveness and toxicity of drugs, of course. This we

are doing during the drug development. We are giving
scientific advice to the pharmaceutical industry when
they develop their medicines. And an increased
number of drugs now include pharmacogenetic
markers and we have a special working party, the
Pharmacogenomic Working Party, where we have
collected most of the expertise on the European level
and this working party has issued several guidelines
and position papers to guide the industry when they
develop drugs. We have approved a few drugs where
we had genetic tests that are done on patients like, for
example, the Herceptin. The issue is that we are
involved during the drug development phase where
we give guidance to the industry and also validate
their methods, but when the product had been
approved and has come on to the market we do not
have any responsibility to look into the tests that
have to be used in order to diagnose the patient and
select the right patients that should be treated by
these drugs. So here, I think, we have a gap in the
European legislation where devices are regulated by
the Device Directive and medicines are regulate by
the medicines regulation, and there is no
communication between these two legislative
interventions. So when we are approving a medicine
we are approving a medicine on the basis of a risk
benefit evaluation. If, for example, there is a new
biomarker based on genetic tests that predicts safety
and eYcacy for this product we do the approval of the
product on the assumption that there exists a
validated test out there on the market, but we do not
have any possibility to control it, we do not have any
possibility to look into these test methods out in the
market so in the labelling, when we are approving
new medicines, we are assuming that validated tests
exist out there in the healthcare system, but of course
this is not satisfactory from a public health point of
view because maybe there should be a system where
we also have the possibility to validate these test
methods that are used out there in the healthcare
system, in combination with approval of the
medicine.

Q779 Chairman: Mr Gutowski, would you agree
with that comment, that there is a gap in regulatory
function?
Mr Gutowski: I will answer your question and then I
will qualify my answer. I think the answer to your
question is yes, there is a potential gap there. I think
I need to qualify it in the sense that I would not want
to give the impression that the test kit that is part of,
say, the development of a drug, is in any way
unregulated. The manufacturer of that test kit would
need to have got CE marked approval to have placed
that kit on the market for that specified intended
purpose of being part of the process of targeting the
drug therapy and valuation of the particular drug.
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The view of the Agency is that there are an increasing
number of genetically targeted drugs that require
suitable tests to go with the drug to be clinically
useful. We see a possibility of a move that the
regulatory framework could be adjusted so that the
drugs and the associated tests are regulated alongside
each other—we are open to this.

Q780 Chairman: They are not currently?
Mr Gutowski: They are not currently. But we would
have to consider how best to achieve this and this
debate has not happened across Europe in the
medical devices sector. My colleague from the EMEA
will be able to inform you whether that debate has
happened on the medicines side across Europe, but it
is clearly a debate that has to take place and there
would need to be an involvement with or between the
drug regulatory authorities and the medical devices
regime, i.e. perhaps the notified bodies that I
referenced earlier, for some sort of collaboration for
this joint approach to go forward, and this is
something that the agency would support and would
pursue further, yes.

Q781 Chairman: Does NICE, when it evaluates a
new drug for its eVectiveness, at the same time assess
the need for a biomarker test to be done in
conjunction and does this advice include that?
Professor Littlejohns: The quick answer is yes,
Chairman. If we are looking at the cost eVectiveness
of a drug then part of that assessment in terms of how
useful it is for the NHS would include the assessment
of the biomarker. Could I just add another dimension
to your previous question around the cohesion of the
regulatory system? You will be aware that since this
Committee received written submissions—Lord
Darzi has produced his report on the NHS and raised
this issue of trying to speed up the process of
assessment of diagnostic tests; part of our response to
the report is looking very carefully at how we can
create a single pathway so that diagnostic tests and,
indeed, devices once they have gone through the
regulatory system, will then be identified and we
would then have a system to identify exactly which
element would need further assessment to make it
useful for further decisions within the NHS—NICE
has submitted a proposal to ministers which is under
consideration at the moment.

Q782 Chairman: Are you able to tell us what that
proposal is?
Professor Littlejohns: The proposal is that there is a
common pathway for diagnostic tests and for devices
and then an advisory body would decide what was
the next stage: would it require a full technology
appraisal using NICE’s processes or would it be just
a question of developing a business case and clarity of

information? Or would it need to be incorporated
into another of NICE’s programmes? We have been
invited by the Department of Health to explore the
creation of a diagnostic assessment programme
which would look specifically at the cost eVectiveness
of diagnostic tests as well as our technology appraisal
programme around the drug assessments.

Q783 Chairman: I am sorry to labour the point, but
the question of whether it is drug assessment, the
eYcacy of the drug depends on whether the patient
can be tested for the appropriate biomarker. As I
understand it the drug is not approved for marketing
unless there is evidence that such a biomarker is
available. The problem seems to be that there is no
regulation related to the availability of the
biomarkers, correct? And that gap still will not be
bridged by your proposal?
Professor Littlejohns: That is correct.

Q784 Baroness Finlay of LlandaV: I wanted to
pursue this question of testing a little bit further in
terms of you talking about testing kits and the
regulation of those, but I wondered where you have a
biomarker how many diVerent options in testing you
think should be considered and what the margin of
error on each of those diVerent tests would be
acceptable; and how do you think that information
should be collated and the diVerent ways of testing
for a biomarker therefore regulated in terms of which
would be acceptable to go through and which would
not be acceptable to go through? Because simply
having a test and giving it the green light really does
not monitor at all what happens further down the
line.
Professor Littlejohns: From NICE’s perspective I
think the key issue is that we would only look at a
particular biomarker if it had its CE mark, but that is
looking very specifically at the issues around validity
of that particular test—its safety, its predictive value.
From NICE’s perspective we feel that we then should
move on to the actual clinical utility of that test and
its appropriate use in the care pathway because
ultimately a test may fulfil all the regulatory
requirements and yet it does not actually contribute
to improvement in the health of that particular
patient group. For that assessment to take place—
and this is where I came back to this idea of a
pathway—there needs to be a decision of how many
of those particular tests you would want to assess in
terms of the whole pathway of care. Our experience
to date is that there is a very poor evidence base to
allow those decisions to be made and one of the key
requirements of this single pathway would be to have
a very active research and development programme
in conjunction not only with the public funders but
also the industry funders to ensure that that evidence
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is available. From our perspective, because we are not
a regulatory authority, it is about encouraging the
creation of that evidence base and fitting it into our
processes rather than legislating for it. Perhaps my
colleagues would comment on the actual regulatory
mechanisms.

Q785 Chairman: Do either of you want to comment?
Mr Lönngren: As I said, we are not involved in
products on the market that are testing the genetic
markers. As I said, when we are making our decision
we are making it on the assumption that it is a
validated test method out there in the healthcare
system. These kinds of test systems are very
complicated and it is not so easy and I think there is
a need to have a close relationship between the
labelling and the text in what we call the SPC of the
medicine, and also involving science development of
these tests because many of these tests are under
continuous research and you are getting new
information from these test methods which will aVect
the decision to put the product on the market. So
there is a constant relationship between evolving
science and the knowledge of these test methods out
there in the healthcare settings and also the decision
to approve it, and that could even change the
indication of the medicine and the contraindications
that we are giving for a drug, and certainly the dosage
scheme of the drug. But, as I said, we are not
involved; it is not under our supervision to look into
these products. We do the approval on the
assumption that they are validated tests out there on
the market and that is obviously not the case.

Q786 Lord Warner: Can I probe a little further this
area of the validation of tests and these slightly
mysterious bodies, the designated bodies who seem
to be out there, and Mr Gutowski is saying that the
MHRA has no pre market approval system. Correct
me if I am wrong, but as I understand what you are
saying, across Europe, country by country, people are
approving designated bodies for the validation of
tests. They may or they may not have the same
standards in individual European countries for that
process, which seems to be what you are saying, but
any test manufacturer can choose which designated
body they use for validation of their tests. I am not
clear then who makes sure that each of those
designated bodies continues to be up to date and
competent to carry on validating an increasingly wide
range of tests which are getting more and more
complicated, where the science is approving more
and more options. So if I were unkind it sounds a bit
of a free for all, but have I misunderstood something
in what you are saying?

Mr Gutowski: I hope it is not a free for all otherwise
we, as competent authorities, over the years have
failed in our obligations with regard to these notified
bodies and how they designate and how we audit
them and we maintain a confidence that they are
competent to carry out the work for which they are
designated. You are absolutely right in the sense that
it seems that there could be a free for all in the sense
that there are a large number of notified bodies across
Europe to which manufacturers have free access,
which are designated by their competent authorities,
perhaps in diVerent ways. Because the Medical
Devices Directives are primarily single market
measures their raison d’être, their bottom line is to
remove technical barriers to trade. So once you have
a CE mark of conformity in one Member State that
gives you free access to all the 27 Member States. It
has been clear over the years through experience that
there has been a diVerence in the way that Member
States have designated and audited their notified
bodies with regards to competence in assessing the
conformity assessments for medical devices, in this
case genetic test kits. Member States recognised this
about five or six years ago and decided to move
towards a common approach of designating and
auditing notified bodies and Member States at this
point set up a group of experts in designation of
notified bodies—it is called the Notified Bodies
Operations Group—and the United Kingdom
actually chaired that group for all the first five years
of its existence, and that chairmanship has now
moved on to Germany. What that group has done is it
has produced a designation handbook against which
competent and designating authorities are expected
to work, and that has improved the quality of
designation but it is still not going to guarantee that
in fact every single Member State controls its notified
bodies in exactly the same way, but it helps to move
everybody up to a gold standard. What that group
has also done is introduced a system of peer review
whereby one Member State will peer review another
Member State as to how they deal with their notified
bodies and make sure that the notified bodies are up
to date in respect of being able to designate, assess the
medical advisers and keep up to date with the moves
in science clinical practice and whatever. One of the
suggestions that the United Kingdom put forward in
response to the Commission’s latest review of the
medical device sector—and we will come on to that,
I believe, later on—is that this peer review system is
actually made mandatory as part of the requirements
in the Medical Devices IVD Directive. So there is a
move. I hope it is not a free for all out there and I hope
that we are working hard to make sure that it is not,
but all Member States are working very hard to
ensure that their notified bodies are up to date with
the science, are up to date with clinical practice and
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are able to designate their notified bodies to
undertake this task.

Q787 Baroness O’Neill of Bengarve: A few small
follow-ups. Has any designated body ever lost its
designation and is there any evidence of
manufacturers tending to go towards certain
designated authorities because they suspect that it
would be an easier ride, or more cooperative ride?
Mr Gutowski: As far as the United Kingdom is
concerned we have de-designated one notified body
over the last ten years and I think in the space of the
last number of years each one of our notified bodies
has at one point or another been the subject of some
sort of control/restriction on their ability to deal with
certain products because they may have lost a certain
expertise and have not been able to replace it, for
example, with a level that we would expect. In answer
to your second question, in the Commission’s review
they made the suggestion that there was shopping
around by manufacturers of choosing a notified body
that they perceived was easy, was quick, was cheaper
than others, but as Member States we have not come
across any evidence of that; we have not come across
any evidence of manufacturers, once they have
appointed a notified body, then moving to another
notified body because they feel that that notified
body was too tough on them. We have not received
that evidence. I cannot put my hand on my heart and
say that it has not happened but we have not come
across that type of thing as going on.

Q788 Lord Warner: Genetic tests for single gene
disorders are appraised by the UK Genetic Testing
Network but they do not appraise genetic tests for
common diseases, or pharmacogenetic tests. NICE
provides guidance on the use of pharmaceuticals,
medical devices and diagnostic tests, and MHRA
plays a role in the regulation of medical devices, as we
have discussed, and diagnostic tests that are covered
by the In Vitro Diagnostic Devices Directive. Which
body do you collectively think is best placed to
appraise and regulate the use of genetic tests for
common diseases and the use of pharmacogenetic
tests for assessment of drug eVectiveness and
toxicity? Could NICE and MHRA take on these
roles or is a new body required?
Mr Gutowski: I can start, my Lord Chairman. I think
we answered that partly in our previous answer where
we felt that there was a move or there could be a move
to some sort of joint assessment of the test kit and the
drug. I think the important issue is that as far as the
MHRA is concerned that the MHRA’s current role
is, as I said, in assessing or ensuring that compliant
test kits are placed on the market at the first placing
on the market. As currently drafted the legislation
does not give the MHRA a role with regard to how

the test is used or where the test is used and the
circumstances surrounding that particular aspect
but, again, with this review that is coming up of the
medical devices regime, there is a scope for much
more transparency with regard to the assessment of
these types of kits, and that is a position that the
United Kingdom will be pursuing during
negotiations of that particular revision exercise and
that is something that we are keen on improving
transparency in this area.
Professor Littlejohns: If I could follow on from that
response? I think it is important to distinguish the
regulatory mechanisms and I think that the MHRA
obviously is crucial in undertaking those activities,
but there is this added dimension of once it has gone
through that process what is the added value of that
particular intervention to the health of individuals
and to the public health, especially if these tests are
becoming increasingly available to the general public.
So we feel at NICE that there is an opportunity for
an additional programme to assess on an individual
basis these particular tests and which type of further
evaluation is required. It may be that because of the
nature of the disease, the importance of the tests, that
there is a full, what we would call technology
appraisal evaluation of it in terms of its usefulness to
the NHS—and indeed if it is useful—a reinforcement
of that mechanism to ensure that the NHS does take
up that test very quickly. But it may be that other tests
just need to be notified and assessed from a business
planning perspective and not going through that
process. I think what is required though is a clear
process that both the industry and the regulators and
the users of those drugs, those interventions,
understand, so that there is a clear process to speed
up those interventions that are useful and perhaps
slow down or be cautious about those particular tests
that may not be as appropriate for widespread use in
the NHS as the industry may think.

Q789 Chairman: The current process that you use,
that NICE uses for evaluation of new drugs and their
eVectiveness, is based on the evidence of the drug,
after marketing, how eVective it has been for a
condition. How would you evaluate, do the
technological assessment in terms of test kits for a
biomarker as a test?
Professor Littlejohns: That is the key question, my
Lord Chairman. It is very diYcult. We have had some
preliminary assessments and our feeling is that it is
still an area for development in conjunction,
obviously, with our research and development
colleagues. But from NICE’s perspective it is not just
assessing the test in its isolation—and that is why I
distinguish between NICE’s role and the regulatory
authority’s role—but how that test actually
influences the decisions made by clinicians and
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patients and ultimately does that test lead to an
improvement in the health status? Because however
eVective a test is, if it does not alter the quality of life
or life expectancy of a patient then from the
healthcare perspective it is not a way forward. We
have certainly found, even with assessment of drugs,
that when NICE was established there was a bit of
confusion between the data that was required to
assess safety and eYcacy and to assess clinical and
cost eVectiveness. Quite often that evidence was not
there so we relied very much on other sources of
evidence—patient and professional experience—and
used that in the process of modelling. That is
obviously a way forward.

Q790 Chairman: For instance, do you know how
many patients are prescribed Herceptin who do not
have the biomarkers?
Professor Littlejohns: We do not have that figure but
our guidance specified that they would actually have
to have that test and that would be the responsibility
of the NHS to undertake that process and it is
certainly a prerequisite of gaining Herceptin to have
gone through that process.

Q791 Lord Taverne: As NICE says in its evidence
the number of potential tests is huge, growing fast.
Do you think you can cope?
Professor Littlejohns: We could not cope going
through a formal process; that is why I mentioned at
the beginning of actually having a screening process,
where tests are notified and then there is an advisory
panel that makes a decision on which tests should go
through a more formalised process. It is almost
starting with at least, as you say, let us understand the
size of the problem and let us have some form of
notification and registration of these tests and begin
to understand, as my Lord Chairman has said, what
is the required evidence base for these decisions to be
made in the future.

Q792 Lord Warner: Would NICE’s job be easier—
because I can understand your problem in terms of
trying to establish the clinical utility of these
particular tests—if there was a more robust system
for both validating the tests, ie establishing that they
do and what they claim to do, and a more regularised
system for linking those tests to the use of particular
drugs through the regulator of those drugs, because it
seems to me from listening to this discussion that you
are put in a position of trying to make sense of those
two other areas, which is not your main job—your
main job is clinical utility. So would your job be easier
if those other bits were tidied up?
Professor Littlejohns: The short answer is yes,
absolutely.

Chairman: I suppose the regulatory gap is as
identified by both EMEA and MHRA.

Q793 Lord Warner: This is a fairly straightforward
issue. Mr Gutowski mentioned that it is not their
remit under legislation at the moment, to which the
straightforward response is why do we not change it?
But the more significant issue is, I suppose, the cost
issue. So do we have any idea, if this system was
tightened up in the way which seems to be required,
where the funding flows would come from and who
would need to receive them?
Mr Gutowski: I have no answer to that question at all.
I do not think any costing has been carried out. I
think the diYculty from the perspective of the
MHRA is that there is a diVerent funding stream with
regards to the licensing of medicines, which generates
the funding for the medical side of the Agency and
the activities on the devices side, which is funded
from the central vote. But, as I am aware, no costings
of the order that you have mentioned have been
carried out.
Mr Lönngren: You all know that the Commission has
released a consultation paper in order to revise the
Medical Device Directive and I think the
Commission now has received the feedback from
many of the Member States about this. One of the
proposals from the Commission was for all high risk
medical devices to create a scientific committee on the
European level with some kind of pre-authorisation
on these high risk products. Specifically in this
consultation document the issue of genetic testing
was not mentioned; that was more general for all high
risk products within the medical device. So that was
the proposal from the Commission and I think also
in the consultation paper they proposed that such a
committee could be located at the EMEA. I have had
the pleasure to look into the diVerent replies from the
Member States and also from the industry and there
is quite high resistance, I would say in order to get this
tasked to the EMEA and there are diVerent kinds of
arguments why it should not be at the EMEA. But
this is now up for a political discussion in the
European Parliament, of course, and with the
Commission and the European Council to discuss
this further, how they want to take this revision of the
device legislation into the future. I could always say
that if you are looking at models to regulate you
could always look around in the world and you could
easily look at the United States and how the FDA has
regulated this. In the FDA they have both the
responsibility for drug approval and they also have
the responsibility for controlling medical advice and
within the FDA they have set up a specific committee
and structure in order to be able to deal with these
issues. So that is one way to regulate it, of course. But
since my role is not political in order to propose new
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legislation in the European Union—I am an
Executive Director doing executive tasks according
to existing legislation and I may not elaborate more
about possible models that I have told you just
now—obviously this is something that is going on
down in Brussels at a political level and we will see
what comes out of that political discussion. I do not
specifically know the answer from MHRA or from
the UK Government about this proposal but, as I
said, there were quite critical voices in order to make
this go into the EMEA with the European scientific
committee, and especially also from the industry. One
of the issues was of course the cost of it and I know
that we are submitting information to the European
Commission at the moment in order for them to do
an estimate of what such a control system should
cost. I do not have that data but I would be willing to
submit this data when it will be available in the
Commission.
Lord Warner: Thank you very much.

Q794 Chairman: This question may be for NICE,
but one of the things we heard from the industry
representatives was the way that these drugs’
eVectiveness is based on genetic markers is how
NICE might use assessment of the eVectiveness of
these drugs in terms of QALI. The question therefore
is, are your current procedures for evaluating
appropriate for stratified drugs?
Professor Littlejohns: Certainly our experience at the
moment is limited in terms of linking drug use to
genetic markers, but certainly from our perspective if
there are ways of increasing the eVectiveness by
targeting the particular drug according to genetic
markers on particular patient groups—as you say,
stratifying them—then that would be taken into
account in the cost eVectiveness analysis.

Q795 Chairman: There would be a premium on
QALY.
Professor Littlejohns: Yes and it will reduce the cost per
QALY and therefore make it more likely to be a cost
eVective use of NHS resources. So our current
programmes can take that into account, but I think it
is right to say that our experience in this area is
limited.

Q796 Baroness Perry of Southwark: I was very taken
by what Professor Littlejohns has said about the
importance of assessing the clinical outcomes and
does it actually change the way in which clinicians
advise their patients or treat their patients, and I was
wondering what kind of evidence you have collected
or would need to collect to make that kind of
judgment? The evidence that we have had suggests
that quite a lot of this testing is done without any
particular clinical outcome.

Professor Littlejohns: Again, very relevant. Certainly it
is our experience that NICE has been increasingly
asked to look at drugs at a much earlier stage and so
it is not just within the genetic testing but across the
board we are looking at very immature evidence and
expecting our advisory committees to take that into
account. What we have been exploring quite actively
over the last few years is rather than having a positive
or negative response but to say a cautious yes but we
need further evidence. We have explored with our
American colleagues ways of what they call coverage
with evidence and what we would call only in
research and I think that is probably a very
productive way forward. Being absolutely honest, we
do not have all the information to make a robust
decision but if we collect that data—and the NHS, as
you know, is a very unique environment in which that
data can be collected across the board very quickly—
then in conjunction with our R & D colleagues within
the National Institute for Health research we think
that we can collect that data very quickly and feed it
back into the process.

Q797 Baroness Finlay of LlandaV: Pharmacogenetic
tests are available for use with a small, but growing,
number of drugs. These tests predict drug eYcacy
and toxicity, with potential benefits for clinical
eVectiveness and cost eVectiveness. We have heard
that the pharmaceutical industry would like to work
with the medicines regulatory agencies at an early
stage of drug development to assist in the process of
obtaining licenses for new drugs. Do the MHRA and
the European Medicines Agency see this as
advantageous and, if so, how could early-stage
dialogue on drug development work best?
Mr Lönngren: This is going on already. We have
several mechanisms in order to discuss with industry.
They have the possibility to come to us for an
informal dialogue and many of these companies were
active in this area; they already had contact with us.
We have a more formal procedure on scientific
advice, where it could come to us and ask for a
specific question and then we formalised an advice to
them and this is done in a number of cases and we
could see also an increase in the type of advice that we
are giving in this area. There are some incentives,
especially for small and medium sized companies in
the European Union, to get scientific advice because
they could get free scientific advice—and there I am
talking about small biotechnology companies who
are often also involved in this area. So there are some
incentives for them to come to us. We have also, as I
mentioned, created this pharmacogenomic working
party and this pharmacogenomic working party had
issued a lot of guidelines and position statements that
will help the pharmaceutical industries to develop
drugs in this area. On an international level we have
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the international conference for harmonisation,
which is a big international conference going on now
for nearly 18 years with the aim to harmonise the
requirement of drug development in the word. It is a
collaboration between Europe, the US and Japan
and in this work there are several groups that are
working to develop guidance on submissions on
pharmacogenetic test data to regulatory agencies. We
are also working very closely with the US FDA and
we have instituted a voluntary submission
programme of pharmacogenomic data in connection
with the company that is making the application to
us. That had been quite successful. So the numbers of
data that we have on both sides of the Atlantic at the
EMEA and the FDA is increasing in this area. So I
will say that the contact with the pharmaceutical
industry, certainly in early drug development, is
progressing very well on our level and we could see an
increase in interest from the pharmaceutical industry.
However, I have to say that the willingness of the
pharmaceutical industry in order to go for
personalised medicines has not been so great if you
are looking back some two three years ago. I think
today they have woken up, so to say, and see that they
need to go into this area, but of course they are still
in their business model in order to get the big
blockbuster and of course if they are going into the
personalised medicines the number of patients will go
down, of course. This means that there is a delay. So,
for example, in the number of scientific advice that we
are giving today very few companies are coming to
ask for specific issues in this area, but we see that it is
increasing more or less from year to year. So I think
this will be probably a lot more advice in this area in
the coming years. So that is what we are doing.

Q798 Chairman: Would you like to make a guess as
to what might be the reasons why pharma are not
interested in personalised medicine?
Mr Lönngren: I think we all know, without saying it!
Mr Gutowski: From an MHRA perspective, yes, we
do believe that early stage dialogue is very important
and we do oVer individual scientific advice meetings
for individual companies to come and talk to us
about development of individual drugs and the
Agency undertakes about 260 such individual
meetings a year with individual manufacturers who
come and ask for our advice during the course of
drug development at early stages. We found this very
beneficial from a regulatory point of view and also
the manufacturers have found it very popular and are
willing to take up our oVer, and as you can see from
the numbers they do. As far as individual company
sessions, we also work with industry on broader
questions of improving the regulatory process; and in
looking through the evidence that was given to this
Committee by ABPI their representative referenced a

recent forum on safety biomarkers, hosted by the
MHRA. That is an example of the broader advisory
work that we do. And for your information, my Lord
Chairman, a summary of that forum is due to be
published within the next week or so and I can let the
clerk have a copy of that and you may find it a useful
document to see.

Q799 Chairman: Thank you for letting us have that.
Professor Littlejohns: Just from the NICE perspective,
we have always had a very active interaction with the
pharmaceutical industry but recently we have come
to the conclusion that we also needed a much earlier
interaction, so at the very early stage when drugs are
being considered and the trials are being designed for
the regulatory mechanisms we feel that if added
information was incorporated into those trials then
that would make it much easier for NICE to
undertake the assessment in due course, and we now
have a facility to work with the industry at a very
early stage in drug development.

Q800 Baroness Finlay of LlandaV: If
pharmacogenetic testing for use of a particular drug
is seen as essential, for example in preventing serious
drug toxicity, what mechanisms could be put in place
to ensure that such testing is carried out when a drug
is prescribed? And who would oversee that?
Professor Littlejohns: Obviously building that into the
initial process of evaluation, but once the drug had
been assessed by NICE and considered cost eVective
then it would be up to the NHS and the monitoring
systems in place there to assess that, and that would
not, strictly speaking, be NICE’s responsibility.

Q801 Baroness Finlay of LlandaV: So would that be
a patient safety issue for the NHS in terms of risk
assessment?
Professor Littlejohns: Yes.

Q802 Baroness O’Neill of Bengarve: Government
has indicated that MHRA is not aware of any genetic
test placed on the market with a medical purpose.
Why are genomic profiling tests, as marketed by
companies like deCODEme, 23andMe and specific
genetic tests marketed by companies such as
MediChecks not considered as genetic tests with a
medical purpose? And if they are considered as such,
should this type of Direct to Consumer Test not be
covered by the In Vitro Diagnostic Devices Directive?
Mr Gutowski: I think I may have to start with an
apology that perhaps my evidence, which is part of
the government’s response, was not clear. What I
thought I had said—and clearly it was not clear and
again I apologise—was that the MHRA was not
aware of any genetic test kits being placed on the
market direct to the public.
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Q803 Baroness O’Neill of Bengarve: That is what I
meant by placed on the open market.
Mr Gutowski: What we were trying to say was that we
were not aware of any genetic test kits where the
public could walk into a high street chemist or a
supermarket and buy a genetic test kit for use at
home in their home environment.

Q804 Baroness O’Neill of Bengarve: But is that not
simply because such test kits are marketed over the
Internet?
Mr Gutowski: I think it is where the diVerence is.
What we have come across is companies providing a
genetic testing service and what they oVer over the
Internet is a genetic testing service. They do not
provide a person that subscribes to that service with
a kit that they take away and test themselves at home
and then do an assessment of the results themselves
in their home environment. What they do is they send
a sample to this company who do the test and then
send back the results with some sort of analysis as to
what that actually result means. I think that is what
we were trying to say but clearly not very well.

Q805 Baroness O’Neill of Bengarve: That is what we
have, I think, heard in evidence; but it is not like a
pregnancy test kit, for example, that involves this
survey, although how that is interpreted may be
rather varied. But I think the question still arises
whether such tests marketed over the Internet and
with the results returned with various degrees of
collaboration should be covered by the IVDD
Directive.
Mr Gutowski: In our opinion they are and they should
be. There would be two types of kits used by these
commercial organisations. Firstly, if they
manufactured the reagents or whatever to undertake
the test themselves, if you like, in-house, but did not
place them on the market they would still be required
to have those reagents or the kit CE marked in
accordance with the IVD Directive. If they bought in
reagents or test kits manufactured by somebody else
for them to undertake those tests then those tests
would also have to be CE marked under the terms of
the Medical Devices Directive.

Q806 Baroness O’Neill of Bengarve: So in your view
the present situation is that the genetic tests marketed
however will have that regulatory approval.
Mr Gutowski: Would all be CE marked under the
IVD Directive, yes.

Q807 Chairman: So these tests that these companies
market, the genetic testing service, is not regulated.
Mr Gutowski: The service itself is not regulated under
the Medical Devices Regulations; it is the kit—the
actual physical testing kit, the reagent which is

actually regulated as an IVD. The service that the
service provider provides, the agency under the
Medical Device Regulations does not regulate the
service provider in the sense we do not regulate the
qualifications of the service provider in being able to
analysis the results of the test under the Medical
Advice Regulations. The information that is then
sent back to the patient—

Q808 Chairman: I am not quite clear what you are
regulating. If I send my sample to one of these
companies they will take the sample through a
process of testing for slips, polymorphisms; so what
are you regulating, the machinery and the equipment
that you are using to do my polymorphism or slips?
What is it that you are regulating?
Mr Gutowski: We regulate the actual reagents and any
calibration equipment that the service provider will
use to generate the result.

Q809 Chairman: So it is just the actual mechanism?
Mr Gutowski: It is, if you like, the reagents and the
machine—it is the mechanics.

Q810 Chairman: But in terms of protecting my
health or information about my health it is not
much use?
Mr Gutowski: That is not regulated under the
Medical Devices Regulations, no.

Q811 Chairman: But regulatory authorities like all
of you exist to protect the population from
misinformation or inappropriate information about
their health, but in this given case they are not
being helped.
Mr Gutowski: Under the Medical Devices
Regulations no, but I understand that there is a
public consultation—and I found out about this this
morning—which has just concluded in the context of
the new Care Quality Commission and one of the
aspects they are looking at is whether diagnostic
laboratory services should in some way come within
their sphere of regulation, and I was informed this
morning by those who have the responsibility for this
area—if it would be useful to you, my Lord
Chairman and the Committee—that they would be
prepared to produce a detailed briefing document as
to what could be covered under the regulations under
the new Care Quality Commission.
Chairman: Thank you for that information.

Q812 Baroness O’Neill of Bengarve: I think there is
one small follow-up which might, you say, be asking
you to go beyond a regulator’s brief, but if we are
thinking about Direct to Consumer marketing of
such tests, they could be regulated by a voluntary
code of practice or, of course, by statutory regulation,
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which might add to your remit. What would you see
as the most eVective approach there?
Mr Gutowski: It could come under the Medical
Devices regulation. The most eVective approach is a
very diYcult one for me as the regulator to actually
answer. Currently, if an IVD test is not available to
the public over the counter then what the
manufacturer must do is have the information that is
provided with that kit verified by an independent
body, in this case the notified body, to make sure that
the user can satisfactorily be able to assess the results
of a test and make the proper decisions. However,
there could be a slight extension to that to require
some sort of control with regards to the information
that goes from the service provider back to the public
with the results of the kit, but this is an issue that has
not been addressed yet, but will clearly need to be.
Baroness O’Neill of Bengarve: My Lord Chairman,
there are a lot more questions down this line but I
notice our time is very short.

Q813 Baroness Perry of Southwark: Most medical
genetic tests, as we know, are covered by the IVDD
Directive, and that means that in the UK they are
classified as “low risk” whereas in the USA, Canada
and Australia most tests are classified as moderate to
high risk. In the UK, that means that manufacturers
are not required to submit their technical files on
genetic tests to MHRA and the tests are not subject
to pre-market review. The Human Genetics
Commission has recommended that the risk of
genetic tests should be reclassified as being of
moderate or high risk, and when we heard from
Dawn Primarolo, in her response to the HGC report
“More Genes Direct” in January 2008, she indicated
that MHRA would raise this in the context of EU-
wide discussions on a review of the IVDD Directive.
Could the MHRA say what progress has been made
in the EU-wide review of the IVDD and, in
particular, what, if any, reclassification of the risk
category of genetic tests has happened?
Mr Gutowski: Yes, in line with the Minister’s
statement to the HGC we have raised this in the
context of the current review that the European
Commission are undertaking across the whole range
of all the main medical devices directives, including
the IVDD Directive. In that review the Commission
did seem to be placing much importance on a review
of the IVDD Directive, and we, in our oYcial
government response, made it very clear that we
regarded the review of the IVDD Directive to be of a
high priority, including the reclassification system.
The reclassification system in the IVDD Directive is
very rigid and very prescriptive, in that you have a
set-down number of what are high risk devices, and
then that is it. There is a very cumbersome
mechanism to get products put into that high risk,

under the terms of the Directive. So what we would
look to achieve is to have a system of risk-based
reclassification, very much on the FDA model that
you mentioned, and we are quite supportive of a
document produced by the Global Harmonisation
Task Force which has proposed that type of
reclassification system for IVDs, and we will be
pursuing that with the European Commission during
the course of this particular exercise. If it would be
helpful to you, My Lord Chairman, and the
Committee, I can just update you on the progress of
that Commission exercise. We understand that the
Commission have received over 200 responses to that
particular exercise, including one from the UK
Government. We believe that in a lot of those
responses there was support for a change in the way
the classification system works in the IVDD
Directive. I think, to that extent, we are pushing
against an open door, as to what the Commission will
actually propose. As to the timing of that, the
Commission have said that they will produce a report
based on the 200 responses by the end of this year,
with a view to producing impact assessments for the
policy options to be drafted in early spring with a
formal proposal, in the form of either an amending
directive or regulation, we believe, some time before
the summer break next year. I think they have very
much in mind the fact that next year we will see a new
European Commission, a new European Parliament,
so they are looking to have something on the table by
the summer break next year. By then, of course, the
UK will be actively involved in pursuing all elements
of that particular exercise. If I could take this
opportunity, My Lord Chairman, of just coming
back on something that my colleague from the
EMEA said on the regulation of high risk devices, as
you say, genetic test kits were not part of that exercise,
but from a UK perspective we will looking to see
what needs to be classified as high risk, because that
term has yet to be defined, as to what is or is not a
high risk device.

Q814 Lord Warner: Can I just be clear? Are you
saying, Mr Gutowski, that there is absolutely no
member discretion to either re-designate existing tests
in the light of new evidence or to adopt a more
rigorous approach to new tests that come on the
market? That individual Member States have no
discretion whatsoever to change that?
Mr Gutowski: Individual Member States have no
discretion nationally to change that. What individual
Member States have is a process, it is a regulatory
process within the IVD Directive, to make a duly
substantiated case to have an IVD reclassified, and
that will then go through the new regulatory process.
The United Kingdom, in fact, this year made an
approach to the European Commission and other



Processed: 29-06-2009 20:56:50 Page Layout: LOENEW [E] PPSysB Job: 422830 Unit: PAG2

408 genomic medicine: evidence

19 November 2008 Professor Peter Littlejohns, Mr Richard Gutowski and
Mr Thomas Lönngren

Member States so that the CJD kits, when they
eventually come on the market, will be classified as
the highest risk. So the process does exist.

Q815 Lord Taverne: I want to ask a question about
the claims made by some of the companies that
provide Direct to Consumer tests on their websites—
claims such as: “Genetic tests can enable you to live
longer, feel and look better and slow down ageing”,
and that genetic tests “provide your map to better
health”. On the face of it, that is something for the
Advertising Standards Agency. Do you think it is
their role to look after this, and if so will your
agencies provide the expert specialist support to
investigate such claims?
Mr Gutowski: The short answer to your question is
yes, we do regard it as the role of the ASA and we will
provide and have provided specialist support to the
ASA when they have undertaken investigations with
regards to claims made by medical device
manufacturers or service providers.

Q816 Lord Colwyn: Just to continue our probing
into the current regulation of genetic tests, which are
seen by some geneticists and companies that market
the tests as being a barrier to progress in science and
health care, some patient groups and other geneticists
view current regulations as being insuYcient. Given
the increase in genetic testing in both the NHS and
commercial sectors, and for the urgent need for
reliable information that can identify tests that are

Supplementary memorandum by the Medicines and Healthcare products Regulatory Agency (MHRA)

1. The Care Quality Commission will take over from the Commission for Social Care Inspection, the
Healthcare Commission, and the Mental Health Act Commission on 1 April 2009. From April 2010 the new
Commission will move to a new registration framework for all providers of regulated health and adult
social care.

2. One of the key changes to the system will be that the requirement to register with the new Commission will
be based on the kind of activity being provided (eg personal care, surgery, mental health care), rather than the
organisation or setting that it is provided in (eg care home or hospital). That will mean that patients and users
of services will have the same level of assurance of the quality and safety of their care and treatment, no matter
who is providing it.

3. Our intention is that the future regulation framework will be proportionate to risk. In terms of the scope
of regulation (ie which activities will require providers to register with the new Commission before they can
provide them), this means we need to decide which activities entail risk to such an extent that they should be
included within registration (and which should be excluded from registration).

4. The Department carried out a twelve-week public consultation on the new framework over the summer.
The consultation included proposals on the scope of registration. The consultation closed on 17 June, but you
can still read the consultation document (A consultation on the framework for the registration of health and
adult social care providers) on the Department of Health website at:

www.dh.gov.uk/en/Consultations/Closedconsultations/DH 083625

safe and useful, how might these diVerent views be
best resolved?
Mr Gutowski: An interesting question to end with. I
will be very brief. As far as the EMEA is concerned,
our strategic objective is clearly to safeguard public
health but, also, support innovation. We recognise
there is a need to strike this proper balance and, as I
have indicated earlier, we will be working to move
towards a risk-based regulation which is
proportionate to the needs of patients, clinicians and
manufacturers. It could be that this area also could be
the subject of guidance for clinicians after the
product is placed on the market, but I leave that to
my colleague from NICE to elaborate on if he so
wishes.
Professor Littlejohns: I will be very brief. I think the
important thing is just for clarity, really; the actual
responsibility from the purely regulatory perspective
and then NICE’s perspective in assessing the added
value to individuals and to the public. It is our
experience that once the key stakeholders have a very
clear understanding of the NICE processes from start
to finish then that makes the whole process much
easier and speeds up that process.
Chairman: Thank you very much, gentlemen, for
coming to give evidence. It has been most helpful. If
you do feel that there are some other questions that
you were not able to answer or there is added material
that you would like to submit as evidence we will be
pleased to have it. So please feel free to do it, and it
will form oYcial evidence if you do so. Thank you,
again.
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5. We are currently considering the responses and will publish the Government’s response to the consultation
in due course. At the same time, we are developing a more robust risk assessment methodology. These diVerent
work streams will come together to inform a set of draft regulations, which we will consult on in the new year,
before setting them in Secondary Legislation.

Proposals for Services to be Covered by Regulated Activities

1. The following table contains the proposals we published in the consultation document earlier in the year,
for the scope of the Care Quality Commission’s future registration system, related to this policy area.

Proposed regulated activity name: Diagnostic services

Activity topic description: Intensive or invasive diagnostic procedures or laboratory diagnostics.

Examples of care we propose would need to be registered with CQC:
— Diagnostic imaging services (excluding dental services—separate activity) including forms of

endoscopy, X-ray, MRI, CT scanning, nuclear medicine, ultrasound, fluoroscopy and
interventional radiology—to include both undertaking the procedure and reporting on images.

— Diagnostic laboratory services for example pathology, histopathology, cytology.
Care not proposed for CQC regulation as overseen by other regulatory systems:

— Non-invasive or simple diagnostics for example sight tests, blood pressure checks and “pin-
prick” blood tests (covered by professional regulation).

November 2008

Memorandum by the Nursing Team, NHS National Genetics Education and Development Centre,
University of Glamorgan

Key Points

1. Nursing professional groups have a significant role to play in genomic medicine.

2. As the largest sector of the health professional workforce, the scale of the challenge to prepare nurses
appropriately for genomic medicine is substantial.

3. The picture that emerges from research in this area over an extended period is that:

— competence and confidence in genetics/genomics is low, and

— education provision is patchy and insubstantial, despite the development of an education framework
of nursing competences in genetics.

4. Two major barriers to competence are a lack of awareness of genetics/genomics and a perception that it is
of little relevance to nurses outside the specialist field of genetics.

5. Although there is still much to be done, progress is being made, and the NHS National Genetics Education
and Development Centre is aware:

— of the support that both educators and practitioners need in delivering and acquiring genetics
competence;

— of those areas of competence where support is most needed and where we need to target resources;
and

— of the sorts of resources that are needed and found useful, and are working to build these.

6. We recommend to the Select Committee that they seek the views of the Nursing and Midwifery Council on
the important issue of setting detailed standards for genetics/genomics within the pre-registration curricula.

1. Use of genomic information in a healthcare setting

1.1 This commentary forms part of the evidence submitted from the NHS National Genetics Education and
Development Centre. It provides additional information specifically in relation to the implications of
developments in genomic technologies for the training of nursing professional groups (nurses, midwives and
health visitors). As the largest sector of the health professional workforce (with approximately 700,000
registered practitioners) any increase in demand for existing genetics services, or development of new services,
particularly within mainstream healthcare, has significant implications for the preparation of nursing
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professionals in establishing new and enhanced roles. For over a decade, the Genomics Policy Unit, University
of Glamorgan and the Nursing Programme of the NHS National Genetics Education and Development
Centre have been exploring these implications and identifying and implementing approaches to address the
associated challenges.

2. The implications of developments in genomic technologies for the training of nursing professionals

2.1 The evidence that developments in genomic technologies will impact on healthcare through more accurate
diagnosis, more personalised prediction of risk, new drugs and therapies and better targeted prevention and
treatment of disease will have been presented by others in response to this call. The increasing relevance of
genomic healthcare to almost every aspect of health and ill-health has major implications for nurse education,
where “genetics” (if it has been thought of at all) has been viewed as being of little interest to nurses outside
the specialist field. Yet if patients are to benefit from genomic developments, at a basic level all nurses (often
the first point of contact) must be able to recognise situations where this may be possible, they must know how
and where to seek specialist advice, and they must be able to communicate the relevant aspects of this process
to the patient and family members or carers. To be able to integrate genomics more fully into areas of specialist
practice through extended or enhanced roles (such as nurse-led clinics in cardiovascular health) then nurses
must have a sound foundation of knowledge and skills in genetics upon which to develop further competence.

3. Six studies

3.1 The work we have conducted has helped to build a picture of the challenges involved in equipping all
nurses to the basic standard of competence. Six studies published over a nine-year period form the basis for
this.

3.2 A survey of genetics education across all UK Higher Education Institutions (HEIs) oVering pre-
registration nurse training programmes (n%64) was reported in 1999.1 Responses were received from all but
one college. The majority (73 per cent) of nursing courses incorporated 10 hours or less of genetics over the
three year programme and only 11 per cent taught more than 15 hours. Variation was evident in the genetics
content and clinical genetic services were rarely involved in such teaching. Only 25 per cent of respondents
indicated that compulsory assessment of genetics took place, with such assessment mainly forming part of a
multiple choice examination. Whilst the majority of respondents agreed that genetics advances would have an
impact on health care and that genetics education would become an increasingly important issue for nursing,
68 per cent appeared satisfied with their current level of provision. The conclusion drawn was that genetics
education was patchy and insubstantial.

3.3 An Expert Advisory Panel of stakeholders in nurse education was convened to consider these findings. It
concluded that “nurses were not being prepared adequately to meet existing or future needs of patients, and
that there was an urgent need to address this”.2 Amongst the obstacles to reform was the status of science
within the nursing curriculum, and the lack of awareness at all levels of the growing importance of genetics.
One of the recommendations of the panel was that national guidelines for a core curriculum should be
developed.

3.4 In response to these and other reports, in 2003 we were funded by the Department of Health to develop
an education framework for nursing competences in genetics. Using a consensus approach with another
Expert Panel of 40 representatives from stakeholders in nurse education and practice, and following a period
of consultation, we reported on seven core competences in genetics.3 These described the minimum standard
of knowledge, skills and attitudes that all nursing professional groups should be able to demonstrate at the
point of qualifying. As part of the consultation process, we also asked about the most important factors that
would need to be in place to promote achievement of the competences by the nursing groups. The top priorities
for success were identified as raising awareness, commitment and engagement of stakeholders at individual,
professional and organisational levels.

3.5 Following the establishment of the NHS National Genetics Education and Development Centre in 2004,
we conducted a survey of nurse educators in HEIs across the UK to assess the extent to which pre-registration
nursing and midwifery students were equipped to achieve each of the seven competences on completion of
training.4 The responses (n%37) revealed that whilst most institutions include some genetics in the curriculum,
none achieve all of the competences in full. One respondent summarized the situation in his/her institution
candidly: “I feel a similar limited level is achieved consistently across courses; the problem is the limited level
to which it is achieved”. Midwifery and health visiting programmes do appear consistently to out-perform
nursing courses although gaps are still present.
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3.6 A second survey of nurses in practice (n%198) from across a range of specialties sought to assess how often
they used each competence in practice, their confidence in applying it, and how important they felt each was.5

This revealed that the competences are not used equally or viewed as being of equal importance, and nurses
do not have the same confidence in demonstrating each of them.

3.7 An interesting finding from both surveys4,5 is that education must in particular focus on promoting
competence around genetic testing. This was identified as the least well supported educationally and nurses in
practice were found to have limited knowledge and awareness of the use, benefits and limitations of genetic
testing and information, including the potential ethical, legal and psychosocial consequences.

3.8 These studies, along with other UK literature in the field, have revealed some degree of consensus on the
issues and challenges in preparing nursing professionals to be able to embrace developments in genomic
technologies. In a sixth study, we assessed whether these issues were common to nursing at an international
level.6 We asked specialist nurses attending the 6th Annual Conference of the International Society of Nurses
in Genetics in New Orleans in 2006 for their views on genomic health care and the barriers to integrating it
into nursing practice. The majority of delegates attending (n%77, from seven countries) agreed that genomics
would have a profound eVect on healthcare (91 per cent agreeing) and nursing (87 per cent agreeing) within
the next five years, although its impact would be greater in some specialties than in others in that time frame.
The barriers to integration identified by ISONG members echoed those reported in the literature, with the
three ranked highest being the perception that genetics/genomics is not relevant to practice, lack of awareness,
and diYculty in understanding it.

4. Are there any gaps that need addressing?

4.1 Considerable progress has been made in laying a foundation for the development of competence and
confidence in genetics and genomics for nursing professional groups. It is fair to say that the UK is at the
forefront of developments in this area. An education framework of competences in genetics has been
developed to inform nursing curricula and National Occupational Standards developed by the Centre in
collaboration with Skills for Health build on these within the practice setting. We are aware of the support that
both educators and practitioners need in delivering and acquiring genetics competence, specifically from the
Centre, and more generally. We are also aware of those areas of competence where support is most needed and
where we need to target resources. Finally, we are aware of the sorts of resources that are needed and found
useful, and are working to build these.

4.2 Although there is much to be positive about, our work has indicated that the challenge to prepare the
nursing workforce to integrate genomics technologies into practice is substantial and will take a sustained
eVort. Inequities in education provision remain, and lack of awareness, coupled with perceptions that genomic
medicine is not relevant to nursing practice, indicate that there is still some way to go in changing attitudes
towards genomics, from nurses at all levels. Part of this attitudinal shift may come as nurses appreciate that
competence in genomic healthcare requires not only some understanding of its scientific basis (and perhaps
not as much as they fear!) but also requires an appreciation of the ethical and psychosocial issues that play
such an important part in the care they give to patients and their families.

5. Moving forward in the development of capability

5.1 The NHS National Genetics Education and Development Centre was established by the Department of
Health to support the integration of genetics into professional practice. An important aspect of this is in
identifying the teaching and learning needs of educators and practitioners, and providing practical support to
enable health professionals to acquire and/or enhance the appropriate genetics knowledge and skills to meet
the current needs of patients, and to provide a basis for future enhancement of capability as new knowledge
impacts on clinical care and service provision. Our strategic approach to this involves close working with
stakeholder groups, including practising nurses, nurse specialists in genetics, nurse educators and professional
organisations.7 The indications are that there is a gradual but slow recognition of the relevance of genetics to
nursing professional practice that is being translated into nursing faculty curricula. To expedite this progress,
we believe a policy change is necessary. The rationale for this was set out in a recent response by the Centre to
a consultation exercise conducted by the Nursing and Midwifery Council (NMC) as part of its review of pre-
registration nursing education. We highlighted a deficit in the current system of allowing pre-registration
nursing curricula content and outcomes to be determined in partnership between those delivering, purchasing,
providing learning in practice and potential employers. This, we argued:
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5.2 “assumes that those involved are fully aware of current needs, suYciently forward thinking to identify new
content that needs to be included and in a position to modify the curricula. From our own perspective in
genetics and our work with HEIs, we know that current provision is patchy across the UK. Inclusion of
genetics is dependent on staV making the case to colleagues who are often resistant (as they lack understanding
of where genetics fits into everyday practice), and delivery is often tasked to individuals who lack knowledge
of the subject, don’t feel confident in teaching the subject and have no access to education or training to
improve the situation. There is already a genetics education framework for pre-registration nursing….
However, until the NMC or other body are able to set detailed standards across the curriculum, some areas
that are critical to nursing practice will be sidelined in some HEIs. If the NMC can be more explicit in what
needs to be taught not only would it provide consistency of training across the UK but it would also provide
a mechanism to ensure that educators are able to teach the content required.”

5.3 Such a step would also drive assessment in genetics, sending a powerful message to students that
competence in this area is an important part of professional practice. We would recommend to the Select
Committee that they seek the views of the NMC on this important issue.
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Examination of Witnesses

Witnesses: Professor Maggie Kirk, Head of Research/Leader Genomics Policy Unit and Lead Professional
Specialist (Nursing Professions), NHS National Genetics Education & Development Centre, University of
Glamorgan, Dr Hilary Harris, GP and former member of HGC, and Mr Paul Streets, Chief Executive,

Postgraduate Medical Education and Training Board, examined.

Chairman: Good morning, ladies and gentlemen.
Thank you for coming to give us evidence today in
relation to education in genetics. We are very grateful
that you could find the time to come to see us. Having
sat at the back, you probably realise the format; each
one of us will have a question for you that we would
like help with, and if you have any supplementary
answers please feel free to give them. Can I start with
Lady Finlay?
Baroness Finlay of Llandaff: It has been suggested to
us that engagement and education of healthcare
professionals will be required to understand and
interpret genetic tests. What is happening on the
ground for training of medical students and doctors in
primary and secondary care, and other healthcare
professionals including nurses and clinical scientists?

Q817 Chairman: I should have said, when you speak
for the first time, introduce yourself and who you
represent, for the record. Subsequently you do not
need to do so.
Professor Kirk: If I could start with that, My Lord
Chairman, my name is Professor Maggie Kirk and I
am here on behalf of the NHS National Genetics
Education and Development Centre, but I actually
lead the UK nursing programme from my base at the
University of Glamorgan. The remit of the Centre is
to drive and support genetics education for non-
specialist genetics health professionals, and we have
developed learning outcomes throughout the
curriculum for medicine from medical students
through to foundation level, and for the medical
specialities linked to the Royal College of Physicians.
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We have also collaborated with the Royal College of
General Practitioners in the development of a
curriculum statement for general practitioners and,
also, worked with the general practitioners with a
special interest in genetics to develop their key
competences. In terms of the nursing profession—by
which I mean nurses, midwives and health visitors—
we have also developed an education framework that
sets out learning outcomes at pre-qualifying levels,
and that includes a statement, for example,
specifically on genetic testing that requires that all
nurses at the point of registration should be able to
demonstrate a knowledge and understanding of the
utility and limitations of genetic testing and genetic
information. As part of our work we are also working
with dieticians, and again have liaised with them to
develop a curriculum for dieticians, and work is also
under way working with pharmacists. However,
overarching that, we have also worked with the
Sector Skills Council for Health to develop
workforce competences for non-specialist health
professionals. Again, that series of nine competency
statements includes competence in relation to
genetic testing.
Mr Streets: My Lord Chairman, if I may speak from
a postgraduate medical perspective, my name is Paul
Streets and I am the Chief Executive of the
Postgraduate Medical Education and Training
Board. I would not hesitate to say that I am not an
expert in genomic medicine but our job is to work
very closely with medical royal colleges in ensuring
that curricula are up to date. It may be worthwhile
the Committee knowing that there are 57
postgraduate specialist curricula which are approved
by PMETB and 33 sub-specialties. In answer to your
question, Lady Finlay, I guess one of the things that
we can do is work with the colleges on the content
that should be in curricula, and whether genomic
medicine should be part of that content is a question
for your Committee indeed. In a sense, we are able to
do that in a way that we were not in the past. When
PMETB arrived on the scene three years ago half of
the medical colleges—or the medical specialities—
did not have curricula or assessment frameworks;
they now all have curricula and assessment
frameworks. So we are now in a position to look at
the concept of genomic medicine and other areas of
medicine within those curricula. We were only called
to the Committee at relatively short notice, but we
did a preliminary examination of some of the
curricula that we have approved, and there is a good
deal of genomic content within them, that range from
general practice, that I am sure Dr Harris may well be
able to speak to in a moment, to areas like allergy and
anaesthetics. So there is a good deal of genomic
content in them, but PMETB itself is beginning to
ask the question (we are only three years old as a
body, it is worth saying): “What should be the

content of future doctors’ curricula?” We began a
project 18 months ago to ask this question, working
with the colleges and with others, to examine what
should the content of all curricula be. One of the
questions that we may be asking with respect to that
is that of genomic medicine. I would say, from our
work to-date, we are not receiving a lot of evidence
that suggests that genomic medicine is an area of
deficit in the current curricula, but my colleagues may
wish to comment on that.
Dr Harris: I am Dr Hilary Harris. I am a GP and have
a longstanding interest in genetics, particularly in the
transfer of the new genetic knowledge across the
primary care consulting level. I have been very
optimistic because of the developments in the
Genetic Education Centre in Birmingham. I have
worked with other colleagues on the curricula for
general practitioners with special interest. I have to
say, in that regard, you perhaps know that there are
only a very small number of them—I think it is ten
initially—and that one can only regard that as being
a sort of pilot project for educational resource—it
simply will not be enough—and I am much more
concerned at a primary care level that we should be
trying to explore genetics for everybody. When I talk
about primary care I really talk about the whole
primary care team, not just general practitioners,
because I think increasingly we do work as teams
with practice nurses and nurse practitioners, who
have an enormous place in delivering service, also
with midwives and with health visitors, and it is really
important that the education is for everybody. I think
that what my colleague Professor Kirk has said is
really pushing this forward. There is a long way to go.
Genetics is diYcult and I think it is really important
that we look at education so that it is targeted at the
level that we need for each individual health
practitioner within the health service because
everybody does not need everything.

Q818 Baroness Finlay of LlandaV: Can I follow on to
both of you? Obtaining consent and delivering advice
for genetic tests will probably fall to each and every
primary care team at some stage. What do you feel
needs to be done to ensure that GPs and those
working with them are prepared for this? I wonder if
there is any similarity with the emergence of HIV
testing and what needed to be done there, and
whether that could be built on.
Dr Harris: I am rather concerned that, perhaps,
genetic tests should be seen as special. I think, at the
moment, they are in an enormous phase of
development, but in 10 or 20 years’ time they will
have a place which is very similar to all other testing.
Anybody who steps on to any testing pathway, for
whatever reason, needs to have some degree of
counselling and consultation pre-test to know the test
has clinical utility and validity and that afterwards
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the test and the result is given to a patient in a way
that is understandable. At the moment, in terms of
genetic tests, I think we are very dependent on our
laboratory colleagues and we will continue to be so.
It is really important that there is some close
collaboration between primary care, which is where I
sit, and our laboratory and clinical colleagues in the
interpretation of tests, so that with every test result
that comes back—because they are diYcult to
interpret and they may have consequences for other
family members—this is all in place when we get the
test back.
Mr Streets: Part of the standard that we set expects
curricula to have regard to the standards for good
medical practice as defined by the General Medical
Council, and that would clearly, as my colleague has
said, cover the generic issue of consent. The GP
curricula that we have approved include a specific
section on genetics in primary care, which includes
awareness of diVerent uses of genetic tests—
diagnostic, predictive and carrier—and the
limitations. I think you have already heard evidence
from our colleague Dr Rafi from the Royal College of
General Practitioners earlier this year on that subject.
So in that sense it is there, but I very much agree that
it is the generic issue of consent, and indeed the
communication issue, more generally. One of the
issues that repeatedly comes through in our work on
looking at future doctors is the requirement for
doctors to rethink how they communicate with
patients around some of these very complex areas—
risk in general, and genetic testing and risk may be
another one. It is a systematic theme that comes
through our work from trainees and from patients.
This is not really done as well as it ought to be.

Q819 Baroness Finlay of LlandaV: You are
concerned with those in training, those coming
through, up to gaining a certificate.
Mr Streets: Yes.

Q820 Baroness Finlay of LlandaV: Then we have the
vast majority of the workforce who are post that
phase and who are going to be working for many
years. How does this get into CME or CPD for the
rest of the professions? We can put lots into the
curricula but there is a drop oV, and we all know that
there is a skills and knowledge drop oV that is quite
fast at the end of training.
Mr Streets: I think that is a very good question. The
simple answer, in terms of the regulations as they
stand, is that there are 33 sub-specialties. For
example, in paediatrics there is an area of specialist
knowledge that particularly covers genetics, as there
is, I understand, a special interest in public health
medicine as well. So there is some scope for that. I
think you are right; the broader question of how it is
incorporated into continuing medical education and

professional development is an issue. My Lord
Chairman, Lord Patel, is about to chair a review
looking at the future of postgraduate medical
education and indeed the whole of medical
education.

Q821 Chairman: Another poisoned chalice!
Mr Streets: Another poisoned chalice, indeed—
perhaps less complex than this one, but looking at
cradle to grave, and I think we do need to address this
question. One of the issues there is much discussion
on, actually, within PMETB and indeed most of the
colleges, is the question of credentialing, and the
extent to which we might want to credential doctors
in areas outside of the specialty in which they trained.
The arrival of revalidation will drive this forward, in
fact, and clinical genetics could well be an area in
which we would be looking to credential doctors who
may not have done genetics within their training
because they may have trained 20 or 30 years ago. I
think your question is a good one, Lady Finlay.

Q822 Chairman: The point that Lady Finlay is
making is extremely important because although, Dr
Harris, you say genetic tests will become important in
10 or 20 years, the evidence we have been presented
with on the development of science in this is that it
will not be 10 or 20 years but is more likely to be two,
three or four years. Do you think that general
practices in primary care are equipped currently for
this knowledge that they require related to
appropriate genetic testing? Do you think they are
equipped to answer the questions? If I go for Direct
to Consumer testing and I get a report that says my
risk is such-and-such based on my genetics, my
immediate answer might be: “Let me go and see my
GP to find out what I need to do.”
Dr Harris: Almost certainly if you go for Direct to
Consumer testing the phrase will be: “And now it is
for your GP”. Of course, that is how most things end
up. I would like to be positive about your question,
that we are prepared, but, to be realistic, I think
probably we are not yet prepared for all the testing
that is going to come and for all the knowledge base
that is needed. However—and my colleague here, I
think, really made an important point—I was
thinking about the vast majority of GPs who have
been qualified for five or ten years, for whom the
knowledge base either was not there because, looking
at medical student education 10 or 20 years ago, there
was very little appropriate genetics in many medical
schools, so the knowledge base was not there and it
certainly may not have been acquired. It does seem to
me that we have some opportunities; there will be
revalidation and, as I understand it, it is still at a draft
phase but it is likely that we will be required, as GPs,
to do at least one hour of postgraduate education
weekly or to make provision for that. It seems to me
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that it would be very good if we could have a
curriculum that included genetics, or at least have
some nucleus of a curriculum that had genetics in it.
At the moment, as I understand it, that education can
be infinitely variable and open to free choice. Perhaps
we need to have a curriculum within that.

Q823 Chairman: Do you think it might be helpful, at
this stage, both for specialists and for GPs and
primary care teams, if there were web-based
educational programmes available?
Dr Harris: There are already some, and they are
excellent. If I can just tell you about one: the British
Medical Journal does web-based teaching and there
was one on cancer genetics recently. It took about
half-an-hour to complete and it very much updated
my own knowledge on cancer genetics. I thought it
was entirely appropriate and exactly at the right level.
So obviously the web is going to be increasingly
important.

Q824 Baroness Finlay of LlandaV: Just for the
record, you referred to “one hour” but one hour
how often?
Dr Harris: I beg your pardon. One hour weekly
Baroness Finlay of LlandaV: Thank you. That was
just for the record. I thought it might be important!

Q825 Lord Broers: Do you think there is a role for
public education in relation to genomics and
genetics? If so, who should be responsible for this?
Professor Kirk: I think there clearly is a need for
public education. The key question is who is
responsible for it. I know that the resources that we
developed through the Genetics Centre, although
they are targeted at health professionals because that
is our remit, we are very much aware that members of
the public wish to access these as well. As I say, that
is not our remit.

Q826 Lord Broers: They will probably go to the
internet, will they not?
Dr Harris: Yes.

Q827 Lord Broers: We conducted an inquiry into
personal internet security and suggested that the
Government might even consider kite marks for
certain sites, but our recommendation was thrown
out, but it might be quite good in this instance, might
it not?
Professor Kirk: I think that would an excellent idea,
and certainly one of the factors we bear in mind with
some of our web-based resources where we have links
to other sites is that we have had a look at those sites
and are comfortable that what they are presenting is
accurate.

Q828 Chairman: Do you think it should be a role
that you should be given?
Professor Kirk: Only if there are eight days in a week.
It would be a valid role, I think, because educated
members of the public will come to health
professionals with the knowledge and expect for that
to be met with at least equal knowledge. So I think
the two go hand-in-hand, but it would be a resource
issue, obviously.

Q829 Chairman: Was there not a commitment in the
genetic paper that was produced three or four years
ago that there should be a public campaign about
education in relation to genetics, but that has never
happened? Is that right?
Professor Kirk: There certainly was. That was
highlighted in the White Paper, but I do not think any
single body has been tasked with that role yet.

Q830 Chairman: Who do you think should be
tasked?
Professor Kirk: It is very diYcult to identify any one
body. I think certainly the Centre could play a role in
that, as I say, but we do have some other excellent
institutions that produce educational information.
Mr Streets: My Lord Chairman, if I may, I would
suggest that the issue here is the broader one of risk
communication. If one looks at the self-management
area that I am very familiar with from my own
background, the evidence tells us that in Britain we
are not particularly good at self-management; we are
not particularly good at risk management
communication in medicine. That is one of the issues.
I guess the question it begs is public education in
itself. I also worked in public health and the question
it begs is the one, indeed, you have looked at: it is one
thing knowing you may have a risk; it is another thing
being able to do something with that risk. There,
when one plays in the issue of health inequalities, the
evidence suggests that it is easier to achieve behaviour
change in higher socio-economic groups than lower
socio-economic groups. So there is a question of the
ethics, I guess, of giving the public information, but I
would argue, and I think PMETB would argue, that
doctors must play a key role in the interpretation of
complex information, and general practice, in
particular, must play a particular role in this, which is
why we welcome this in the curricula.

Q831 Lord Colwyn: New drugs that are licensed may
have a requirement for pharmacogenetic tests that
predict patient responsiveness and toxicity. I have
just checked with Professor Aitman that some of
these drugs do and some do not. As examples of those
that do, we have azathioprine and abacavir. Are
doctors being educated to know when it is
appropriate to use these types of test?
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Professor Kirk: The foundation curriculum for
doctors that has been developed in collaboration
with the Centre certainly includes genetic
susceptibility to adverse drug reactions.
Understanding pharmacogenetics is one of the skills
for health genetics competences. Further than that I
could not comment.

Q832 Lord Colwyn: Have you any comment on the
education?
Professor Kirk: Again, the Centre is developing
resources to support this. We have produced a series
of seven brief articles on pharmacogenomics that are
again freely downloadable from the website that
looks at diVerent aspects of that, and the Centre also
produced a report on pharmacogenomics, and we
will continue to develop resources to take that
further.

Q833 Baroness Finlay of LlandaV: I wonder whether
we are not in danger of always calling for more and
more education and just completely overloading
clinicians, and actually whether computerised
prescribing with red flags coming up in relation to the
drug being written is going to be a more cost-eVective
way of making sure that the appropriate tests are
always done, and that we should be focusing on
ensuring that the appropriate systems are in place
with the warnings that come up automatically.
Dr Harris: I worked on the report by the Royal
Society on pharmacogenetics chaired by Sir David
Weatherall. At that time we were still considering that
it would be a fairly long time before these really came
on stream, and considering the question in advance I
could not think, as a GP, of any test that I would be
able to ask for in relation to a drug that I was
prescribing—this is as a GP. Certainly, the examples
that were given would almost certainly be prescribed
in secondary care. Herceptin and azathioprine are
probably initiated in secondary care, not at primary
care level.

Q834 Chairman: Warfarin?
Dr Harris: Warfarin, again, mostly prescribed at
secondary care level, but again, you are quite right,
has pharmacogenetic implications. However, I think
there are lots of times when it would be very
appropriate, and I really hope that this will come on
stream because I know, as a GP, that very often I am
prescribing in a fairly blunderbuss way; that I may be
prescribing drugs which are not going to be
eYcacious or may produce side-eVects. I even know
that with some of those drugs—and somebody
mentioned blockbuster drugs this morning—one
class of drugs that is prescribed for indigestion and
for acid reflex could appropriately have a
pharmacogenetic test applied to it, because we know
that for certain mutation carriers some of them will

be graded into poor metabolisers, high metabolisers
and medium metabolisers. So that has implications
for the dose that you may prescribe. There are lots
and lots of other examples. I am very hopeful that
this will come on stream, but I very much take the
point about computerisation, and I was going to
mention that in other circumstances too. I think that
in general practice we have taken computerisation
very much on board; all of us have totally
computerised records and we are able to produce
disease registers. It is perfectly possible to flag up
prescribing so that some of the warnings will come
up, as they do now, or the instruction to have a test
allied to a particular pharmaceutical preparation. It
has not happened yet but I am quite sure that it
should do and can do, and certainly our computer
systems are ready and able to do this.
Mr Streets: If I may link Lord Colwyn’s comment
and Lady Finlay’s comments there, our preliminary
search of curricula (we have to do a detailed search)
would suggest there is a good deal of
pharmacogenetics in diVerent curricula that we have
approved, but I think your question, Lady Finlay, is
a very good one because the pressure that we are
constantly under as a regulator is to put something
else in the curricula, and the question we have to look
at is the balance between core curricula and specialist
content in an area, and with the Working Time
Directive, the consulting contract, when there is huge
pressure on training doctors, where do we draw the
line? I guess the question for this Committee is that
for us to consider genomic medicine as being a core
content of any curricula we need a very strong
evidence base because something would have to give,
and it is a real issue in terms of the core content of
medical training.

Q835 Baroness Perry of Southwark: The Genetics
White Paper recommended (and the
recommendation, I understand, was fulfilled) there
should be more genetic counsellors. Nevertheless, we
have heard in evidence that even more are needed. We
wonder what the problem is. Is it because there are
not enough courses or places on existing courses, or
are not enough people coming forward as students on
the courses? What should be done to provide more?
Professor Kirk: I think there are a combination of
factors, and probably all of the ones that you have
mentioned. There are only two courses available in
the UK, at Manchester and CardiV, and because of
the nature of the training they take very small
numbers of students, because in counselling small
group work is important. So I understand that at
Manchester, for example, they take only around 10
students per intake, whereas they have about 50 to 60
applications, I believe. So there is clearly a gap there
between the people who would be keen to take up
that training and what is available. There is also an
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issue with the Department for Health-funded genetic
counsellor training post scheme about full-time posts
being available at the end of that training. So if there
could be increased posts available that would help
and, maybe, increasing the number of places that can
oVer courses across the UK, and possibly looking at
the possibility of more than one intake per year. But
these all have resource implications.

Q836 Baroness Perry of Southwark: Are there more
people training than there are posts for them to fill, or
are there still posts that are empty?
Professor Kirk: There are more people training than
there are posts to fill. Another consideration, of
course, is looking at extending the roles of other
nurses in specialist areas and providing them with the
necessary genetics knowledge and skills to at least
support the work of genetic counsellors in the
regional centres.

Q837 Baroness Perry of Southwark: Can you tell us
about the course: how long is it and is it a part-time
course?
Professor Kirk: From what I understand the course at
CardiV is full-time over two years, and the course at
Manchester is part-time but, again, over two years.
That includes the requirement to undertake clinical
placements.

Q838 Baroness Finlay of LlandaV: Should we not be
pushing these courses (and being from CardiV I have
an interest to declare) to actually have a slightly less
intense but fast-track route so that people are coming
through with a high level of skills, not necessarily
absolutely gold-standard (perhaps silver level, if you
like), so that there are more around, so that as posts
potentially could be changed to include a genetic
component in that workload they are better equipped
to move into those positions, or where somebody is
beginning to develop a genetic workload they could
go for a fast-track training specifically to develop
their skills to a higher level?
Professor Kirk: I think that is an excellent point. The
course managers could look at diVerent exit points,
essentially. Certainly, with the introduction of the
workforce competences in genetics, that might also
help kick-start some interest in doing that, but I think
it is definitely something that we would need to
look at.
Dr Harris: If I could add a little to that, I taught a
little on the Manchester course when it was set up
and, obviously, my role was to introduce the students
to primary care and to the possibilities within
primary care. At that time I became quite keen on the
idea of having community genetic counsellors who
had attachments to a number of practices so that they
could raise the awareness within general practice.
There simply are not enough genetic counsellors and

they are, I think, all within departments of medical
genetics and, because of their workload, they really
do not get out of that, and I think there is some need.
If we had more of them and if some of them were
community based then they could take on a role for
the education of all these other primary care
professionals. I think that would be really valuable.
The course (I can only speak about the Manchester
course) is very full and it is very detailed, and it may
be that possibly something at a slightly diVerent level
would be appropriate.

Q839 Baroness Perry of Southwark: Do you think
that GPs would be prepared to pay to share one
genetic counsellor between four or five practices?
Their own budgets are not particularly lavish.
Dr Harris: That is a very diYcult question to answer.
I am really not certain. We do not pay for any other
attached staV.

Q840 Baroness Perry of Southwark: It would be a
PCT payment.
Dr Harris: Yes, it would be a PCT.

Q841 Chairman: Does this not identify a lack of
properly co-ordinated training in genetics and genetic
counselling? Particularly as the knowledge expands
via genomics and genomics gets more embedded into
health care, we will be facing deficiency in an
appropriate group of properly trained people. For
instance, we heard in the United States, rather like
what Lady Finlay was referring to, that graduates
taking a diVerent course—it might be psychology—
will do a module for a year in genetic counselling. Is
there not a gap that has not been identified?
Professor Kirk: I think there is a gap, but I would also
say it has been identified.

Q842 Chairman: Nothing has been done about it.
Professor Kirk: There are other courses available that
do not lead to the qualification in genetic counselling,
but we will face the challenge of nurses being released
to attend those courses and funding support for those
courses. It also has to be said that we face the
challenge of nurses accepting that it may be relevant
to their area of practice. If I could just add to the
previous point, one of the things that the Centre has
done is to appoint nine genetics education facilitators
from within the body of genetic counsellors and it is
their role to work with us from their regional bases to
act as resources to develop genetics expertise, both
for education and for practice. We are finding
already, some of them have been in post a matter of
weeks, that they are an extremely useful resource, but
obviously that takes them, for one to two days a
week, out of their clinical area, which is robbing Peter
to pay Paul, essentially.
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Q843 Lord Warner: We have a sense that when the
National Genetics Education Development Centre
was set up under the Genetics White Paper it
appeared to be focused mainly on single gene
disorders. Is the Centre equipped to deal with the new
generation of predictive genetic tests for common
diseases and drug responses that are now coming into
clinical practice?
Professor Kirk: Clearly, the Centre was set up as a
result of the White Paper which was very much
looking at the new genetics, as it was called. I think
our approach has been that the common conditions
and the genetic component of them are inevitably
complex and for health professionals to understand
those they have to understand the core concepts of
genetics. I think that is particularly the case for
nursing professional groups, many of whom may
have come into nursing with no scientific
qualifications. So they have to understand the basics
of the patterns of inheritance and so on, and the
Mendelian risks, before they can go on to appreciate
the complex risks that they will be dealing with.
Further than that, I think the curriculum frameworks
that we have developed across the piece have, again,
been very much against the backdrop of the new
genetics, and that is why they incorporate issues
around informed consent and looking at the
psychosocial implications of testing and the
consequences of genetic testing for the family. It is
also about the importance of accessing information
and being able to evaluate that and communicate it
to patients. Also, our resources that we develop make
use of the common conditions as their exemplars. We
have also, as I have mentioned earlier, produced a
series of fact sheets on the genomic basis of
therapeutics. Another resource, for example, looks at
genetics and obesity. We have developed other
specific resources that may not necessarily be on the
website. For example, we had a series of seven
nursing articles published across seven specialist
nursing journals which had an almost exclusive focus
on the new genetics.

Q844 Lord Warner: Interpreting what you have
been saying, are you saying that you are absolutely
satisfied that the balance is right between what you
are calling the new genetics and single gene disorders,
or is there further that you feel the Centre should be
going in its emphasising the common diseases and
predictive testing?
Professor Kirk: Yes, definitely, there is further work
we want to do on that, and, as I say, we wanted to
start with the core concepts. Another of our resources
is the “Telling Stories” website, where we have about
100 stories from the public and from health
professionals that we set in an education framework.
Those stories, the first 60 or so, I think, that we
collected, because of the way we had to recruit

through voluntary support groups, were really single
gene disorders and chromosomal conditions. We now
have that website as a platform for development, and
there is a second phase of that where we are going to
be targeting stories that focus on the common
conditions. So we certainly want to develop that.

Q845 Lord Warner: It is a wish rather than actuality?
Professor Kirk: In relation to that specific resource,
yes.

Q846 Chairman: Can you give us some indication of
your resources, in terms of staV and finances?
Professor Kirk: Our finances are that we are funded up
until September 2009, and we are hopeful that further
funding will be forthcoming.1 OVhand, I cannot
recall the number of staV that we have, but I think we
get into double figures, just.2 In terms of the resources
we have produced, they tend to be across a number
of media, including multimedia resources. So we have
resources that are available on the website—

Q847 Chairman: What is your budget?
Professor Kirk: I do not know. I am sorry.

Q848 Chairman: Maybe you can let us have that.
Professor Kirk: Certainly I can pass that on.

Q849 Baroness O’Neill of Bengarve: We were told by
Dr Frances Flinter, who is a Consultant Clinical
Geneticist, that colleagues “sometimes ask for a
genetic test when actually a simple X-ray might give
them the same answer more cheaply and much more
quickly”. Being slightly provocative, what that sort
of comment suggests is that we might be preparing
for the last war, in that we might be emphasising
education that was appropriate and necessary if the
concern is dealing with Mendelian disorders where
we are looking particularly at treatment reproduction
and counselling, above all, but actually now what we
have got is a set of tests coming into use for certain
biomarkers, some of them genetic, some of them not,
and there is not really the same need for specialist
genetic training for the whole workforce but, rather,
for something that alerts people to the appropriate
tests in the appropriate circumstances, and genetic
counselling can remain a small specialism.
Mr Streets: It is a very interesting question. If I may
broaden it out, it illustrates one of the dangers of
accepting something else that should be core to
everybody’s curricula. Perhaps in this area a little
knowledge is a dangerous thing. If I may use the
example of how this could happen, if, following this
question, the suggestion was therefore that genetic
testing or genomic medicine in more general terms
should be part of all core curricula, there is a
1 Budget September 2007—September 2009 is £2,221,891.
2 Headcount of 16 staV.
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19 November 2008 Professor Maggie Kirk, Dr Hilary Harris and Mr Paul Streets

mechanism by which we could look at that to ensure
it was part of every doctor’s training. We are just
about to begin this process now, looking at
management, and I would say the question here is
one of resource use and the eVective use of resources.
One of the consistent themes that comes through
when we do work with trainees—indeed patients as
well, surprisingly—and the service is that doctors
need more training in management, of which
resource use is one component. We as a regulator
have worked with the Academy of Medical Royal
Colleges and the NHS Institute to encourage them to
develop a medical leadership competency
framework. You could see in this area, if it was
decided this was a key core area of medicine, that we
could encourage the academies we are working with
and, perhaps, the National Genetics Education
Centre, to look at developing a competency
framework in genetics. Our job as a regulator then is
to ask, as we look at curricula, how leadership, or
genomic medicine in this case, has been incorporated
into the curricula, and by looking at the competency
framework in management (and do the same in
genomic medicine) we could approve that
competency framework as part of speiclaty carricula.
It goes back to the question that Lady Finlay raised;
the question is: if we put this in the curricula what
gives?
Professor Kirk: I was going to add that, again, from
the nursing perspective it is clearly an important area
and that is why one of the competences is about
understanding the limitations of genetic testing as
well as understanding the potential benefits. I also
think it is important that nurses get a sense of
perspective about genetic testing so that they do not
see it as the cure-all and that they put it in the context
of other interventions.
Dr Harris: I would add that at the present time I do
not see that genetic testing should, in any way, replace
family history-taking and careful clinical
examination. At the moment that would not be
appropriate. I was trying to think of an example, and
there are lots of them, but if somebody comes into me
aged 30 and has a father and a brother who have got
diabetes I am not going to be asking for a genetic test;
I am going to be doing a urine test, a fasting blood
sugar and, perhaps, a glucose tolerance test. Much
more importantly, in that scenario, is that as a GP I
should be trying to identify a subset of patients in all
areas of common disease who are needing to be
targeted and managed in perhaps a diVerent way—
perhaps to be seen more regularly, perhaps for some
more testing to be done as appropriate and to have
more lifestyle modifications at the present time. I
think that is the area of common disease that is really
important. There are subsets which quite definitely

have genetic components, but those have not been
elucidated quite yet. I do not snatch at a genetic test
to do that.

Q850 Baroness O’Neill of Bengarve: However, your
interest is in the stratification of the patient
population.
Dr Harris: Absolutely. Absolutely.

Q851 Chairman: Could it be that whilst the family
history-taking, of course, is extremely important,
with the increasing knowledge in genetics you might
be interested in identifying the genetic basis—if there
is a genetic basis—that might give that patient a
disease later on in life, or not, before that person has
developed glucose intolerance?
Dr Harris: Absolutely, yes.

Q852 Chairman: So you would use both?
Dr Harris: Yes, of course I would.

Q853 Chairman: Is that not likely to be the scenario
in the future?
Dr Harris: Yes, I am sure it will be. It is not quite yet,
but I am sure it will be, yes.

Q854 Baroness Finlay of LlandaV: You make me
wonder whether we are over-focusing at the end of
the test on the high-tech bit, and forgetting the
importance of a family tree in routine history-taking,
and spending some time on taking a proper family
tree history.
Dr Harris: Yes. I have been interested in this area, as
you know. Geneticists take a pedigree; it is at least
three generations and it is every family member. Now,
I would say this is never likely to happen in general
practice at the present time; this is very diYcult to put
within a ten-minute consultation. What is important
is, also, recording family history and information and
seeing it as something that is dynamic, that is going
to change. There, computers, very much, are
important. In that respect, too, we have very little
ability in general practice to record or read-code
genetic information. I might say that when (it might
have been) Connecting for Health were in
Manchester and I rang them about this, they said:
“We didn’t actually know there were any genetics in
primary care.” I think they have moved on since then.
However, it is not possible; the only way of recording
it is “as a carrier of genetic disease” and then adding
it as the diagnosis, which is not really up to date for
then looking again at various subsets.
Chairman: Thank you very much indeed, all three of
you, for coming to give evidence today. We appreciate
it very much. If you have further evidence that you
would like to submit please feel free to do so, and we
will be grateful to have it. Thank you.
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WEDNESDAY 21 JANUARY 2009

Present Broers, L Perry of Southwark, B
Colwyn, L Taverne, L
Finlay of Llandaff, B Warner, L
O’Neill, of Bengarve, B Winston, L
Patel, L (Chairman)

Memorandum by the Department of Health (DH), the Department for Innovation, University and Skills
(DIUS) and the Department for Business, Enterprise & Regulatory Reform (BERR)

Introduction

1. The Government welcomes the House of Lords Science and Technology Committee appointment of a sub-
committee, chaired by Lord Patel, to assess the current state of genome technologies and their actual and
potential impact on clinical practice.

2. The Committee has expressed an interest in a range of issues related to:

— the development of a policy framework;

— the research and development strategy, including that of the research councils;

— the use and storage of biological data;

— the translation into clinical practice and potential impact on the NHS.

3. This memorandum is in response to the call for evidence, and highlights the cross Government work by the
Department of Health (DH), the Department for Innovation, University and Skills (DIUS) and the
Department for Business Enterprise & Regulatory Reform (BERR). This memorandum does not cover
certain policy areas that are devolved to Scotland, Wales and Northern Ireland, mainly those relating to the
funding of research and development in the National Health Service (NHS). However, some initiatives are
funded on a UK-wide basis and these are indicated. The memorandum focuses on many of the issues raised
by the Committee, by:

— highlighting the significant initiatives that the government has undertaken to support genomic
medicine;

— giving examples of how some of the initiatives are currently being used and may be used in the future;

— describing how horizon scanning is carried out and the regulatory considerations.

4. In particular, the memorandum of evidence highlights the work under the 2003 Genetics White Paper Our
Inheritance, Our Future1 to develop the capacity and capability of the NHS. It will also focus on Best
Research for Best Health,2 which sets out the direction that NHS research and development will take to
ensure a world-class environment for conducting and using NHS health research.

5. The Human Genome Project, completed in 2003, resulted in the sequencing and identification of the 25,000
or so genes that make up the human race. Since then a number of other human (and animal) genomes have
been completely sequenced thus paving the way to discovering the meaning and impact of individual
diVerences in our genes. This, in turn, will facilitate a greater understanding of how groups of genes interact
not only with each other but also with environmental factors to influence resistance to, or development of,
disease. These advances in human genetics have the potential to change significantly the healthcare pathways
involved in disease prevention, diagnosis and treatment. The application of knowledge of the human genome
to medical practice could be defined as genomic medicine.

6. To properly harness this potential for the NHS, will require a comprehensive evidence base. This is being
generated by a combination of conventional research and development together with new methodologies that
utilise faster analytical techniques. The evidence base will also comprise of evaluations, economic analyses and
1 http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH 4006538
2 http://www.dh.gov.uk/en/Researchanddevelopment/Researchanddevelopmentstrategy/DH 4127109
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examinations of the related social, ethical and legal issues. The Government, Research Councils and major
research funders such as the Wellcome Trust have been actively addressing these issues since the human
genome sequencing projects started in earnest in 1997.

Policy Framework

Government Policy Initiatives

7. Following recent machinery of government changes, the main Government departments involved in
developing and reviewing the policy framework for the research and development and implementation of
genomic medicine into clinical practise are the Department of Health (DH), the Department of Innovation
and Universities and Skills (DIUS) and the Department for Business Enterprise & Regulatory Reform
(BERR).

8. DIUS funds initiatives through the Research Councils and the Technology Strategy Board, to encourage
the development of the skills base and to encourage the development and trialling of potential medicines and
innovative health technologies. DH is making rapid and substantial progress with implementing the
Government’s health research strategy Best Research for Best Health. The strategy will create a health research
system, in which the NHS supports outstanding individuals working in world-class facilities, and in which
leading-edge research focused on the needs of patients and the public is conducted.

9. DH has also set out a strategy for preparing the NHS to take advantage of genomic developments in the
genetics White Paper published in 2003 and which has recently been reviewed (see paragraph 15).

Co-ordination of Research

10. BERR has a strong interest in genomic medicine because of its impact on the competitiveness of UK
pharmaceutical and biotechnology industries. Companies in these sectors play important roles not only in
generating new genetic knowledge but also in developing innovative technologies that will enable this
knowledge to be taken up into routine healthcare. A particularly important initiative led by BERR (and
previously DTI) in partnership with BBSRC and MRC was the LINK Applied Genomics collaborative R&D
programme which involved 23 UK companies (21 SMEs) and 17 universities and research institutes. The
programme aimed to use genomics to identify novel functionalities in biological systems for exploitation.
There can be no doubt that the programme has been an outstanding success and has created significant value
for the UK. Indeed, six of the companies involved in the programme have attracted some £500 million further
investments, and largely remain UK-based. BERR and DH jointly have, in partnership with the industry,
undertaken three major initiatives—the Pharmaceutical Industry Competitive Task Force (PICTF), the
Bioscience Innovation and Growth Team (BIGT) and the Healthcare Industries Task Force (HITF) which has
helped advance genomic medicine in the UK, further information is available at paragraph 49 and Annex A.

11. DIUS provides funding of over £3 billion per annum to the seven Research Councils.3 From this, the
Research Councils fund a broad range of fundamental and translational research. Fundamental research seeks
to understand basic mechanisms in health and disease and this research is conducted in universities and
Research Council institutes. The research generates the underpinning knowledge that is essential for any
product or technology development. Translational research is aimed at a range of application areas and much
of it is conducted in collaboration with industry.

12. To develop the ideas and new potential drug targets identified by researchers, the Research Councils work
closely with the Technology Strategy Board4 (TSB) as well as with the Health Departments in all four
countries and agencies, National Institute for Health Research (NIHR) and industry. DIUS and the DH have
jointly formed the OYce for Strategic Coordination of Health Research (OSCHR). OSCHR’s mission is to
facilitate more eYcient translation of health research into health and economic benefits in the UK through
better coordination of health research and more coherent funding arrangements to support translation.

13. The TSB was established in July 2007 to invest in research and development; build partnerships between
business, research and Government to address major societal challenges; and run a wide range of knowledge
exchange programmes to help innovation flourish. With a leading role in UK innovation, it is envisaged that
the TSB will help to build and maintain the country’s global competitiveness. Over the next three years, the
TSB will develop and lead a strategic programme worth £1 billion through a number of key UK technology
and application areas, to stimulate innovation in those areas which oVer the greatest scope for boosting UK
growth and productivity. The TSB is still developing the strategy for its future work, but its programme will
3 http://www.rcuk.ac.uk/default.htm
4 www.innovateuk.org
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be delivered in partnership with industry, other Government departments, Research Councils, Regional
Development Agencies and the Devolved Administrations. The TSB is in discussion with MRC, DH and
NIHR about co-ordinating research strategy, funding and areas for collaboration, further information is at
Annex A. It will also liaise closely with OSCHR to discuss high-level research and technology policy issues.

14. The UK is one of the pioneers of genetic research, taking a lead role in the international Human Genome
Project and its application to medicine. The Government remains committed to genetics research and it aims
to make the United Kingdom the best place in the world for associated health research, development and
innovation. A fundamental principle is that Government expenditure on research and development should
result in more eVective translation of health research into health and economic benefits in the UK and that it
should deliver quality and value for money awarded contestably and transparently through rigorous
competition. It will ensure, through the NIHR,5 that necessary policies are in place and that resources are
available to allow the NHS to contribute fully to this objective.

Integration of Genetics in the NHS

15. The Genetics White Paper set out the vision that the NHS should lead the world in taking maximum
advantage of the application of the new genetic knowledge for the benefit of all patients. New genetic
technologies are increasingly going to revolutionise the delivery of targeted health care and prevention of ill
health. Over the past decade, the Government has set out a clear strategy for research into the link between
genes and disease and to prepare the NHS to make maximum use of the new knowledge.

16. The White Paper Our Inheritance, Our Future: Realising the potential of genetics in the NHS (Cm5791-
II)6 was presented to Parliament in June 2003. The main aim of the White Paper was to enable the NHS to
make appropriate use of genetic knowledge and technology as it emerges. It announced £50 million of new
expenditure to fund a broad-based programme of work including:

— strengthening specialised genetics services

— building genetics into mainstream services

— spreading knowledge across the NHS

— generating new knowledge and applications

— ensuring public confidence

These commitments built on earlier investments to build capacity and capability in specialised genetics
services.

17. The White Paper undertook to review this area after three years. The report of the review of the White
Paper was recently published (copies have been supplied to the Committee). The review sought views from a
wide range of scientific, professional and patient groups as well as Government committees with a
responsibility for genetics. A summary of the progress on the commitments in the White Paper is at Annex B.
It shows that significant progress is being made with key achievements as follows:

— Investment in specialist service capacity, in particular new laboratory technologies and training posts
for laboratory scientists and genetic counsellors

— Support to develop the knowledge and understanding of the NHS workforce through establishment
of the National Genetics Education and Development Centre (NGEDC)7 and the Genetics
Conditions Specialist Library8 within the National Library for Health

— Funding for research in gene therapy, pharmacogenetics and health service issues related to genetics,
which has included funding two novel gene therapy trials, the first of their kind in UK, for Duchene
Muscular Dystrophy and childhood blindness and five year funding for the first NHS chair in
Pharmacogenetics

— Support for service development pilots to trial new approaches to service delivery integrating
genetics into other clinical specialty areas to provide more streamlined, patient centred, care.

18. DH will continue to take forward developments to support both specialist genetic services and
development of capability in the wider NHS, and to engage the public.
5 http://www.nihr.ac.uk/infrastructure.aspx
6 http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH 4006538
7 www.geneticseducation.nhs.uk/
8 www.library.nhs.uk/genepool/
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Advisory Framework

19. The Government has a comprehensive advisory framework to inform the development of policy relating
to genomics. These include advisory Non-Departmental Public Body (NDPBs), professional bodies, advisory
committees and ad hoc groups. This allows the monitoring of emerging scientific developments and
consideration of their potential impact on clinical service. A list of some relevant bodies is at Annex C.
Examples of their work are given in the appropriate sections of this memorandum.

Horizon Scanning

20. DH, DIUS and BERR regularly undertake horizon scanning in order to have a mechanism to provide for
the development of policies to raise future capability across Government, which will include that for genomic
medicine. The current mechanisms of horizon scanning include:

— The National Horizon Scanning Centre Research Programme is part of the National Institute for
Health Research (NIHR) and is funded by DH. The Centre investigates new and emerging health
technologies that may require urgent evaluation and provides advance notice to the Department.

— The Horizon Scanning Centre9 in the Government OYce for Science has been running a Wider
Implications of Science and Technology10 (WIST) programme of stakeholder engagement to
identify the safety, health, environmental, ethical, regulatory and social implications of new and
emerging areas of science and technology. This has been closely integrated with a DIUS funded
Sciencewise11 programme (sciencehorizons12) of public engagement on emerging technologies.

— The Foresight Programme within the Government OYce for Science uses robust evidence and
rigorous futures methodologies to identify and understand the risks and opportunities that arise
from uncertainty in order to improve strategy across Government

— A central Horizon Scanning Unit (HSU) and a distributed Horizon Scanning Network (HSN) have
recently been established by DH to assist this integrated approach and to improve the capability for
systematic and joined up futures thinking.

21. Further information on the Government Departments’ horizon scanning capabilities are at Annex D

Genomics Research in the EU Framework Programme

22. The UK’s approach to promoting genomic medicine was used during the negotiations of Framework
Programme (FP) 7 to create funding modalities and topic areas that specifically addressed this policy area. The
Commission is seeking to develop the genomics research funded in FP6 through its plans for FP7. FP7 will
help integrate genomics, epidemiological, biological and biotechnology data and develop key technologies for
health-related industries with a view to developing knowledge and capacity for intervention. This includes a
“high-throughput research” area aiming to catalyse progress in developing new research tools including
fundamental genomics that will enhance significantly data generation and improve data and specimen (bio-
banks) standardisation, acquisition and analysis. There is also a focus on “Large-scale data gathering” to use
high-throughput technologies to generate data for elucidating the function of genes and gene products and
their interactions in complex networks in important biological processes.

23. Genomics research will also be included in the Innovative Medicines Initiative (IMI), which is a public
private partnership to be funded over the next 10 years using ƒ1 billion from the European Commission (via
the FP7 Health Theme) and ƒ1 billion in kind contributions from industry. The aim of the IMI is to support
the faster discovery and development of better medicines and to enhance Europe’s competitiveness by
ensuring that its biopharmaceutical sector remains a dynamic high-technology sector. The knowledge
management strand of IMI will aim to maximise on technologies such as genomics by providing platforms to
analyse large amounts of information in an integrated and predictive way. Genomics and pharmacogenomics
will be included in the IMI strands aiming at improving predictivity in drug safety and drug eYcacy evaluation.

24. EuroGentest13 is an EU-funded Network of Excellence (NoE) which looks at all aspects of genetic testing
such as, Quality Management, Information Databases, Public Health, New Technologies and Education.
Through a series of initiatives, EuroGentest encourages the harmonization of standards and practice in all
these areas throughout the EU.
9 http://www.foresight.gov.uk/HORIZON SCANNING CENTRE/index.html
10 http://www.foresight.gov.uk/HORIZON SCANNING CENTRE/WIST/Index.html
11 http://www.sciencewise.org.uk/
12 http://www.sciencewise.org.uk/html/projects.php?source%projectdetail&project ID%9
13 http://www.eurogentest.org/
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Regulation

25. The Medicines and Healthcare products Regulatory Agency (MHRA) is the Competent Authority for
medical devices in the UK. All genetic test kits, whether they are regarded as new technology or not, which
detect a gene from blood or other human fluid samples in vitro are regulated under the In Vitro Medical
Devices (IVD) Directive which has been transposed into UK law by the Medical Devices Regulations 2002,
further information is provided in Annex E.

26. The Human Fertilisation and Embryology Authority14 (HFEA) was created by the Human Fertilisation
and Embryology Act 1990. The first body of its kind in the world, the HFEA was established to regulate
fertility treatments involving in-vitro fertilisation (IVF), the use of donor gametes (eggs and sperm) and
embryos, the storage of gametes and embryos and research involving human embryos. The HFEA currently
licences the testing of embryos, created by in vitro fertilisation, for the presence of inheritable genetic
conditions, in certain circumstances.

Ethical and Societal considerations

27. One of the societal or economic Grand Challenges that the Research Councils announced in December
2007 will address lifelong health and well-being, in response to the Treasury’s Grand Challenge on the eVects
of an ageing population on economic competitiveness. The Research Councils’ Grand Challenges will be
developed in conjunction with researchers, users and the public and will include basic research through to
application plus studies on risk governance, economics, and social implications.

28. The Human Genetic Commission15 is the UK Government’s advisory body on new developments in
human genetics and how they impact on individual lives. It advises the Government on human genetics with
a particular focus on the social, ethical and legal issues. The HGC reports to Health and Science Ministers and
Ministers in Scotland, Wales and Northern Ireland. Its terms of reference include a role in advising on strategic
priorities for research and the delivery of genetics services by the NHS. Recent discussions by the HGC have
included research priorities in genetics; the protection of genetic information, such as in research or clinical
databases; the use of genetic knowledge in reproductive decision-making and the use of genetic information
for non-clinical purposes, such as insurance, employment and forensics. The Government is currently
considering the recommendations of an independent review of the HGC which has endorsed the important
contribution the committee makes.

29. The Patient Information Advisory Group (PIAG)16 was established to provide advice on issues related
to the use of patient information and to advise on powers under Section 251 of the NHS Act 2006, which lifts
the common law duty of confidentiality in limited circumstances. The membership of PIAG is independently
appointed and includes patient, lay members, healthcare professionals, and researchers. Its remit includes both
data based research and the identification of potential research subjects.

30. It should be noted that the Health Bill currently passing through Parliament proposes to transfer PIAG’s
functions to a newly established National Information Governance Board (NIGB) and provides this new body
with additional powers.

31. In 2006, the government’s health research strategy Best Research for Best Health announced that the UK
Clinical Research Collaboration, DH R&D and NHS Connecting for Health, would work closely to ensure
that the data collected via the NHS Care Record Service and supporting infrastructure meet the needs of
researchers and public health practitioners, strictly within the bounds of patient confidentiality. The UKCRC
formed an expert advisory group, and published recommendations in mid 2007. The Department responded
by establishing a Research Capability Programme in NHS Connecting for Health. Over the next few months,
the programme will complete its enabling phase, which is defining the major elements to be delivered over the
next few years.

32. The policy framework for research uses of genomic information is based on a careful analysis of the legal,
social and ethical implications. Research in the NHS is conducted within a framework of research governance
policies based on the law, international best practice and on a number of international consensus statements,
such as the World Medical Association’s Declaration of Helsinki. In 2005, the Department reissued the
Research Governance Framework for Health and Social Care as a core standard17 for health care
14 http://www.hfea.gov.uk/
15 http://www.hgc.gov.uk/Client/index.asp?ContentId%1
16 www.advisorybodies.doh.gov.uk/PIAG
17 Department of Health Research Governance Framework for Health and Social Care, 2nd edition, DH April 2005, issued as a core

standard for health care organisations. Health care organisations have to take these standards into account in discharging their duty
of quality under Section 45 of the Health and Social Care (Community Health and Standards) Act 2003.
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organisations. The Department’s guidance on the system of research ethics committees18 is under review
following the creation of a National Research Ethics Service. The NRES is implementing a programme of
measures19 to harmonise and streamline the operation of research ethics committees.

33. The Council of Europe’s Steering Committee on Bioethics (CBDI) provides an international forum
focussing on the ethical and legal implications of genetics, and DH oYcials represent the UK. A Protocol to
the Convention on Human Rights and Biomedicine covering genetics has been under development and is
currently awaiting approval by the Council of Europe. This expands on the core principles of the parent
Convention covering matters such as consent and privacy. The Council of Europe is also considering the need
for further work on pre-implantation genetic testing, prenatal genetics testing and genetics and insurance.

Research and Scientific Development

34. The pace with which new genetic knowledge is generated is increasing. Better DNA sequencing strategies,
perhaps dependent on identifying genetic diVerences between diVerent individuals rather than determining
entire genomic sequences (the absolute similarity between genomes from separate individuals exceeds 99 per
cent) will alone transform the availability of genetic information on an individual. Improved algorithms for
assessing the interactions between an individual’s genes, environment and lifestyle will result in the
development of an increasing number of prediction and prevention strategies. The benefits of some of these
will be easy to identify and justify uptake into clinical practice. However, this will not be the case for all and this
emphasises the need for ongoing research and development into the ethical, legal and sociological frameworks
needed to support the adoption of new genetic information in healthcare.

35. In 2003 the DH invested over £15 million in three specific programmes of research on genetics based health
services, pharmacogenetics and gene therapy in order to generate new genetics knowledge relevant to
healthcare. This formed part of the £50 million funding package announced in the genetics White Paper.

36. The programme on genetics based health services was aimed at consolidating and developing a robust
evidence base to inform the policy, planning and implementation of health care services with a genetic element.
It was concerned with the commissioning, organisation, management and delivery of services and with aspects
of patient, public and societal attitudes and behaviour that may influence the design or delivery of care. Seven
projects were funded, the majority of which were designed to investigate ways to better communicate both
genetic information and genetic risk to diVerent population groups. These projects are all ongoing and an
assessment of the impact of any outputs is therefore not possible at the present time however, it is already clear
that they will have some influence on the shape of future policy development.

37. The programme on pharmacogenetics was specifically focused on existing medicines that are commonly
used or that have a reduced benefit due to possible genetic-related toxicity. This focus was created with the
recognition that the pharmaceutical and biotechnology industries were investing heavily in pharmacogenetic
research on the new medicines that are to be marketed in the future. Six projects were funded but, perhaps more
importantly, funding was also provided to establish the first NHS Chair of Pharmacogenetics and a supporting
research team at University of Liverpool. It is intended that this Chair should increase research capacity and
knowledge in this important field and facilitate the development of a network of researchers across the NHS
capable of evaluating and then introducing pharmacogenetic tests into the routine prescription of medicines.

38. The programme on gene therapy was made up of two components. First, research into the long-term
safety of the use of gene therapy vectors that are designed to insert therapeutic genes into human genetic
material. The object here was to initiate the development of an evidence base that would minimise the risks
and maximise the benefits of gene therapy. Four projects were supported; evaluating the outcomes and impact
of this research is still on-going.

39. Second, research into the development of gene therapy to treat single gene disorders. This was designed
to stimulate research in an area that has potential benefit to a significant proportion of the UK population
(estimated at over three-quarters of a million) and that is unattractive to commercial investment because of
the associated high risks and low financial returns. The budget for this part of the gene therapy research
programme was supplemented to enable clinical researchers to gain access to gene therapy vector production
facilities capable of operating to the exacting standards of good manufacturing procedures. Investment in this
research has led to clinical trials for assessing treatments for severe combined immunodeficiency (SCID) in
children, a form of childhood blindness, Duchenne muscular dystrophy in boys and myeloma. Two additional
trials for the treatment of leukaemia and cystic fibrosis are also planned. A clinical trial for the treatment of
cystic fibrosis is being planned.
18 Governance Arrangements for NHS Research Ethics Committee, DH 2001
19 Building on Improvement—Implementing the recommendations of the Report of the Ad Hoc Advisory Group on the Operation of

NHS Research Ethics Committees, National Patient Safety Agency, August 2006
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40. Supporting these specific research programmes in harnessing the potential of human genetics to improve
healthcare was the network of UK Genetics Knowledge Parks (GKPs) announced in 2002. This network was
established as a joint initiative between the Department of Heath, what was then the Department of Trade
and Industry and the National Assembly for Wales. Six GKPs were created in Cambridge, CardiV, London,
Newcastle, Oxford and the North West. Together they investigated a diverse array of topics, which
encompassed the translation of new science into diagnostic, testing, screening and treatment pathways, a
consideration of the complex ethical, social and legal issues involved in this process and the need for
professional education and public engagement.

41. The GKPs did excellent pioneering work and although the dedicated funding for the English (but not
Welsh) Genetics Parks has come to an end the work they began is continuing within the separate institutions
and wider networks. They have made a significant impact in alerting the NHS to some of the issues needed to
embed genetics into mainstream medicine and service delivery. They have done this by creating multi-
disciplinary environments where clinicians and laboratory workers can meet with teachers, lawyers,
politicians, ethicists industrialists, patient groups and the general public to explore the ways in which genetic
technologies can best be deployed in heath care settings. They have demonstrated that the translation of
genetic research into clinical practice is a complex process that is as reliant on organisational structure as
scientific and technological developments. The work of the Oxford GKP played a significant role in the
creation of one of the new Biomedical Research Centres (see later).

42. Progress in implementing the recommendations made in the Genetics White Paper has been reviewed
recently (Annex B) and the feedback obtained during this process identified the related disciplines of
proteomics and transcriptomics as additional key areas for consideration. It was felt that research on these
topics was essential for further understanding the mechanisms that underlie disease and that this was likely to
lead to new and eVective treatments. In addition, further epidemiological research was considered essential
to understand the significance of new discoveries about the existence and eVects of polymorphisms (common
variations in genetic make-up).

43. The outcomes of this research will improve our understanding of the influence of genetic variations on the
risk of common chronic conditions. This will become increasingly important to people making lifestyle choices
to reduce their risk of these diseases. This underlines the importance of health professionals having better
access to both information about genetic conditions and management support to incorporate genetics
advances into their practices.

44. The genetics research programmes were time limited. Continuing and future support from the DH for
research in this area will come from the Department’s mainstream funding for health research. The
Department’s research and development budget for the NHS for 2007–08 is £733 million—7.7 per cent higher
in real terms than in 2006–07. This pattern of increases in Government funding for health research is set to
continue across the current comprehensive spending review period. It will lead to a budget of over £1 billion
for DH and a total Government investment in heath research, including funding for the Medical Research
Council (MRC), of over £1.7 billion per annum by 2010–11.

45. The DH established the National Institute for Health Research (NIHR) in April 2006 to deliver the
objectives set out in Best Research for Best Health. The NIHR is making a substantial investment in the
infrastructure to support experimental medicine in the NHS, through its support for Biomedical Research
Centres and Units and Clinical Research Facilities, the majority of which are undertaking research relevant
to genomic medicine

46. Genome technologies are employed extensively within the first eleven NIHR Biomedical Research
Centres, which receive substantial levels of funding (£468m over five years) to translate fundamental
biomedical research into clinical research that benefits patients. These Centres are the most outstanding NHS/
University partnerships in the country and are leaders in scientific translation and early adopters of new
insights in technologies, techniques and treatments for improving health. The Biomedical Research Centre in
Manchester, announced on 19 March 2008, will be exclusively concerned with the application of genetic
technologies to diagnostic procedures and treatment in a number of key areas of healthcare. It will build on
the work of the former North West GKP.

47. The NIHR is also establishing 12–16 Biomedical Research Units in 2008–09 to undertake translational
clinical research in the following priority areas of high disease burden and clinical need, which are under-
represented in the existing NIHR Biomedical Research Centres: cardiovascular disease; deafness and hearing
problems; gastrointestinal (including liver) disease; musculoskeletal disease; nutrition, diet and lifestyle
(including obesity); and respiratory disease. Again, genomic technologies will be fundamental to the research
undertaken by these Units, each of which will receive at least £3.75m over four years
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48. Finally, a fellowship fund has allowed young health professionals to travel abroad with the aim of bringing
back to the NHS relevant skills in genetics healthcare, research and new laboratory technology. In addition,
eminent genetics scientists have visited the UK and contributed to genetics policy development and public
health research programmes.

Translation

49. The Pharmaceutical Industry Competitive Task Force (PICTF) process set a new direction of travel in
relation to the relationship the Government had with the pharmaceutical industry as it provided a structured,
action-oriented platform for eVective dialogue. It was recommended in the PICTF report (2001) that this close
working should continue through the Ministerial Industry Strategy Group (MISG). MISG is a high-level
group co-chaired by the relevant DH Minister and a company Chief Executive and its role is to take a strategic
overview of the UK environment.

50. Bioscience Innovation and Growth Team (BIGT) concluded that that the bioscience-related industries
would play a major role in:

— population screening to identify the proportion of the population aVected by a specific condition
or disease

— research to elucidate the underlying genetic and cellular mechanisms of the disease

— disease detection

— research to elucidate which cellular targets may be most productive for drug development

— identification of subpopulations to be tested in clinical trials of drugs in order to claim targeted
clinical eYcacy only in the relevant patient group

— screening prior to prescribing treatment to identify patients who would benefit from the drug in
question

51. A significant outcome of the BIGT process was the creation of the National Clinical Trials Agency
(NCTA), which supports excellence in clinical trials and clinical research within the NHS. However, the overall
eVect of the BIGT initiative is to be reviewed and refreshed through a review to be chaired by Sir David
Cooksey to determine what more needs to be done to drive the development of the industry and to ensure its
global competitiveness.

52. There will be three areas of work a) a stocktake workstream—reviewing progress against the Bioscience
2015 recommendations b) a finance and investment workstream—looking at the particular issues faced by the
sector in raising finance and investment and c) a new ideas workstream –looking at emerging issues impacting
on the competitiveness and future of the medical bioscience sector.

53. Finally, in recognition of the key role played by medical devices and diagnostics in the delivery of high
quality health and social care services, the Healthcare Industries Task Force (HITF) was established in 2003.
This resulted in the creation of the HITF Strategic Implementation Group (SIG) to oversee the start of the
delivery of HITF outputs, and to continue to develop the dialogue between Government and the industry. A
key issue continued to be how to balance the NHS’s need to secure good value for money with investment in
innovation where the returns are likely to be realised only in the longer term.

54. These three initiatives (PICTF, BIGT, HITF) collectively, but sometimes implicitly, recognised that
genomics is enabling industry

— To identify which patients will react best to drugs and conversely to detect genotypes which may be
liable to have an adverse reaction to particular drugs. Blood samples are routinely taken and
phenotype and genotype assessed in selecting patient cohorts for clinical trials and thereby select-in
patients where the drug is most likely to work. For existing drugs diagnostic kits can be used to assess
genotype and customise the dose of the drug that is given

— To diagnose diseases much more precisely and treated with highly specific therapies—a move
towards personalised medicines. Examples of this might include gene therapy and RNA interference-
based drugs

— To develop diagnostic assays which will detect biomarkers of disease at onset and progression while
in disease management to use such biomarkers as surrogate indications of disease in developing
drugs

— To develop new therapeutics and vaccines given the new molecular targets (both in humans and in
pathogens) identified by genomics
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55. This, in turn, has facilitated significant cross-sector collaboration in the following ways:

— Genomics has led to a surge in the amount of data being created and that needs to be analysed.
Collaborations with the science base and with technology providers in areas such as data mining are
widespread. The MRC, Welcome Trust and the Sanger Institute are actively involved in such studies

— The Bio-pharmaceutical Industry collaborates extensively on pre-competitive research with the
research councils in the UK, with many Universities outside of the UK and the National Institute
of Health (NIH) in the US. There is extensive collaboration within the sector and with enabling
technology supply companies

56. Recent developments in NIHR funding for translation and innovation:

— One of the key points made in the Cooksey Review was the need to bridge the gap between basic
scientific discoveries and new ways to prevent, diagnose and treat disease. To bridge this gap we are
working closely with the MRC under the umbrella of the newly established OYce for Strategic
Coordination of Health Research (OSCHR) Board to develop an integrated strategy for publicly
funded health research.

— In November 2007, in partnership with the MRC, DH announced a new raft of measures for clinical
trials designed to help turn research discoveries into benefits for patients faster:

— The EYcacy and Mechanism Evaluation (EME) Programme will help to move promising
technologies forward by evaluating their eYcacy and safety by assessing their clinical and cost-
eVectiveness. The programme, funded by the MRC, will start in April 2008.

— The Patient Research Cohorts Initiative will identify small, carefully defined groups of patients
with particular illnesses, in order to throw light on previously poorly understood aspects of how
these illnesses progress.

— The Methodology Research Programme will support the development of new, improved
systems and theories for health research, because research is only able to provide reliable and
relevant evidence if it is carried out using the most powerful and appropriate research methods.
The programme will investigate the tools, theories and disciplines that underpin the design,
analysis and evaluation of research in the health sciences.
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— These new initiatives will complement existing NIHR’s research programmes,20 which are
illustrated in the “innovation pathway” diagram.

Patient CareNHS Providers
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The diagram illustrates how the NIHR’s major
research initiatives fit into the ‘innovation
patchway’. The pathway starts with the ‘creation’
of an innovation - which would include basic
research in a laboratory, through to its use
in a patient care setting. The diagram is not
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programmes and organisations.
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Diagnostics industry

57. The medical devices industry covers a diverse range of products, including medical commodities, hi-tech
hospital equipment, robotic implements and in vitro diagnostic devices. In the latter case, there is considerable
potential for their application in relation to:

— population screening to identify people at a higher risk of a disease or its complications

— research to elucidate the underlying genetic and cellular mechanisms of the disease

— disease detection

— research to elucidate which cellular targets may be most productive for drug development

— identification of subpopulations to be tested in clinical trials of drugs in order to claim targeted
clinical eYcacy only in the relevant patient group

— screening prior to prescribing treatment to identify patients who would benefit from the drug in
question

20 www.nihr.ac.uk
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Innovation

58. It is recognised that, while Britain is a leader in basic science and the development of health innovative
techniques and technologies, adoption of these innovations is variable across the health and social care
systems. The Health Innovation Council (HIC)21 has been established to promote the benefits of innovation
to the NHS and social care and provide leadership in supporting innovation from discovery through to
adoption. It will provide leadership and advocacy with key decision-makers in the NHS on the benefits to
patients, the NHS and the country of adopting cost-eVective new technologies and models of care.

59. The National Innovation Centre22 (NIC) was set up as a cross-governmental and HITF recommendation
to assist innovators who may have early innovations, navigate the innovation landscape. The NIC is not
focused on genomics but sees examples of early stage technologies including, medical devices, diagnostics and
training packages. The NIC facilitates and helps smooth the path to broader uptake by interaction with other
agencies on the landscape. The NIC also coordinates the local Innovation Hubs.23

60. The nine local Innovation Hubs manage intellectual property (IP) emanating from NHS staV at the local
level. This IP may include any research from NHS staV and might include genomic/genetics research.

Implications for the use of genetic information

61. The Government has taken careful note of the ethical, legal and social implications of the generation and
storage of genomic information. DH and the then Department of Trade & Industry (with the Research
Councils and the Wellcome Trust) were closely involved in the discussion about the establishment of large
infrastructure projects like the UK Biobank.

62. The 2003 Genetics White Paper noted the concerns are about breaches of privacy and confidentiality (for
example, inappropriate sharing of sensitive medical information) leading to discriminatory treatment or
stigmatisation. It re-aYrmed the role of the Human Genetics Commission and the Genetics and Insurance
Committee in addressing the potential for the abuse of genetic information in employment and insurance.

63. In 2006 the Human Genetics Commission (HGC) concluded, following a survey of employment and
genetic organisations, that there was no significant evidence of genetic testing occurring in the workplace.
There remains, however, concern that genetic information may be misinterpreted or given improper relevance
in an employment context, or that employees might be induced or pressurised to reveal results of genetic tests
already taken.

64. The use of genetic test information by employers is covered in Part 4 of the Information Commissioner’s
statutory Employment Practice Data Protection Code. This sets out in detail the requirements of the Data
Protection Act 1998 and incorporates many of the restrictions on the use of genetic information that were
recommended by the HGC. It considers that genetic testing is of uncertain predictive value for most
employment contexts and use of genetic test results should only be introduced after careful consideration, if
at all.

Insurance

65. In light of concerns that people could be discouraged from taking medically important genetic tests that
then made insurance unobtainable or unaVordable, the Government and the ABI (acting on behalf of the
insurance industry) have agreed a number of safeguards.

— GAIC was set up in 1998 to evaluate applications from the insurance industry for the use of results
from predictive genetic tests in setting insurance premiums. It is a tripartite body reporting to Health,
Treasury and DIUS Ministers with the Secretariat provided by DH.

— In 2001, a 5 year moratorium on the use of such test results was announced by the ABI in response
to a critical House of Commons Select Committee report. The Moratorium was extended to 2011
and incorporated into a Concordat on Genetics and Insurance24 agreed between the Government
and the ABI, which was published in March 2005.

66. Under this Concordat and Moratorium, insurance companies can only ask for the results of predictive
genetic tests if (a) the test has been approved by GAIC and (b) the policy is for more than £500k of life cover
or £300k for other types of health insurance (critical illness, income protection and long term care). To date,
21 http://www.dh.gov.uk/en/Managingyourorganisation/Commissioning/Worldclasscommissioning/Innovation/index.htm?IdcService

%GET FILE&dID%151015&Rendition%Web.
22 www.nic.nhs.uk
23 www.nic.nhs.uk/About/InnovationsHubs/Pages/Introduction.aspx
24 http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH 4105905).
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only one predictive genetic test has been approved by GAIC in 2000 which is for Huntington’s Disease for life
insurance policies over £500k. There will be an operational review of the Concordat in 2008 to ensure that the
Concordat remains up to date and reflects current arrangements for oversight of the use of genetic test results
in insurance.

67. The current policy forms the basis for the position in the 2007 consultation25 which set out the
Government’s proposals for a Single Equality Bill for Great Britain. The Government’s position was that
“there is no current justification for legislating to prohibit genetic predisposition discrimination” given the
safeguards in the Concordat. The response to the consultation setting out the Government’s position is likely
to be published in the summer.

Direct to consumer genetic testing

68. A number of bodies, including the Human Genetics Commission, and Sense about Science, have raised
concerns about the provision of genetic and similar tests directly to the public.

69. Under EU legislation, the MHRA does not have the legal basis to grant pre-market approval or otherwise
control the activities of those providing genetic test services direct to the public. At present, a manufacturer
of these genetic tests self-certifies compliance with the IVDD. The Notified Body’s role is restricted to higher-
risk tests and to the self-test element, including information provided to the user to enable him to use the kit
properly and interpret the results correctly. The IVDD also does not contain any provisions relating to controls
on advertising and promotion of genetic testing services so this also comes outside the scope of MHRA’s
regulatory responsibility. Further information is at Annex D

70. In view of this, the Government has welcomed the HGC’s proposal to work with relevant stakeholders to
develop a comprehensive code of practice or guidelines, based on the findings of the HGC’s previous reports
on genetic testing services provided directly to the public. This will include working with the relevant agencies,
such as the MHRA, the Human Tissue Authority, the Advertising Standards Agency and OfCom. At this early
stage of development of the market for such testing services, there are advantages to having a self-regulatory
system to ensure that any new developments can be accommodated flexibly without undue delay.

UK Biobank

71. There is intensive research underway to use the results of the Human Genome Project to map genetic
diVerences in individuals to show variations associated with common diseases like cancer, stroke, diabetes,
heart disease and dementia. This is using some of the unrivalled collection of patient samples and data in
the UK.

72. UK Biobank26 which is jointly funded by DH, MRC and the Wellcome Trust, is developing a prospective
resource of 500,000 people aged 40–69 from around the UK, involving extensive baseline information,
physical measures, biological samples and medical information. Generation Scotland (like many other
studies) is complementary to UK Biobank and will help to develop the knowledge of genes which contribute
to health or ill-health. Such studies aim to help researchers better understand the causes of disease and to find
new ways to prevent and treat diVerent conditions. Understanding the genetic basis of disease is one
component of building a full picture of health processes. UK Biobank and other biobanks provide the
opportunity to investigate how genetic factors combine with lifestyle and other factors to cause disease.

73. UK Biobank will build on existing genomic information, provide further opportunities for genomic
investigation and discovery, and, importantly, become increasingly valuable (and cost eVective) to researchers
to extend studies into the assessment of the complex interplay between the eVects of diVerent factors (eg genetic
and environmental) in the development of, and recovery from, disease. The suite of samples stored will support
study of a wide range of biomolecules and will allow many types of assays (eg proteomic and metabonomic)
to be undertaken in addition to genetic analyses. Studies of the scale and complexity of UK Biobank will be
unique in having the power to address these research questions which build on the outputs of genomic research
data. These complementary approaches will provide a treasure trove of information that will transform health
research and treatment in the years to come.
25 Discrimination Law Review: A Framework for Fairness: Proposals for a Single Equality Bill for Great Britain http://

www.communities.gov.uk/publications/communities/frameworkforfairnessconsultation
26 www.biobank.ac.uk
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Genome-wide association studies

74. Biomarkers are characteristics that are objectively measured and evaluated as indicators of biological and
pathogenic processes or pharmacological responses to a therapeutic intervention. They play a key role in
understanding the aetiology and progression of disease, as well as the mechanism of action of therapeutic
agents and investigating the response of patients to treatment. Biomarkers are an essential part of the drug
discovery process, being used at every stage from target identification to patient stratification.

75. Genome-wide association studies provide a comprehensive approach to identification of common genetic
variants (one type of “biomarker”) across a population which are either directly associated with the risk of
disease (eg cancer risk) or influence the inheritance of commonly measured quantitative traits, (another kind
of biomarker eg levels of cholesterol as a risk factor for cardiovascular disease). These studies will lead to the
discovery of new genetic factors and disease causing molecular pathways that will open up new therapeutic
avenues.

76. Genome-wide association scans will also help screen for biomarkers associated with the clinical response
to treatment and may lead to the identification of single nucleotide polymorphisms (SNPs) and diVerentially
expressed genes that are related to and predictive of the responder status. The use of genomics and gene
expression platforms at the level of the entire genome therefore oVers unique opportunities for biomarker
research and its translation to patient benefit in terms of tailoring treatments for optimal eYcacy and safety
according to individual’s genetic make-up.

77. The related use of gene chips (microarrays) will make it possible to predict the response of cancers to
chemotherapy, diagnose complex syndromes causing mental impairment in children and screen people to
target prevention strategies for diseases like cancer or diabetes. The capacity of chips and other high
throughput screening devices is rapidly developing—it is now possible to analyse 500,000 variations (SNPs)
per chip. New evidence is also coming out that many conditions result from duplications, deletions or
inversion of small amounts of the chromosome. These copy number variations are increasingly associated with
complex conditions such as autism.

78. However it is important to manage public expectation on the predictive capacity of these genetic
variations. The interpretation of these gene associations with disease risk is complex as many common chronic
diseases are caused by an interplay of genetic and environmental factors. Large scale, long-term population
studies will add to our understanding of these influences. The communication of genetic based risk to
individuals is a highly skilled task that has considerable resource implications for health services. More
integrated research is needed before clinicians can use this information to advise individuals on their personal
risk. Moreover, there is conflicting evidence as to whether knowledge of gene-based personalised risk for
chronic disease such as cancer or CHD actually leads to the eVective modification of risk factors for those
individuals.

Use of genomic information in a healthcare setting

79. The 2003 genetics White Paper recognised that over time the relevance of genetics across other medical
specialties would become increasingly clear to clinicians and others working outside the genetics specialty.
Specialist genetics services will continue to play a leading role in diVusing new genetics advances across the
spectrum of medical care. It will also be essential to encourage the take-up of genetics technology through
service development so that other clinical services can explore ways of using genetics knowledge to help
patients with inherited conditions and their families.

80. The White Paper identified a need for central support to encourage the development of new patient
pathways and types of service in areas of mainstream service planning. DH has funded a number of initiatives
to pilot ways of integrating genetics knowledge into other clinical specialties (see Annex B) for example the
joint DH and Macmillan cancer genetics pilots partnership programme (co-funded with Macmillan Cancer
Support) which have worked to integrate a more eYcient and accurate risk assessment for families into cancer
services. This has supported better quality patient centred care and more eYcient use of NHS resources by
ensuring patients are seen by the relevant part of the service.

81. Two bodies, the UK Genetic Testing Network (UK GTN) and the Genetics Commissioning Advisory
Group (GenCAG) play an important role in supporting and advising the NHS on the role of genetics in clinical
care and the development of services.

82. UK Genetic Testing Network (UK GTN)27 is a collaborative group of NHS laboratories, clinical genetics
specialists, patients’ representatives and service commissioners. Its work is overseen by the UK GTN Steering
Group and it uses a series of working groups to provide advice and information to the NHS on service
27 www.ukgtn.nhs.uk/gtn
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developments. The steering group reports to the Genetics Commissioning Advisory Group (GenCAG). One
of its key achievements has been the development of a rigorous evidence-based system for introducing new
tests into NHS service that assesses both scientific validity and clinical utility. This service has provided NHS
service commissioners with valuable evidence about the clinical usefulness of new tests to help inform decisions
about what tests to fund. The UK GTN also maintains a website, which holds comprehensive and annually
updated information on all molecular genetic tests available through the NHS in the UK, together with details
of laboratories in the UK that provide each test.

83. GenCAG was set up to provide advice to commissioners of genetics services to enable them to provide
appropriate services for NHS patients and their families. Its terms of reference are:

— To take a strategic national overview of genetics in healthcare delivery

— To provide advice to NSCAG (now the National Commissioning Group (NCG) and to Specialised
Commissioning Groups (SCGs) in delivering appropriate services (within available resources) to
NHS patients and their families who require investigation, diagnosis and counselling for conditions
with a genetic basis or where genetic technologies underpin service provision

— To enable NHS patients and their families to benefit from advances in genetic technologies shown
to be eVective and to have clinical utility.

84. The UK National Screening Committee (UK NSC) advises Ministers and the NHS in all four UK
countries about all aspects of screening policy and supports implementation. Using research evidence, pilot
programmes and economic evaluation, it assesses the evidence for programmes against a set of internationally
recognised criteria. These criteria cover the condition, the test, the treatment options and eVectiveness and
acceptability of the screening programme. Assessing programmes in this way is intended to ensure that they
do more good than harm at a reasonable cost. The criteria for national screening programmes have been
expanded to take account of family issues and consent processes when the condition that is being screened is
genetically determined.

85. Genetics and inherited disease feature in a number of population screening programmes, including
antenatal screening for Down’s syndrome, sickle cell disease, thalassaemia, cystic fibrosis and Medium Chain
Acyl CoA Dehydrogenase Deficiency (MCADD).

Education

86. Advances in genomic medicine will require clinical teams to be knowledgeable about the implications of
genetic tests in the management of patients. The genetics White Paper established the National Genetics
Education and Genetics Centre (NGEDC) in Birmingham. The Centre will consider the genetics educational
needs of health professionals who are not genetics specialists and to work with the relevant professional and
regulatory bodies to get genetics incorporated into curricula and continuing professional development to meet
those needs. For example the NGEDC has developed with Skills for Health a competence framework for
health professionals working outside specialist genetics departments. It is also working with the medical Royal
Colleges to incorporate genetics into the new curricula for junior doctors’ training.

87. The White Paper also established a genetics portal in the National Library for Health, which allows health
professionals to access information about genetics and clinical practice from the workplace, the Genetics
Conditions Specialist Library.28

Regulation of Advice

88. Within the NHS advice about genetics testing is covered by the same principles as other areas of medical
advice and consent. The professional bodies represented in the British Society of Human Genetics provide
advice and guidance on ensuring that genetic information is communicated in an appropriate manner. More
generally, DH has made it clear that patients have a fundamental legal and ethical right to determine what
happens to their own bodies. Valid consent to treatment is therefore central to all forms of healthcare, from
providing personal care to undertaking major surgery. This also requires the provision of appropriate
information and ensuring that the patient understands that information and has the capacity to take the
decision.
28 www.library.nhs.uk/genepool/
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Training and Workforce issues

89. The Chief Scientific OYcer in DH is currently leading a programme to modernise healthcare scientist
careers (Modernising Scientific Careers) to develop a scientist workforce that is trained and supported to adapt
to the changing demands of a NHS service where technologies and methodological approaches to work will
change with increasing frequency. The programme aims to reduce the time taken to become a registered
geneticist from four to three years, will expose those in training to a broader range of diagnostic modalities
and will oVer a specific outcome based higher specialist training programme.

90. Workforce planning is a matter for local NHS organisations to deal with, as they are best placed to assess
the health needs of their local health community and to commission the required number of education and
training places to meet those needs. As part of this approach, Strategic Health Authorities are expected to be
satisfied that local workforce plans are suYciently robust to deliver the planned activity. DH recognises the
importance of good workforce planning and we work closely with the SHAs to ensure these robust planning
arrangements are in place. A key support to SHAs in this is the Workforce Review Team (WRT), a national
body working on behalf of the NHS in England. WRT’s role is to review in specific detail, the supply and
demand of the healthcare workforce, and advise on the most practical and eVective use of resources. Working
in collaboration with other health and social care organisations, WRT draws its information from a wide range
of sources about the workforce needed to deliver high quality modern health and social care, and to meet
changing demands

91. Following the Health Select Committee report in March 2007, DH accepted there was a need to review
workforce planning in the NHS. That is why as part of Lord Darzi’s NHS Next Stage Review, DH is working
with all stakeholders (including the Unions and Royal Colleges) to overhaul our approach to workforce
planning, education and training in the NHS.

Conclusion

92. The Government remains committed to:

— the translation of knowledge of human genetics into clinical practice to improve the healthcare
pathways involved in the prevention, diagnosis and treatment of disease.

— developing the genetics capacity and capability within the NHS

— ensuring that there is a world-class environment for conducting and using NHS health research

93. We will assist the Committee in providing any further information that is required and look forward to
the outcome of the Committee’s deliberations.

Annex A

GOVERNMENT/INDUSTRY INITIATIVES

Technology Strategy Board

1. The Technology Strategy Board has a role to ensure UK business is successfully competing at the forefront
of technology and innovation developments globally. This includes providing a longer term perspective of
future technology and innovation needs. With a focus on technology enabled innovation, the TSB will
understand the support required by business to make a diVerence and provide a coherent view of the support
available, both from the TSB and from others, enabling easy access to the most relevant support.

2. The Technology Strategy Board considers that two priority areas for UK Healthcare innovation are –

— Data Management: harnessing the vast amounts of data generated from high throughput
technologies requires innovative and intelligent data mining and translation technologies to create
the next generation of therapies; and

— Translational Medicine: translating the basic discoveries into therapies for patients requires a
multidisciplinary approach tying together the above disciplines with clinical research and
development. Ensuring a joined up approach between the diVerent disciplines requires eVective co-
ordination of information and knowledge between the diVerent research areas.

3. To date, the Technology Strategy Board has funded several collaborative (between academia and industry)
R&D projects focussed on biomarker discovery and translation. It is also funding a further two initiatives that
are relevant, but not directly related, to genomics.
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— Stem Cells for Safer Medicines. This is a public-private collaboration between five public funders,
(DH, DIUS, MRC, BBSRC, Scottish Executive) and three multinational pharmaceutical companies
(Astra-Zeneca, GSK and HoVman La Roche) and facilitated by TSB and the Association of British
Pharmaceutical Industries. It will enable the creation of a bank of stem cells lines with open protocols
and standardised systems in stem cell technology that will enable consistent diVerentiation of stem
cells into stable homogenous populations of particular cell types, with physiologically relevant
phenotypes suitable for toxicology testing in high throughput platforms; and

— A pilot Healthcare Technology Co-operative. This will bring patients and carers, academics,
clinicians, nurses and other healthcare providers together with industry to catalyse the development
of new healthcare products that will empower people with debilitating conditions and enhance their
lives. The pilots will be used to assess the benefits and eVectiveness of this kind of partnership
working. They are a result of collaboration between the DH, DIUS, BERR, RSB, the Association
of British Healthcare Industries, the Medical Research Council, the Engineering & Physical Sciences
Research Council and the National Innovation Centre, working with patient groups and clinicians.

Other Initiatives

Pharmaceutical Industry

1. The then PM recognised the importance of the pharmaceutical industry to the UK when he announced the
Pharmaceutical Industry Competitiveness Task Force (PICTF) in 1999, and the need to have a good
relationship between the Government and industry. This relationship continues today through the Ministerial
Industry Strategy Group (MISG).

2. The PICTF process set a new direction of travel in relation to the relationship the Government had with
the pharmaceutical industry as it provided a structured, action-oriented platform for eVective dialogue. It was
recommended in the PICTF report (2001) that this close working should continue through the MISG. MISG
is a high-level group and its role is to take a strategic overview of the UK environment. In order to reflect the
structure of PICTF it is co-chaired by the relevant DH Minister and a company Chief Executive.

3. In 2005, MISG established a Long Term Leadership Strategy (LTLS) “to develop a long term strategy for
medicines designed to: secure the provision of safe and eVective medicines for patients; maintain and
strengthen the UK pharmaceutical industry within Europe; and to advance healthcare innovation in the UK.”

4. The government and industry have been working together to take this Strategy forward. The Strategy has
three main workstreams—which are looking at regulatory, European and partnership issues:

— Partnership Working Group—partnerships between the NHS and pharmaceutical industry. It
concentrates on uptake of medicines.

— European Working Group—provides a mechanism for the Government and industry to develop
proposals to assist the aims of the European Commission’s Pharmaceutical Forum to improve
European competitiveness, and will in future deal with relevant wider international issues.

— Regulatory Working Group—explores how to achieve and sustain a UK & European regulatory
environment that will support the innovative European pharmaceutical industry and meet the needs
of government, patients and prescribers.

The outcomes of the above conjoint eVorts were published early on 6 February 2007, and work continues to
implement the recommendations.

Healthcare Industries Task Force

5. The Healthcare Industries Task Force (HITF) was established in 2003 for a period of one year to explore
areas where closer working between Government and the industry would result in benefits for all stakeholders.
Led jointly by Lord Warner and Sir Chris O’Donnell, the Task Force included representation from across
Government at Ministerial and senior level, and leading executives from the industry. As the first high level
initiative between Government and this sector, it broke new ground and agreed nine key outputs, designed to
improve the business environment for the industry whilst also improving patients’ access to beneficial new
medical technologies. The main objective was how to accelerate the adoption of beneficial new medical
technologies and measures were devised to improve the NHS procurement process, the NHS environment for
R&D on medical devices, workforce training and education, better support for medical technology innovators
and the establishment of a technology adoption hub.
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6. The HITF Strategic Implementation Group (SIG) was subsequently formed to oversee the start of the
delivery of HITF outputs, and to continue to develop the dialogue between Government and the industry. A
key issue continued to be how to balance the NHS’s need to secure good value for money with investment in
innovation where the returns are likely to be realised only in the longer term. Joint working therefore continued
to develop a more systematic approach to the adoption process, including procurement, involving key
organisations on the “innovation landscape”.

Ministerial Medical Technology Strategy Group

7. In March 2006, Lord Hunt and Sir Chris O’Donnell published the SIG report outlining progress on HITF
implementation, in which both Government and industry also committed to elevate their engagement to a
strategic level. As a result, the Ministerial Medical Technology Strategy Group (MMTSG) was established in
autumn 2007 to develop this agenda. MMTSG has shifted its focus towards developing a shared vision of how
medical technology could achieve its potential for transforming health and social care services whilst also
delivering good value. A key component of discussions is concerned with speeding the adoption process and
facilitating more widespread diVusion. MMTSG is therefore contributing to the medical devices workstream
of the Health Innovation Council (HIC).

Annex B

PROGRESS ON IMPLEMENTATION OF COMMITMENTS IN GENETICS WHITE PAPER (2003)
AND SOFS’ 2001 SPEECH ON GENETICS

NHS genetics team, Department of Health February 2008

The Genetics White Paper, “Our inheritance, our future—realising the potential of genetics in the NHS”, was
published in June 2003. It set out a wide-ranging programme to help the NHS make appropriate use of genetic
knowledge and technology as it becomes available, and announced £50 million to fund this programme. These
built on earlier commitments made by the then Secretary of State Alan Milburn in his speech on genetics in
2001, which included establishment of two National Genetics Reference Laboratories (see www.ngrl.org.uk)
and the UK Genetic Testing Network (see www.geneticstestingnetwork.org.uk).

The following table sets out progress against each commitment.

Commitment Progress to date

Chapter 2: Strengthening specialised services
Laboratories:

Invest up to £18 million capital 2003–06 on Bidding process completed and funds allocated
upgrading NHS genetics laboratory facilities in during 2004–05 and 2005–06. New equipment
England, in return for innovative plans for installed including fast throughput and robotics to
modernisation developed to meet local needs. As a support quicker and higher volume testing.
result by 2006 genetic testing times will be cut and Significant progress in reducing waiting times while
results should be available to following standards: dealing with increased volumes of testing including
— within three days where the result is needed the impact of the NICE clinical guideline on

urgently (eg for prenatal diagnosis) management of familial breast cancer.
— within two weeks where the potential genetic

mutation is already known (eg because another
family member has already been tested)

— within eight weeks for unknown mutations in a
large gene.

Invest up to £1 million over three years in IT for Output based specification and consultancy report
genetics laboratories in the Genetic Testing on options made available to NHS stakeholders. £2
Network million funds allocated to NHS November 2006.

Workforce:
Fund new clinical training posts to train over 50 First tranche have completed training; second
new genetics counsellors over five years tranche in training. Decisions currently being made

about funding for final tranche.
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Commitment Progress to date

Fund up to 90 new Grade A trainees in laboratory Funding has been provided for four year trainee
genetics and the equivalent of ten full-time trainer posts. Phased intake to match capacity of service to
posts support training and take-on new staV. First intake

now coming to end and fourth just starting, taking
total trainee numbers up to 73. Trainer posts have
been extended by 3 years to take them through to
late 2010. We are now exploring with the Chief
Scientific OYcer how we can support development
work to take forward modernising health care
scientist careers in the genetics disciplines.

Chapter 3: Building genetics into mainstream services
Pilot projects:

Co-fund with Macmillan Cancer Relief pilots in up 7 pilots, 3 of which have a primary care focus, have
to six cancer network areas of model of delivering completed their final reports. Their experiences will
services for people at risk of, or concerned about, be used as a basis for commissioning guidance to be
familial cancer issued as part of the implementation of the Cancer

Reform Strategy 2007. Details of the lessons and
experiences of these pilots are reported in a special
edition of “Familial Cancer” Delivering Cancer
Genetics Services—New Ways of Working 2007
vol.6(2)

Pilot a systematic programme to identify and treat This project has been managed by London IDEAS
people with familial hypercholesterolaemia (FH) Genetics Knowledge Park. 11 lipid clinics in 5 sites

were included to cover a range of catchment
populations and organisational arrangements. The
scheme piloted cascade testing for FH (tracing and
testing of family members of known cases). A
report of the results of the pilots and
recommendations to the DH were published in July
2007 (available at www.fhcascade.org.uk/)
Lessons from this work will help inform
implementation of the planned NICE clinical
guideline on the identification and management of
familial hypercholesterolaemia.

Provide up to £2 million of start-up funding over 10 pilots have been completed, most of which set up
three years for other initiatives to bring benefits of innovative services to incorporate genetics advice
genetics into mainstream clinical areas; ditto and testing into mainstream medicine and to
specifically for primary care genetics initiatives promote patient pathways integrating genetic

advice with diagnosis treatment for patients
suVering from familial disease. 3 of the services are
continuing with funding provided by local
commissioners pending further assessment of their
eVectiveness.

Provide start-up funding to allow up to ten GPs Framework document agreed with Royal Colleges;
with a special interest in genetics to be established appointments made to 10 GP posts.
over the next three years
Evaluation of above pilot initiatives Team at Nottingham University are undertaking an

external evaluation (to complement internal
evaluation by each pilot). They have published
papers based on their interim findings. The final
report covering generic organisational issues and
challenges is expected Autumn 2008.
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Commitment Progress to date

Screening:

Two programmes, expected to be fully implemented As part of the Fetal Anomaly Screening
in England by 2004/5, will ensure that: Programme, Down’s syndrome screening is oVered

in almost all maternity units to women of all ages.— all pregnant women are oVered antenatal
screening for Down’s syndrome and are then The roll out of newborn screening is now complete
counselled by midwives to help them make an and oVered to all babies and 99 per cent of newborn
informed choice babies are screened.

— all babies are tested for hearing defects using
the otoacoustic emissions test and/or auditory
brain stem response

In England by the end of 2004: Newborn screening for sickle cell is now fully
— A newborn screening programme will be in implemented and cover the whole of England and is

place oVering screening for sickle cell disease already identifying approximately 300 babies a year
— An antenatal screening programme for sickle who would be at risk of death unless treated

cell and thalassaemia will be in place aiming to promptly.
oVer screening to around 200,000 pregnant Antenatal screening for sickle cell and thalassaemia
women a year, initially targeting areas of high is expected to be rolled out in all trusts by Spring
prevalence for these diseases. 2008.

Ask Human Genetics Commission to work with The report of the Joint Working Group of the
National Screening Committee to consider case for Human Genetics Commission and the National
screening babies at birth Screening Committee, Profiling the newborn: a

prospective gene technology? was published in
March 2005. See www.hgc.gov.uk It concluded that
genetic profiling of newborns was unlikely to be a
practical or acceptable practice for the foreseeable
future.

Chapter 4: Spreading knowledge across the NHS

Set up an National Genetics Education and The Centre (based at Birmingham Women’s
Development Centre (NGEDC) Hospital) started work in September 2004. See

http://www.geneticseducation.nhs.uk
Set up Genetics Visiting Fellowships Fund Four outgoing and two incoming fellowships have

now completed their period of study and enable
healthcare professionals in the NHS to learn from
practice and experience in genetics around the
world.

Develop genetics portal on the National electronic Contract for dedicated team started July 2003;
Library for Health . . . fund production of specially system live; renewal contract awarded in October
written material 2007 to the National Genetics Education and

Development Centre (NGEDC). Access the
Genetics Conditions specialist library of the
National Library for Health at www.library.nhs.uk/
genepool/

Ensure NHS Direct keeps abreast of developments There has not been a need for any specific work
in genetics here to date.
Support evidence based care. The National Horizon Ongoing.
Scanning Centre will be including genetics in its Several genetics-related HTAs and evaluations by
regular programme of work. The National Genetics the NGRLs have been published. See the NGRLs’
Reference Laboratories will undertake health websites:
technology assessments. Some developments in NGRL(Manchester)
genetics may also be included in the National www.ngrl.org.uk/Manchester/Technologypubs.htm
Health Technology Assessment programme. DH NGRL(Wessex)
will feed new developments in genetics, including www.ngrl.org.uk/Wessex/technologies.htm
pharmacogenetics, into prioritisation process for Since the White Paper’s publication, NICE have
NICE’s work programme as evidence base develops published a guideline on familial breast cancer and

have guidelines on other clinical areas of direct
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Commitment Progress to date

relevance to genetics in their work programme eg
clinical guideline on the identification and
management of familial hypercholesterolaemia.

Ensure that genetics is included in developments in Ongoing; work on clinical terms, data sets and
NHS informatics such as the Integrated Care messaging standards underway.
Records Service, minimum data sets, and clinical
terms wherever this would be feasible and
appropriate
Invest in training for commissioners Successful events run in the South West and in

London.

Chapter 5: Generating new knowledge and applications

More details about the scope of research under the genetics White Paper and the individual projects that have
been funded can be found on the DH Genetics Research Programme website http://www.genres.org.uk/
index.htm

Gene therapy:
Invest up to £3 million to support gene therapy 3 projects selected and underway. Of these, 2
research on single gene disorders clinical trials are open to recruitment.
Fund research into the long-term safety of the use 4 projects selected and underway 3 of which are
of gene therapy vectors which are designed to insert completed.
into human genetic material
Provide £2.5 million over 5 years to support gene 2 projects completed, a third project is underway
therapy research for cystic fibrosis with a clinical trial expected to open in 2008.
Invest up to £4 million to provide access to high Information-gathering exercise and expert
standard facilities for gene therapy vector workshop completed; three cancer trials supported
production NHS and other public sector researchers by end of 2007, another 2 trials chosen for support

(expected to begin in 2008); and further support is
expected in 2008.

Pharmacogenetics:
Invest up to £4 million to fund pharmacogenetic 6 projects selected and underway.
research on existing medicines
Provide funding to set up first university Chair in Funding awarded to University of Liverpool for 5
pharmacogenetics, supported by a small years commencing September 2007. Professor
department of two to three full-time researchers Munir Pirmohamed appointed first NHS Chair in

Pharmacogenetics.

Health services research:
Invest up to £1.5 million to fund a range of research Following a priority-setting process involving
projects in area of genetics based health services stakeholders, 7 projects funded & underway.
When technology becomes available, provide up to Awaiting further progress with technology and
£500,000 to support piloting of near patient genetic clinical applications.
testing in NHS
Publish an independent study into impact and Report published July 2003, see http://
management of intellectual property rights within www.phgu.org.uk/pages/work/IP.htm
healthcare sector
Continue to monitor the conduct of genetic Ongoing
research in UK and take action to introduce checks
and balances where necessary

Chapter 6: Ensuring public confidence

. . . negotiated a moratorium with the insurance Published (in March 2005) Concordat and
industry that will last until 2006 . . . committed to Moratorium on Genetics and Insurance, which
working with patient groups and with the industry extends the current moratorium until November
to ensure a longer-term solution. 2011. Insurance industry have agreed not to submit

any applications until 2008.
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Commitment Progress to date

Continue to promote public understanding of Progress Educational Trust work programme now
genetics, including through additional financial completed.
support to Progress Educational Trust
Provide around £1,000,000 to support a programme DH contribution to the £1m was made available
of events and initiatives in 2003 to celebrate 50th during 2003 to support a successful series of events
anniversary of discovery of structure of DNA. and publications to celebrate the anniversary.
Ensure that regulatory framework anticipates and Ongoing
continues to address public concerns
Introduce legislation making it an oVence to test Under the Human Tissue Act 2005, it will be an
person’s DNA without their knowledge or consent oVence to have DNA for the purposes of analysing
except as part of medical treatment where consent is DNA without consent. The Act will come into force
impossible to obtain, or use by police or courts fully in September 2006.
Consider evidence for unfair discrimination against Lord Sainsbury asked HGC to consider this issue
people on basis of their genetic characteristics and with specific regard to employment aspects in 2005.
appropriate means of addressing any concerns in These issues, along with others, are being
this area considered in the context of the Government’s

broader review of discrimination legislation.
Both HGC & GAIC continue to monitor genetic
discrimination with regard to insurance. More
information on the HGC’s work on discrimination
can be found at http://www.hgc.gov.uk/Client/
Content.asp?ContentId%254

Annex C

BODIES CONTRIBUTING TO THE ADVISORY FRAMEWORK FOR POLICY DEVELOPMENT

A number of these professional bodies or advisory committees will provide independent evidence to the Select
Committee. In addition to those groups referred to below a number of professional and independent bodies,
such as the Royal College of Physician’s Committee on Ethics in Medicine, the British Medical Association’s
Ethics Committee, the NuYeld Council on Bioethics and the Public Health Genetics Foundation also make
valuable contributions to informing the debate on the ethical, legal and social implications of genomic
medicine.

Advisory Group on Genetics Research (AGGR) established by DH to provide expert advice on aspects of
genetics research funded through the genetics White Paper. The responsibilities of the AGGR included;
providing a strategic oversight of the programmes of genetics research funded by the DH and advising the DH
Portfolio Director of Genetics Research on areas where additional research may be required to address the
needs of the NHS and wider DH. These projects are now coming to an end and the group was wound up in
2007.

British Society for Human Genetics represents UK human genetics professionals. Its constituent organisations
are: Clinical Genetics Society (CGS), Association for Clinical Cytogenetics (ACC), Clinical Molecular
Genetics Society (CMGS), Association of Genetic Nurses and Counsellors (AGNC) and Cancer Genetics
Group (CGG) (www.bshg.org.uk).

Chief Scientific Advisers Committee (CSAC) the principal committee at oYcial level dealing with issues
relating to science, engineering and technology (SE&T). CSAC considers issues of relevance to Her Majesty’s
Government and the devolved administrations concerning SE&T.

Council on Science and Technology (CST) is the UK Government’s top-level advisory body on strategic
science and technology policy issues. CST’s remit is to provide independent advice to the Prime Minister, the
First Ministers of Scotland, Wales and Northern Ireland on strategic issues that cut across the responsibilities
of individual government departments.

Genetics Commissioning Advisory Group (GenCAG) set up to take a strategic national overview of genetics in
healthcare delivery. It aims to provide advice to commissioners of genetics services to enable them to provide
appropriate services for NHS patients and their families. Members are drawn from relevant professional
bodies and groups and Royal Colleges, an umbrella patient support group (the Genetic Interest Group—GIG)
and from the specialised commissioning groups which commission these services in the NHS (www.dh.gov.uk/
Genetics/).
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Gene Therapy Advisory Committee (GTAC) is the UK national research ethics committee for gene therapy
research under the Clinical Trials Regulations and a ministerial advisory body for gene therapy research and
its implications. The UK is the only European country that has a dedicated body to give advice on and provide
ethical oversight of gene therapy clinical research (www.advisorybodies.doh.gov.uk/genetics/gtac/index.htm).

GTAC’s work has helped foster UK gene therapy, making the UK lead gene therapy research in Europe with
over 40 per cent of trials, second only to the US worldwide.29 With support from the Genetics White Paper,
two novel gene therapy trials, the first of their kind in the UK, are now underway. Patients with two
debilitating single gene disorders, Duchenne Muscular Dystrophy and a form of childhood blindness are being
recruited as well as a new trial for Cystic Fibrosis, the most common single gene disorder in the UK.

Genetics and Insurance Committee (GAIC) considers applications by the insurance industry for the use of
predictive genetic test results in setting insurance premiums, and provides advice to Health, Science and
Treasury Ministers. GAIC also has a number of supervisory functions of the insurance industry under the 2005
Concordat and Moratorium on Genetics and Insurance30 (www.advisorybodies.doh.gov.uk/genetics/gaic/
index.htm)

Human Fertilisation and Embryology Authority (HFEA) All clinics and research centres in the UK, whether
private or NHS based, wishing to undertake treatments, services or embryo research covered by the HFE Act
must hold a licence from the HFEA. The range of fertility treatments and services regulated by the HFEA was
extended on 5 July 2007, when the Human Fertilisation & Embryology (Quality & Safety) Regulations 2007
amended the 1990 Act to bring the EU Tissues and Cells Directive into force in respect of reproductive cells.
From that date, establishments carrying out the donation, procurement, testing, processing, preservation and
distribution of reproductive cells also require a licence from the HFEA (www.hfea.gov.uk).

Human Genetics Commission (HGC) UK Government’s advisory body on new developments in human
genetics and how they impact on individual lives. It advises the Government on human genetics with a
particular focus on the social, ethical and legal issues associated with new scientific developments and genetics-
related innovations in medicine and other fields such as forensics, insurance and employment. It has a broad
membership including bioethicists, lawyers and social scientists. The HGC reports to Health and Science
Ministers and Ministers in Scotland, Wales and Northern Ireland. Its terms of reference include a role in
advising on strategic priorities for research and the delivery of genetics services by the NHS (www.hgc.gov.uk ).

National Genetics Reference Laboratories (NGRLs) were first established in 2002 to support the network of
NHS genetics laboratories. Their key roles are to:

— Promote and help take forward the development of genetic laboratory science and practice in the
NHS.

— Act as a dedicated resource to support the NHS molecular and cytogenetic communities in their
development of better patient services.

They have a particular role in evaluating new technologies and developing new techniques and in leading work
to develop informatics and appropriate quality assurance (QA) systems. They are sited in Manchester and
Wessex (Salisbury). Following a successful review of their functions their contracts have been renewed for a
further five years taking them through to 2012 (www.ngrl.org.uk).

NGRL Steering Group has been established to oversee the work of the NGRLs during the new contractual
period. It is chaired by Professor Martin Bobrow and draws its membership from a wide range of professional
bodies and organisations across many laboratory disciplines. As well as advising DH on the work programme
and priorities of the NGRLs it advises DH more broadly on developing technologies that will impact on NHS
laboratory services in the future. Its key role is:

— To take a strategic view of developments and innovations which may be relevant to NHS genetic
laboratory service

— To advise the DH on the implications of such developments for the strategic direction of the National
Genetics Reference Laboratories (NGRLs) and of the NHS genetic laboratory service more
generally.

Joint Committee on Medical Genetics (JCMG) made up of the Royal Colleges of Physicians, Pathologists, of
Obstetricians and Gynaecologists and of General Practitioners and the BSHG. Its remit includes “discussing
and co-ordinating advice to Government and other bodies on policy and services issues relating to genetics in
medicine.” DH has observer status and oYcials regularly attend JCMG’s meetings
(www.bshg.org.uk/joint committee/joint committe.htm).
29 Edelstein et al, (2007) J Gene Med, Oct;9(10):833-42)
30 http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH 4105905
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UK Genetic Testing Network (UKGTN) collaborative group of laboratories and their clinicians,
commissioners and patient representatives involved in the assessment of provision of genetic tests for inherited
disorders. It advises policy development and the NHS through the UK GTN Steering Group and a number
of working groups (www.ukgtn.nhs.uk).

Annex D

HORIZON SCANNING

1. EVective horizon scanning allows the Government departments to ensure that the scientific cutting edge in
any given area can lead to improved interventions for health and social care. It also helps to ensure the
Government departments are thinking about the future when developing policy and is commissioning the
right science to meet the future needs of the population.

DH Horizon Scanning

DH Horizon Scanning Unit

2. The Department’s specialist Horizon Scanning Unit was launched in July 2007, in response to a decision by
the Policy Committee to increase the emphasis in policy development on future-proofing policies and ensuring
robustness. The HSU’s main aim is to improve horizon scanning capability within the Department and to use
this to improve the work of the Department. As such, the idea that horizon scanning should always be relevant
to the work of the Department and useful for policy-making is integral to the work of the Horizon Scanning
Unit. Indeed, one of the Unit’s objectives states explicitly that it should,

“Ensure horizon scanning and futures work is useful to the Department and improves its work,
including its resilience to risk and its ability to take advantage of untapped opportunities for
innovation.”

3. As part of the development of the Horizon Scanning Unit independent horizon scanning functions, such
as those described in this section, were brought together into a Horizon Scanning Network. This network
involves collaboration of oYcials and experts from across the Department, and liaises with horizon scanning
bodies in other Government Departments, such as Foresight. In addition, the Horizon Scanning Unit has set
up a site on the Department’s intranet (Delphi) as a corporate resource for sharing scanning information,
contacts and methodology.

4. The Horizon Scanning Unit works with policy teams in three broad ways:

1 2 3

How does the The HSU coordinates The HSU works with the Horizon Scanning teams
Unit work with work, receiving input from teams embedded within embedded within
other teams? teams within Directorates Directorates on specific, Directorates work with

and external futures commissioned topics support from the HSU
networks

On what 1. Scanning the horizon Scoping futures 1. Testing policies for
processes? for early signals resilience to risk

2. Tracking trends and 2. Exploring untapped
driving forces opportunities for

innovation

To produce what Chart-books of key Scenarios and vignettes of Reports and presentations
products? trends; horizon scanning possible, plausible and to Top Of The OYce

section on Delphi (DH preferred futures (TOTO) and the Senior
intranet) Leadership Team (SLT) of

key findings

5. The development of the Unit helps demonstrate the importance the Department attaches to horizon
scanning and the pervasive role we believe it should play in our work. We are committed to eVective horizon
scanning as a vital strand of good policy-making. The Horizon Scanning Unit has produced an initial work
programme and has already produced its first report.
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Horizon scanning in subject areas

6. Even before the establishment of the Horizon Scanning Unit, horizon scanning was closely tied to the
development of strategy and policy. The Strategy Unit’s report into Long-Term Conditions was a vital piece
of horizon scanning to help the Department understand the problems it would face over the upcoming years
and decades. The report identified patterns of growth in the number of patients with long-term conditions and
projected the future of this growth, further identifying factors that could aVect this projection, such as a rise
in obesity and diabetes and an ageing population. This kind of fundamental horizon scanning is important
and valuable not only for the report for which it was conducted but also because it can provide evidence about
the future state of the population, on which other policy teams can build.31

7. Horizon scanning of this broader nature can provide a context in which topic-specific horizon scanning can
be better understood. The Department undertakes this kind of specialised horizon scanning in a number of
ways—whether through sponsorship or direct action—but always with the horizon scanning being conducted
by those with the most appropriate expertise. For example, the National Horizon Scanning Centre (NHSC)
at the University of Birmingham scans the horizon for new and emerging health technologies. The NHSC’s
findings are fed into the early part of the topic selection process for NICE’s consideration panels to assess.
Potential topics for NICE’s work programme are then recommended to the DH and Ministers to consider
formal referral to NICE to develop guidance.

8. The National Horizon Scanning Centre Research Programme is part of the National Institute for Health
Research (NIHR) and is funded by the Department. The Centre investigates new and emerging health
technologies that may require urgent evaluation and provides advance notice to the Department. The Centre
also has an international network of other horizon scanning organisations with which it works. It is a member
of both the International Information Network for New and Changing Health Technologies (Euroscan) and
the International Network of Agencies for Health Technology Assessment.

9. It is vitally important to the Department that horizon scanning within this field is translated into applied
research that can have a tangible benefit for the NHS. The New and Emerging Applications of Technology
Programme (NEAT)—part of NIHR—supports strategic and applied research into the use of new or emerging
technologies, the outputs of which must be generalisable and capable of being applied to a defined health or
social care need.32

10. Horizon scanning for advances in scientific technology has also helped to place the UK at the forefront
of the fast-developing arenas of stem-cell and genetic science. To respond to the rapidly changing environment,
the Department needs to:

— ensure an eVective strategic advisory and regulatory structure that identifies and maximises benefits
from potential advances in human genetics;

— address broad ethical, legal and social implications arising from advances; and

— manage the process of change as practical applications of advances are introduced, especially in
the NHS.

11. To achieve this, the Government needs advice from a variety of sources. These sources will approach
horizon scanning from their own, particular area of expertise but, partly through the Horizon Scanning Unit,
these diVerent elements will complement each other to provide a fuller picture.

12. Through the establishment of the Human Genetics Commission (HGC) the Department has ensured that
Ministers and oYcials receive expert advice on current and potential developments in human genetics, their
likely impact on human health and healthcare and their social, ethical, legal and economic implications. The
HGC also advise on strategic priorities for research and in the delivery of genetic services by the NHS. The
HGC is committed to debating these issues in an open and transparent way and holds open meetings and
publishes its advice. The HGC’s working groups examine issues at the very forefront of genetic science—issues
such as reproductive decision-making, on which they published their report Making Babies.33

13. The Department has been involved in horizon scanning in this area for some time. In 2000, the
Department published a report entitled Stem cell research: Medical progress with responsibility. This report
was produced by an Expert Group established by DH and chaired by the Chief Medical OYcer. The Group
31 Accelerating Progress in Long-Term Condition Management (September 2007) Department of Health internal document
32 Further information on NEAT is available at www.nihr-ccf.org.uk/site/programmes/neat/
33 Making Babies: reproductive decisions and genetic technologies (January 2006) Human Genetics Commission www.hgc.gov.uk/

UploadDocs/DocPub/Document/Making%20Babies%20Report%20-%20final%20pdf.pdf
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was asked to undertake an assessment of the anticipated benefits of new areas of research using human
embryos, the risks and the alternatives and, in the light of that assessment, to advise whether these new areas
of research should be permitted.

14. In addition, the Group analysed the Human Fertilisation and Embryology Act (1990) and found that it
still provided “the necessary safeguards against the inappropriate use of embryos in research.” The report also
found that,

“the manner of regulating any proposed research within the UK is suYciently finely tuned to be able
to take account of particular ethical concerns. Indeed, the UK enjoys a leading international position
in the resolution of these diYcult questions.”34

15. More recently, the establishment of the UK Stem Cell Initiative (UKSCI) was announced in March 2005.
The initiative, which reported jointly to DH, DIUS and HMT, was charged with (amongst other things)
developing a ten-year vision for UK stem cell research, to make the UK the most scientifically and
commercially productive location for this activity over the coming decade. UKSCI published its report in
2005—the Pattison report. The report “acknowledged the appropriateness of the UK system of regulatory
oversight of embryo research and the investment that has been made to date across research funding,
infrastructure, people and support for private investment.”35 The Government accepted the report’s
recommendations and as a result an additional investment of £50 million was provided over the period of
2006–07 and 2007–08 by the public sector.

16. The 1990 Act is currently being revised, in part to take account of new scientific and clinical developments.
The Department relies heavily on horizon-scanning functions embedded within the Human Fertilisation and
Embryology Authority, as well as on advice from expert groups of the Medical Research Council and the
Academy of Medical Sciences. Examples include detailed analyses of technologies for sex selection by sorting
of human gametes and the creation of human-animal hybrids.

17. As part of the response to the Pattison report, the Government asked the Gene Therapy Advisory
Committee (GTAC) in 2006 to conduct the ethics review of certain stem cell trials. This oversight role was to
build on GTAC’s specific expertise as the UK national ethics committee for gene therapy research, and adds
to GTAC’s existing roles as a Ministerial advisory body, and an outward-facing advisory body. The Committee
also provides a horizon scanning function, which feeds into a wider forum than advice to the Department.
GTAC’s New and Emerging Technologies (NET) subgroup has a horizon-scanning function specific to
technological developments in the area of gene therapy and related technologies.

18. An example of how GTAC’s horizon scanning activities have led to practical guidance that has been
accepted internationally was GTAC’s report on the potential use of gene therapy in utero. GTAC’s NET
subgroup considered in utero gene therapy, its possible consequences and implications. Following the NET
subgroup’s report, GTAC concluded publicly “that the use of a direct, or vector, mediated gene therapy in
utero are unlikely to be acceptable for the foreseeable future, in view of the safety and ethical diYculties.”36

This advice still holds true and no in utero procedures have been performed in the UK or elsewhere in the
world.

19. More recently, GTAC’s horizon scanning activities have brought to light “the development of liver
tumours in a pre-clinical study using lentiviral vectors.” In response to this, GTAC issued an open letter on
its views, published on its website.37

20. Another area in which the Department benefits from scientific expertise specifically focused on horizon
scanning is infectious diseases. The National Expert Panel on New and Emerging Infections (NEPNEI) was
set up by the Department in 2003, having been proposed in the Chief Medical OYcer’s (CMO) Infectious
Disease Strategy, Getting Ahead of the Curve.38 NEPNEI’s principal role is to identify emerging and potential
infectious threats to public health both nationally and internationally and provide advice to CMO. The
secretariat is provided by the Department and the Health Protection Agency (HPA). The Panel’s Terms of
Reference are to identify key areas for action and to advise on priorities by:

— Identifying emerging and potential infectious threats to public health both nationally and
internationally;

34 Stem Cell Research: Medical progress with responsibility (June 2000) Dept of Health http://www.hgc.gov.uk/UploadDocs/DocPub/
Document/Making%20Babies%20Report%20-%20final%20pdf.pdf

35 Government response to the UK Stem Cell Initiative report and recommendations (2006) http://www.dh.gov.uk/en/
Policyandguidance/Healthandsocialcaretopics/Stemcell/Stemcellgeneralinformation/DH 4124082

36 Report on the potential use of gene therapy in utero, November 1998, GTAC http://www.advisorybodies.doh.gov.uk/genetics/gtac/
inutero.htm

37 Open letter entitled “The UK Gene Therapy Advisory Committee (GTAC) has concerns regarding the safety of some lentiviral gene
therapy vectors”, 5 November 2004 http://www.advisorybodies.doh.gov.uk/genetics/gtac/lentiviruses-1104.pdf

38 Getting Ahead of the Curve: A strategy for infectious diseases (2003) Dept of Health http://www.dh.gov.uk/en/Consultations/
Closedconsultations/DH 4016942
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— Placing emerging infections in the wider clinical and public health contexts;

— Advising on prevention and control measures;

— Prioritising areas for surveillance and for information needs;

— Advising on research, including technological development needs.

21. Examples of areas where NEPNEI has been involved include the development of the UK strategy for
dealing with pandemic influenza; the establishment of a clear mechanism for commissioning and funding of
research to ensure that research is not delayed in the event of an outbreak of a new emerging infection; and
the prioritisation of actions required to tackle the growing problem of antimicrobial resistance.

22. Whilst the paragraphs above provide only a snapshot of the horizon scanning work undertaken by the
Department—and a snapshot from only a few, specific areas—they demonstrate the Department’s
understanding that embedded horizon scanning, when underpinned by a coherent network such as that
provided by the HSU, results in relevant, cutting-edge horizon scanning that can be used to develop policy.
However, we are not complacent. Having established the Horizon Scanning Unit, we are now looking at some
practical proposals to improve capability and engagement across the Department, and these ideas were
considered at the most recent Policy Committee meeting.

DIUS Horizon Scanning

23. One of the societal or economic Grand Challenges that the Research Councils announced in December
2007 will address lifelong health and well-being, in response to the Treasury’s Grand Challenge on the eVects
of an ageing population on economic competitiveness. The Research Councils’ Grand Challenges will be
developed in conjunction with researchers, users and the public and will include basic research through to
application plus studies on risk governance, economics, and social implications.

24. The Horizon Scanning Centre39 in the Government OYce for Science has been running a Wider
Implications of Science and Technology40 (WIST) programme of stakeholder engagement to identify the
safety, health, environmental, ethical, regulatory and social implications of new and emerging areas of science
and technology. This has been closely integrated with a Department of Innovation, Universities and Skills
funded Sciencewise41 programme (sciencehorizons42) of public engagement on emerging technologies. Both
the stakeholder and public engagement programmes covered all areas of emerging science and technology so
the findings are correspondingly wide-ranging. They include the expectation that anticipated developments in
the next 15—20 years will enable a patient to know or have the opportunity to be appraised of important
health-related features of his or her genome. Potential implications highlighted by the programme are—

— changed demands on health professionals and resources, and personalised, sophisticated treatments
for individuals, possibly leading to data protection and ethical issues;

— the availability of better, earlier, personalised health information outside traditional healthcare
settings (eg in supermarkets, virtual worlds and other settings, both state and commercial) oVering
the opportunity for people to take steps to prevent ill-health;

— how to balance a child’s right not to know about his or her likely future health trajectory against the
potential for early intervention to divert or prevent the onset of disease; and

— an expanding cohort of people that are unable to obtain health insurance and thus a need for
regulation to restrict the information to which companies are allowed access.

25. The Foresight Programme within the Government OYce for Science uses robust evidence and rigorous
futures methodologies to identify and understand the risks and opportunities that arise from uncertainty in
order to improve strategy across Government. Foresight’s major projects address selected topics where
developments in science and technology either pose a challenge or oVer opportunities to the UK. The Horizon
Scanning Centre uses a more eclectic range of evidence to address the entire spectrum of public policy futures—
not just science and technology—in smaller projects, and also works to raise futures capability across
Government.
39 http://www.foresight.gov.uk/HORIZON SCANNING CENTRE/index.html
40 http://www.foresight.gov.uk/HORIZON SCANNING CENTRE/WIST/Index.html
41 http://www.sciencewise.org.uk/
42 http://www.sciencewise.org.uk/html/projects.php?source%projectdetail&project ID%9
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Annex E

MHRA AND THE IN VITRO MEDICAL DEVICES (IVD) DIRECTIVE

1. As far as the Medicines and Healthcare products Regulatory Agency (MHRA) is aware there is currently
no genetic test placed on the market as a medicine. In the event that a manufacturer applied for a medicines
marketing authorisation then they would need to meet the licensing requirements under the Medicines Act.
In this context, there is therefore no regulatory gap for these types of products.

2. Firstly it should be noted that the Medical Devices Regulations only cover genetic test kits which are placed
on the market with a medical purpose which is determined by the definition of an IVD in the Directive. The
Regulations cover kits placed on the market to test blood and tissue donations for the purpose of providing
information on pre disposition to certain conditions or diagnosis of certain medical conditions. The
Regulations do not regulate those tests which are for a non medical purpose such as those for paternity testing
or for making general lifestyle choices such as determining dietary or fitness regimes. In addition the
Regulations have no competence in the sense of influencing or otherwise the development of new or emerging
technologies as far as genetic test kits are concerned

3. As far as the Agency is concerned genetic tests which use genome variation data and proteomic marker
based tests/assays are covered by the requirements of the Regulations provided that they are testing for a
medical condition.

4. The underlying principle of the IVD Directive is to remove technical barriers to trade by providing
manufacturers with a single set of regulatory requirements that, once met, would provide free and unhindered
access to the EU market. At the same time the Directive aims at providing users and patients of IVD’s with
a high level of confidence that, when used in accordance with the manufacturer’s instructions, they are safe or
an acceptable quality and performs as specified by the manufacturer. In outline the Directive is intended to
ensure that IVD’s do not compromise the health and safety of patients, users, and third parties and attain the
performance levels attributed to them by their manufacturer.

5. In general terms a manufacturer wishing to place his IVD on the EU market must assign his device to one
of the relevant risk categories defined in the Directive, ensure that the device meets the relevant essential safety
requirements specified in the Directive and follow the appropriate conformity assessment procedure. The In
vitro Diagnostic Medical Devices Directive has four risk classifications associated with risk associated with
relative dangers to public health and/or patient treatment by the kit not performing as intended. The highest
risk includes test kits for HIV, HTLV and Hepatitis and some blood grouping products including those to test
donated blood. The second group covers test kits for rubella, toxoplasmosis and phenylketonuria as well as
self test kits for blood glucose. The third Group cover self test kits whilst the final group covers all other general
test kits. Notified Body intervention (which is a third party independent certification organisation) is required
for all the higher risk tests and the self test element of the kits used by the public in the home environment. The
Notified Body will issue an EC Certificate of Conformity on the basis of an appropriate conformity assessment
procedure in the Directive. In the main genetic test kits will fall within the third general risk category together
with tests such as cholesterol and pregnancy.

6. The Agency is not aware of any genetic kits being made available over the counter for use by the general
public in the home environment. However if any became available they would have to be designed and
manufactured in such a way that they perform appropriately for their intended purpose taking into account
the skills and means available to users and the influence resulting from variation that can reasonably be
anticipated in users technique and environment. The information and instructions provided by the
manufacturer should also be easily understood and applied by the user tacking into account their level of
knowledge. Furthermore for self test IVDs the manufacturer is required to obtain certification from an
independent conformity assessment organisation known as a notified body that would assess the design of the
device in terms of its suitability for non-professional users

7. The majority of genetic tests used are assays put together in the hospital laboratory and used in that
healthcare establishment’s premises on their own patients. This is considered to be in-house manufacturing
and because there is no placing on the market is not covered by the provisions of the Directive. If an in-house
laboratory tests samples received from another healthcare establishment using their own assays again this is
not regarded as placing on the market. That said such establishments are encouraged to manufacturer their
assays in accordance with the requirements in the Directive. What needs to be clear is that the Directive
regulates the test kit not the service provider.

8. In addition there are a number of commercial genetic testing service providers who provide a range of
services on the basis of a supplied sample providing data for linkeage analysis, carrier screening, prenatal
diagnostic testing, newborn screening, forensic testing, confirmational diagnostic testing ie for leukaemia, etc.
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Whether these tests or assays are regulated under the terms of the IVD Directive is determined by whether the
reason for generating the data comes within the definition of an IVD as indicated above. The underlying
principle of the IVD Directive is to remove technical barriers to trade by providing manufacturers with a single
set of regulatory requirements that, once met, would provide free and unhindered access to the EU market.
At the same time the Directive aims at providing users and patients of IVD’s with a high level of confidence
that, when used in accordance with the manufacturer’s instructions, they are safe or an acceptable quality and
performs as specified by the manufacturer. In outline the Directive is intended to ensure that IVD’s do not
compromise the health and safety of patients, users, and third parties and attain the performance levels
attributed to them by their manufacturer.

April 2008

Examination of Witnesses

Witnesses: Rt Hon Dawn Primarolo, a Member of the House of Commons, Professor Dame Sally Davies,
Director-General, Research and Development and Chief Scientific Adviser, Department of Health, Dr Mark

Bale, Deputy Director of Scientific Development and Bioethics, Department of Health, and Rt Hon Lord

Drayson, Science Minister, Department for Innovation, Universities and Skills, examined.

Q855 Chairman: Good morning, Ministers, ladies
and gentlemen. Thank you, the four of you, for
coming today to give us evidence. We regard this as
very important because, as you probably know, we
have had lots of written and oral evidence on the
subject and there are lots of issues we need
clarification about from both of you and from Dame
Sally and Dr Bale. Can I welcome also members of
the public. If anybody requires information about the
declared interests of members of the Committee
please do look at the papers at the back of the room.
I know there are lots of questions, Ministers, and we
hope we will be able to cover them all because we
think they are very important. We will try and be brief
and succinct on our part and I am sure you will be
too. Before I start, last time we saw you, Professor
Dame Sally Davies, you were just plain Professor.
Congratulations on your award. “Dame” suits you.
Lots of evidence that we have now been submitted
suggests that in future genetic testing will be quite
important to assist physicians in disease diagnosis,
stratification of disease, patient health screening and
drug prescribing for a lot of not only single gene
disorders but also a lot of common diseases. What
impact does the Department of Health see these
advances having on the NHS in the delivery of
healthcare over the next five to ten years? If you agree
that it does have an impact, what is the Department
doing to prepare the NHS for these advances in the
short and long term, and what structural changes do
you think the NHS will have to implement, not only
in its resources but also its staYng, education and
laboratory services, et cetera? I should have said that
if you want to make an opening statement, any of
you, please feel free to do so before you answer the
question. I am going to address all the questions to
you, Minister, and you can distribute them as you
like.
Dawn Primarolo: I will indeed. Thank you very much,
my Lord Chairman. I think that since we have gone
straight to the questions and there is a great deal for

us to cover perhaps we should start straightaway and
I hope Lord Drayson and I will be able to do as much
as possible to assist the Committee in the discussions
this morning. Your opening question frames the
whole debate around the future, and the role that I
see specifically as Minister is to make sure that we
have the framework and the necessary levers to
deliver the strategic objective, which is how quickly
we can ensure that the scientific developments that
undoubtedly we will see can be delivered into real
patient benefits; that is a very large subject on which
we will be pulling together all the important debates
this morning. I should start by saying that I rely very
heavily on the expert advice that is provided to me,
and on that basis I am advised that, in terms of when
we will expect to see those developments at the point
where we can see real patient benefit for a lot of
patients—and therefore we need to have the
education, the laboratories, the ethical framework,
the partnerships with industry working to their very
best—is at least ten years. By that I mean significant
diVerences to the way we treat most patients, because
what is clear over time, as you have rightly identified,
is that it is all incredibly important, whether it be
diagnostically eVective healthcare, risk prediction or
eVective treatments, so perhaps I can touch briefly on
the workforce and laboratory points and we will want
to return to them later. In terms of making sure the
workforce in the NHS is aware and able to deal with
these developments, that is set out in the High Quality
Workforce paper which sets out our commitments in
terms of planning, education and training, so the four
key areas, although not exclusively, is first the
modernising of careers. That is set out in The Future
of the Healthcare Science Workforce and what we are
taking forward here, and I do not have the exact
dates, is a consultation in terms of propositions of
what else needs to be done. Second is the developing
of pilots in genetic laboratory training, in
conjunction with strategic health authorities and the
professions, and here we anticipate trainees being
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appointed to training programmes that will start in
the autumn of 2009. Thirdly, we have the Workforce
Planning System, which is reviewing the
commissioning of education between the strategic
health authorities and educational providers to make
sure they are better able to respond to the changing
needs and, fourthly, the Genetics White Paper which
established the National Genetics Education and
Development Centre which works with professional
and regulatory bodies, particularly around training
and education, making sure there are appropriate
levels of genetic knowledge. We have that moving
and that is an important part of this. On laboratories,
an even bigger area, I will certainly ask Sally to
supplement my answer with some specific examples.
The Genetics White Paper challenged trusts in 2003
to look at how services were structured and to
develop plans in conjunction with specialised
commissioners of genetic services and to have a
strategic view of how the services would be
developed. A number have already restructured
service provision to use networks to deliver services
and a more rational distribution of testing and
concentrating expertise more eYciently to use
resources, and there are particular examples which
we can touch on with the South West, South and
Wales strategic authorities in what they have done.
There is also our increasing understanding of the
Genetic Basis of Diseases which has resulted in the
adoption of molecular diagnostic technologies with
pathology departments, and they need to meet this
clinical challenge as well. There are basic steps that
are required of them and there are cross-references to
later questions as well of the Carter Review and how
we are working both with the recommendations there
and strategic health authorities to make sure that the
NHS has the facilities and that they consider that
when setting new service models. I am going to stop
there because I have tried to open up the question,
which was a very detailed one, and I have been happy
to respond, but in terms of the levers to deliver the
developments I hope you will agree we have got them
in place.
Chairman: Lord Warner, do you want to come in on
this comment that was made about pathology
services?
Lord Warner: I would probably like to wait until we
get to questions that explore that in more detail.

Q856 Chairman: Lord Drayson, thank you for
coming; do you have any comments in relation to the
promotion of science in this area of education and
training?
Lord Drayson: The whole area of genomics has the
potential to really transform healthcare and it is
recognised as such by the pharmaceutical industry.
The opportunity to bring that into clinical practice

really depends upon the success that we have in
making the best use of the tremendous resource that
we have in the NHS, its longstanding clinical and
patient databases. We have made a lot of progress
towards this, but the relative success of the United
Kingdom as a source of innovative new medicines in
the future, as the emphasis on stratified approaches
to drug research and development becomes more
important, will depend increasingly on our ability to
use this developing area of the science comparatively
more eVectively than other nations. We can be
encouraged with the progress we have made to date,
but there is further work that needs to be done and
the success of our biopharmaceutical industry
depends on it.

Q857 Lord Warner: The Cooksey report identified a
number of gaps in translation research and the
Government in their written evidence stated that the
NIHR was working with OSCHR to develop an
integrated strategy for publicly funded health
research to bridge the gap between basic scientific
discoveries and new ways to prevent, diagnose and
treat disease. What progress has been made in this
work and, perhaps more specifically, how far is the
Government encouraging the development of genetic
tests and supporting the necessary clinical research
on the utility of such tests?
Dawn Primarolo: Lord Warner, you identified the
Cooksey report, the origins of OSCHR and the
strong focus on translating basic science into
improved patient care through the Translational
Medicine Board—I know you are aware and have
taken evidence with regard to Sir John Bell’s first
progress report—and you will also be aware that in
November the Prime Minister asked both the
Department of Health and DIUS to develop a new
set of national ambitions for translational health
research, and that is to encourage the translation of
major research breakthroughs into National Health
Service treatments. Both the MRC and NIHR have
new funding streams supporting that translational
research and it is about ensuring that the two
organisations are working very closely together. As a
result of this we are of the opinion that we are
opening up opportunities for those who want to take
basic discoveries through to commercialisation and
clinical use. That is not to be complacent about that,
we are talking about what we are already doing, and
as Lord Drayson rightly pointed out we need to be
very mindful of the rapid developments here to
ensure that we are keeping pace with them. We have
also invested more money in the NIHR’s health
technology investment programme, and that
programme has recently put out a themed call for
evaluation of diagnostic tests, and on top of that the
Department of Health, with the Wellcome Trust, has
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the Health Innovation Challenge Fund, which will
have a big part to play. It is specifically concerned
with translating new ideas into new products and
approaches to treatment and the money, potentially
up to £100 million over the five years, will be
allocated following themed calls. We are certainly
working very hard with the Wellcome Trust to ensure
that genetics is a recurring theme and, in addition, the
NIHR has recently appointed Professor John Burn
from the Newcastle Centre for Life as Chair of the
National Clinical Genetics Specialty Group. This
specialty group is responsible for facilitating and
encouraging timely development and, building on
this, we plan to award £100,000 a year to the
University of Newcastle under the direction of
Professor Burn to enable clinical geneticists to come
together and to identify current research activity and
new funding opportunities. This naturally follows the
initial discussion to try and open up the pathways
between research and delivery of patient benefits. I
am sure that Lord Drayson has got a lot more to say
with regard to how the MRC works as well and how
we need to make sure that they are working together.
Lord Drayson: My sense since taking over the role of
Science Minister last October has been that the
strength of the MRC investment in the area of
genomics has led to a real sense within both the
academic community and the biopharmaceutical
community that the potential of the science and the
strength of the expertise that we have in this country
is stronger than it has ever been. It is a very positive
picture indeed, despite the context of the quite
significant economic challenges which exist. Also, the
Department of Health and others are to be
congratulated on the formation of OSCHR which
has been very successful in providing this strategic,
overarching sense of clarity, which is very important
to the long term development of eVective diagnostic
tests and medicines. So the way in which we have now
seen the development of consistency and an
integrated framework of support is getting to the
point where, if we maintain this emphasis and we
look harder at how we can spot the development gaps
and fill them, there is real potential to attract to this
country the development of both investment and
skills for the bringing through or translation of this
new understanding in terms of the development of
the new diagnostic tests and new medicines. The
MRC has a key role in doing that; it has agreed to an
additional £132 million of investment under the
current spending round to do this and it is the lead
organisation for its delivery. We are exploring the role
of the MRC and the university medical schools in
terms of their relationship with the
biopharmaceutical industry and at what stage in the
development of these discoveries it is appropriate to
be considering it to be “going over the wall”—as it is

sometimes described—to the industry. I do think that
in this more challenging economic environment there
is an argument for us to support the longer gestation
of discoveries in the academic setting before being
translated to the commercial environment, and we
are developing the expertise within our university
sector to actually do this more eVectively. The
Technology Strategy Board is the mechanism within
Government which identifies those areas where it is
regarded that the UK has strategic competitive
advantage in the scientific area and where there is
both significant growth potential but also meeting
what is regarded as the key demand facing the
country. As yet the Technology Strategy Board has
not identified genomics as a key platform and it could
be argued that it should, and this is something which
I am interested in looking into. At the moment it has
been regarded as a priority area but we have not
identified it as a key technology platform in the way
that we have, for example, with low carbon vehicles
so it is something which we could look at further. The
picture overall is that really excellent progress has
been made. We have a very fertile ground in the
academic research base but we need to do more in
helping the translation of this research into
commercial development and therefore clinical
application of these new technologies in what are
going to be more challenging economic times over the
next five years.

Q858 Lord Warner: I was just wondering if I could
press a bit more on my second question. As far as
what I have heard is concerned, I have heard of
£100,000 going to Newcastle University to bring
some geneticists together, but is there anything more
specific in the way of Government action in the area
of encouraging the development of genetic tests and
supporting research on the utility of such tests? The
utility issue has been a big feature of a lot of the
evidence given to us; it would be helpful to have some
more specifics about what the Government is doing
in that area.
Professor Dame Sally Davies: If I may, through the
NIHR we have recognised that there are a number of
barriers to translation. We have already addressed
the basics, through development into a product; the
second one is where there is a product but should it be
adopted by the NHS and how do we increase
adoption; we are making contributions at each of
those levels. If you look at the £130 million a year
invested in biomedical research centres and
biomedical research units of the NIHR considerable
amounts of work are being done on the pulling
through of genomic tests, their importance and
looking at their utility to patients. The examples
include work on diabetes in Cambridge, which must
be in Oxford too as we know, ulcerative colitis at
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Guys and St Thomas’s, prostate cancer genome
scanning at the Royal Marsden, gene therapy for eye
disease at Moorfields, the first in the world.
Meanwhile we are putting vastly more money into
the health technology assessment programme so that
people can apply for grants to look at the clinical
utility, the cost benefit and how it can be used. That
pot of money is now really significant so I think we
are beginning to address the ways that that can
happen. The final one is an experiment or a pilot that
we are running that seems also to be getting a lot of
energy and is relevant here, which is the CLAHRC,
the NIHR Centres for Leadership in Applied Health
Research and Care. There what we are doing is giving
more than £20 million a year to 15 centres where their
own health economies can match the money, and the
money we are giving is for research into chronic
diseases—there is genetics in there, particularly in the
Manchester one, and their matching money is to pull
it into the service, to look at what it means for the
service, what it means for commissioning services.
The excitement this is generating, and getting
through that second translation gap and breaking it,
looks as if it really may be mould-breaking in taking
stuV forward.

Q859 Lord Winston: I must say I am a little under-
impressed by this. The Minister of State for Public
Health has talked about the need to translate these
scientific developments into real benefits for people.
You have just mentioned diabetes, ulcerative colitis,
prostate cancer and gene therapy; actually one of the
most hard-edged examples of genomics was in pre-
implantation diagnosis which was published now 20
years ago, of benefit to people who carry single gene
defects, and still the implementation of that
technology within the health service is very
inadequate. In fact, there is not any centralised
testing for gene defects for patients who are coming
for those treatments. Lord Drayson has talked about
a long gestation into the commercial sector, but
actually of course if the commercial sector sees a
financial benefit it will take up and run with that
baton anyway, as it has done, rather unfortunately,
with pre-implantation diagnosis, which is costing
worthy patients large sums of money and is not being
done particularly eVectively in the private sector. I
wonder whether or not you could argue that we are
talking in very high language, but the actual delivery,
partly because of the fragmentation of the health
service, is one of the problems that we are facing, and
the fact that individual authorities decide whether or
not they will commission particular treatments. I am
sorry it is a long supplementary question but it seems
to me to be very much at the kernel of what we are
trying to get at with how we provide what is clearly
going to be an important technology in the future.

Professor Dame Sally Davies: As you know, Lord
Winston, from my particular passion and expertise of
sickle cell disease I care about this. It was diYcult in
the past to get pre-natal diagnosis for my women who
were at risk of having a foetus with sickle and it was
diYcult across the whole NHS. It has revolutionised,
we have no problem getting pre-natal testing for
single gene disorders where we look after the patients
in the NHS. The reason—and I am going to hand
over to Mark Bale to expand on this—is because we
have set up these networks and they do pass the
tests round.

Q860 Lord Winston: Pre-natal is diVerent from pre-
pregnancy and Mark Bale will understand the ethical
issue here, that a woman would far rather prefer to
start a pregnancy from the beginning, knowing that
it is free of genetic defect, than actually have to face
the spectre of a termination of pregnancy, often
relatively late into that pregnancy. It is an important
issue for the health service.
Dr Bale: Yes, Lord Winston, I am sure you are much
more familiar than I am with some of the challenges
around pre-implantation genetic diagnosis in terms
of providing a very specialised service. Not only is
there a requirement for the embryo handling and
biopsy, but there is often a very small amount of
DNA to work with in terms of analysing the cell that
is removed. That is why it has tended to specialise
into key areas—London is one of them—and that on
its own is why it brings particular challenges around
how that service is commissioned and how patients
who live in more remote regions have to get the
funding for that. It is certainly a very important issue
and it is one that is being addressed in part through
discussions that the Human Genetics Commission
are undertaking, to look at how the funding is
arranged for pre-implantation genetic diagnosis
across the UK—this includes England, Wales,
Scotland and Northern Ireland. It is a very particular
issue, however, that may have its own unique features
and maybe does not provide a useful example for
other aspects of genetic testing.
Chairman: Whilst we may not wish to get into a
discussion about pre-implantation diagnosis,
important though it is, Lord Winston was using that
as a model to say we already know where the science
has got to, it can benefit by having a service in the
NHS.
Lord Winston: Centralised testing.
Chairman: If we do not have a structure in place then
the developments that will come through from
genomics medicine and developments in genetics will
suVer from the same lack of pre-thinking and vision
in terms of setting it up. That is the point. Lord
Taverne.
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Q861 Lord Taverne: This brings me to a very general
point. Harold Wilson, when he was prime minister,
had a tendency when asked what have you done
about a particular problem, to say “I have appointed
a minister” as if that was a solution. Reading through
the evidence again from the Department what strikes
me is the enormous proliferation of diVerent bodies
looking at diVerent problems. There are taskforces
and advisory bodies and there is, on the face of it, this
bewildering network of diVerent bodies, something
which is a recipe for bureaucracy, avoiding decisions,
delaying decisions. Could not someone in the
Department of Science look at all these bodies and
try and simplify them, because it does not inspire
confidence as it appears at the moment.
Lord Drayson: Lord Taverne, you have put your
finger on a very important point which cuts across the
whole of the way in which the Government tackles
science and innovation. There is a real need to
identify better ways to co-ordinate activity across the
diVerent government departments; this is not a
unique problem that faces the Department of Health.
In my role as Minister for Science and Innovation a
key task of the new Science and Innovation Cabinet
Sub-Committee is to do exactly what you have asked.
The way in which in this particular case the
Department of Health and DIUS has created
OSCHR as I mentioned earlier, as a mechanism to
provide the strategic clarity, better co-ordination and
drive in this particular arena, is a very good initiative
and one which should be copied by other
departments in other fields.

Q862 Chairman: Should OSCHR be the body that
looks at what developments are occurring in genomic
medicine which may have implications for the NHS
in the future?
Dawn Primarolo: I too agree because what I tried to
do for today was to look clearly at what the strategic
oversight should be, what the basic research was, how
we fund it, the ethical issues, the interaction with
industry, how we evaluate, how it is pulled through
into the service, how we assure the unity of
commissioning as you put it and what the role of
Government is needed to be in the future as there was
greater potential. OSCHR provides that strategic
oversight and it is very important when undertaking
the horizon scanning and the considerations on this
that at every point we have got a mechanism to try
and drive it through the system. As Lord Winston has
already pointed out, it has not necessarily worked in
that way in the past and, given the timeframes for
development, as Lord Drayson says, pulling together
discussions with industry about when we move to
development, when something moves from university
bench to production, making sure that that is lined up
with what the health service is able to deliver, either

in commissioning or knowledge, is really the nuts and
bolts of what you are looking at and what I have tried
to get to grips with as a Minister. Everybody is
playing their part, but the strategic oversight both of
OSCHR and the Human Genetics Commission,
combined with the horizon scanning, is where we
start. The points are whether there are failures
elsewhere in the chain and we do not end up with the
eYcient patient benefit.

Q863 Chairman: We may come back to you about
the Human Genetic Commission. Lord Drayson.
Lord Drayson: There is another important lever which
we need to make sure we use most eVectively. In the
particular arena of genomics the issue of
infrastructure, in particular sequencing equipment,
the speed at which that technology is developing and
the need for massive processing and computing
power, provides us with an opportunity to address
the point Lord Winston raises, which is to think
intelligently about how we can provide that
infrastructure to facilitate a clearer, strategic thinking
which is consistent across the NHS. The MRC is
taking action in this area by supporting three to five
regional hubs for high throughput sequencing, and I
think this is an area where we can do more to actually
think about how we can actually make intelligent
investments in infrastructure to support the pull-
through of these new technologies; to create an
environment whereby there is the accelerated
potential to apply that to clinical practice, but also to
provide an infrastructure which is attractive to the
development of critical masses of clinical expertise,
with development expertise and investment from the
private sector in terms of the biopharmaceutical
industry.

Q864 Chairman: I am going to move on, although
we have supplementaries to come back to. Lord
Colwyn.
Dawn Primarolo: Can I just add that we do expect the
collaboration between the Wellcome Trust and DH
and the work within the new fund actually to try and
assist us in this proposition as well, in looking at some
of the work processes and specifically at, rightly, the
areas of concern that you have already raised in your
brief comments this morning about the eYcient pull-
through and co-ordination, rather than having loads
of bodies who think about it but none that actually
deliver.

Q865 Lord Colwyn: This is another question to
clarify the executive powers of OSCHR. In June last
year some of us spent three days in Washington and
visited the National Human Genome Research
Institute, and we were very impressed with the
activities that they carried out there. At present
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horizon scanning and strategic thinking on genetics
and its place in the healthcare system is not carried
out centrally in this country; do you think that
OSCHR, whose stated mission Lord Drayson
reminded us a little earlier is to facilitate more
eYcient translation of health research into health and
economic benefits in the UK, should be given
executive powers and charged with horizon scanning
and strategic thinking on genetics?
Dawn Primarolo: I am not of the view at the moment
that there is any need to revisit the powers and the
work that OSCHR undertakes; we feel that its ability
in terms of delivery and its structures are the right
ones for us.

Q866 Chairman: Who do you think should do the
task that Lord Colwyn asked about horizon scanning
and genetic developments?
Dawn Primarolo: The current arrangements in terms
of the oversight mechanisms for horizon scanning are
right and we have the Ministerial Industry Strategy
Group—a high-level group as well—which is
engaged in that along with NIHR and MRC who
together are also looking, at the behest of the Prime
Minister, to define what those national ambitions for
health should be. Alongside the other initiatives such
as the Human Genetics Commission, the National
Screening Committee and the Health Technology
Assessment Programme, these are all vital in bringing
it together with the work that the Department of
Health and DIUS do on this. At the moment, no, I do
not think there is an issue that needs to be addressed
in any widening of OSCHR but I would also want to
be cautious and say that does not mean I have a
closed mind on that, it is about what we are doing at
the present time and how to advance that. To keep
changing structures without necessarily specific
benefits being identified is not something we are
attracted to at the moment. I am not saying never, I
am just saying we need it to do a job of work in
parallel with other organisations and we think that
has been done.
Lord Taverne: But then you set up yet more bodies,
there is the Horizon Scanning Unit and the Horizon
Scanning Network and the Horizon Scanning
Centre—there is an endless number of bodies which
keep on covering the same sort of territory.

Q867 Lord Colwyn: Lord Drayson is going to deal
with that.
Professor Dame Sally Davies: Let me pick up the
horizon scanning for you. Formerly as NHS R&D
and now as NIHR we fund the National Horizon
Scanning Centre that sits at the centre of the network.
It does scan, including for genetics, for technologies
and treatments and interventions, including
prognostic and preventative, that could be coming

into the NHS in the next two to five years, and
provides that information to a number of customers
including the Department of Health, NICE and
others. At the near to customer level that is the main
source of horizon scanning, whereas at the scientific
level we have the Foresight programme of the
Government OYce of Science which comes under
Lord Drayson, and that looks in depth at where
science might take us in the next ten to twenty years.
May I submit that if you are funding it, which I am,
the horizon scanning is not muddled, it is there
quite clearly.

Q868 Baroness Perry of Southwark: We have genetic
testing for common disorders such as diabetes and
sudden cardiac death, and the tests can detect the
genetic subtypes that determine the type of treatment
that should be used or enable accurate risk prediction
for family members. However, for both rare and
common diseases we have heard evidence from
physicians and commissioners of inequality in the
availability of these tests across the NHS: they told us
that the tariVs are inconsistent, testing is carried out
on a local basis as part of research projects and so on.
What is the Government policy on providing
equitable access to genetic tests across the UK and
what moneys are provided for equitable
commissioning and uptake of genetic tests?
Dawn Primarolo: Clearly we would want patients to
have access to genetic tests when they need them and
regardless of where they live in the country. The
establishment of the UK Genetics Testing Network is
one of the key ways to support that and it runs
information on websites, manually updates the
directory and it also runs a system to evaluate the new
tests and a systematic evidence base to do that. This
information is provided to commissioners of genetic
services annually. Genetic services are commissioned
and have to be commissioned as part of an integrated
approach across the strategic health authorities and
in order to support a consistent approach to funding
the Department has the Genetic Commissioning
Advisory Group which brings together those
specialist commissioners and professional bodies,
and the group discusses and receives evidence about
issues relevant to delivering services. We have also got
the Genetics White Paper from 2003 that identified
the need to make investments and the capacities
necessary in the health service, and we invested
moneys as a result of that. This in addition has to be
within the wider development following the work
that has been done by Lord Darzi, the issues around
the NHS constitution in getting that proper delivery
across the whole of England on that. That is what we
are working very hard to try and deliver.
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Chairman: Lady Perry, do you want to come back?

Q869 Baroness Perry of Southwark: My question
was really what you are doing to ensure that there is
equitable access because all the evidence we have had
is that however much you have responded to the
White Paper with additional money and so on it is
simply not happening; there are a lot of examples of
inequality both in the availability of the tests and the
tariVs which are available for them, and a lot of the
testing is still carried out on a local basis just as part
of a research project, it is not something which is
available generally on the NHS.
Dawn Primarolo: This is a matter that needs to be
developed and pushed through the commissioning
process which we have in place and continue to push
forward in terms of the information that is available
on tests, their potential and why they are important
in the provision of the health services when
commissioners are providing this service. The focus
and the pressure will be greater and greater in order
to deliver that, and that is how the health service
works in commissioning services at the moment, and
that is the really big push that we can give to it, which
we are doing.

Q870 Baroness Perry of Southwark: It is not very
satisfactory for patients though, is it, particularly
where they have concerns as family members where a
diagnosis has been made and they desperately need to
know what their own risk is.
Dawn Primarolo: Indeed, the challenge across the
health service is to keep pace with technological
developments in any area and part of the work that
Lord Darzi did—that is the next stage dealing with
the clinical pathways and the work that is necessary
on quality, investment and the latest technological
developments being available to patients—is very
much now the work that the department is doing
across all its bodies to ensure that happens. If we look
at the work that Lord Darzi undertook in each of the
strategic health authorities with the clinical teams
and consultations we can see that there is a lot of
work that needs to be done there.

Q871 Lord Broers: In the White Paper Our
Inheritance Our Future up to £50 million capital was
invested in the development of genetic services and
making use of genetics knowledge in healthcare. We
heard from Professor Furness, President of the Royal
College of Pathologists, that arrangements for
replacing current laboratory equipment are patchy
and that there are now regrettable diVerences in
funding in this area across the country. Given that
this type of equipment needs replacing every three to
five years, can the Minister detail what plans there are

to replace the current laboratory equipment across
the country now and in the future?
Dawn Primarolo: To March of last year we invested
£80 million in genetics development under the White
Paper and we provided £18 million capital to the
development of the laboratory services. We created
capacity to improve the speed and eYciency of
services some of which was for the replacement of
equipment, as you rightly identified. That money is
supporting the NHS in making the right decisions by
providing information about the new and emerging
technologies and applications for genetic
information through the work undertaken in the
diVerent parts of the health service. More generally
and very importantly, in the report of the second
phase review of the pathology services, which was
published in 2008 by Lord Carter, it outlined the
benefit in service quality and cost-eVectiveness as a
result of consolidation. It is for the NHS to make the
decisions on the spend and their equipment in the
light of circumstances, but what we are doing is
working with some strategic health authorities,
looking at the Carter Review, looking at the examples
of development thus far and how we can ensure that
that continues to be driven forward. I know, because
Sally was telling me in the briefing before today’s
hearing some of the examples, for instance at Exeter,
where this work is going forward and has been done
and we need to build on that. We need to do that as
part of Carter.

Q872 Lord Broers: How is it co-ordinated with what
Lord Drayson mentioned which were these three
hubs for high-throughput sequencing equipment?
Are they part of the NHS network as it were?
Professor Dame Sally Davies: No, we fund capital
from the Department on limited occasions to the
NHS, but the NHS generally buys its own, the NIHR
funds capital into the NHS and the MRC usually into
universities. What we are hoping will work through is
that places that develop the MRC hubs will have
close links with the regional centres, but that is a
discussion to be had. One of the diYculties with
research funding is of course you cannot go and say
actually Exeter—which I visited last week and was
really very buzzy in both clinical and research
terms—is the place we want to put it, because we have
to go through proper commissioning processes which
allow all researchers opportunities. It is therefore
very diYcult marrying this up but we are trying to
make sure that the investments are made sensibly to
benefit both sides of the equation.

Q873 Lord Broers: We are making sure that funding
will be in place on a continuing basis are we? Funding
is time-limited is it not?
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Professor Dame Sally Davies: As a haematologist—I
am therefore a branch of pathology—it has always
been and it remains the case that the local NHS have
to equip the laboratories. We have moved from my
youth, when we would actually purchase equipment
outright, to leasing it so that you can change it more
quickly as technology changes. It remains the case
that it is for the local health system to purchase the
appropriate equipment to provide the services they
need. Lord Carter suggested the development much
more of consolidation and networks in order that
where there is a high throughput need this should be
purchased eVectively for populations, and that is
what these pilots are beginning to explore.

Q874 Lord Warner: Could I bring us on to a more
detailed discussion about the Carter Review and their
two reports and some of the evidence that has been
given to us about the issue of consolidation. I should
own up to being the minister who set up the Carter
Review and publishing its first report in September
2006, but I just draw attention to the fact that in that
report in 2006 there was a whole raft of
recommendations about pilot schemes and it seems
to have taken us two years to get to a second report
which has made another recommendation for pilot
projects. There is, therefore, an issue which rather
chimes with the evidence that is given to us that the
pace of change on consolidation, which was a key
recommendation of the Carter Review, has been
perhaps not as fast as it should be. In particular, Sir
John Bell, Professor Martin Bobrow and others have
recommended to this Inquiry the establishment of
centralised laboratories for molecular pathology, to
use specialised genome technologies to provide
molecular genetic tests across the medical specialties.
Is the Department really comfortable with the pace of
change here and how does the Department of Health
support the establishment of centralised laboratories
for molecular pathology? If so, how should these be
funded and implemented? This is a big issue which
has come across to us in the evidence that has been
given to us.
Dawn Primarolo: We would be spending the entire
Department’s budget in one particular area. I cannot
comment necessarily about a period before I was
Health Minister but I would share your concerns at
the importance that the Department should and does
attach to the proposition that you have put about
initiatives as a sensible way forward, and whether
that would need to be centrally commissioned. I fear
that you will sigh when I say that in order to take this
forward in light of the recommendations of the
Carter Review, what we need to be clearer with as we
take it forward is the funding and implementation of
such service developments and how they interact with
local determinations. So we are considering further

the work with strategic health authorities so that we
have a much clearer indication of the practical
implications of service development in order that we
can look at that very clearly in the Department’s
impact assessment, and that is what we are taking for
now in terms of what Carter has recommended, what
some strategic health authorities will be moving to
and, a point which has been made a number of times
this morning, the interaction between national and
local commissioning.

Q875 Lord Warner: I would like to just press this a
bit more because people from the local level have sat
in front of this Committee giving evidence and asking
for more centralisation of some of these services, and
they make the perfectly fair point that the savings
from consolidation would actually help fund the
investment that is needed for these new technologies.
These are not people who are rabid centralisers, these
are the people working in the NHS at the local level
who seem frustrated by the absence of drive from the
centre to make consolidation actually happen.
Dawn Primarolo: Absolutely, and the Department is
working with three strategic health authorities—the
East of England, South East Coast and Yorkshire
and Humberside—specifically looking at developing
the approaches to examine the recommendations in
terms of service, reconfiguration and what that would
mean, but you will know from your period as a health
minister that it will be important for us to see what
those steps are before we actually declare ourselves
and listen very clearly to what people are expressing
as a possibility.

Q876 Chairman: Have you any idea of the timescale
we are talking about?
Dawn Primarolo: Yes, the indication to me at the
moment is that the Department’s impact assessment
on this will be published in the early summer of 2009.
Is that good? Thank goodness.
Lord Warner: That is good progress but there are ten
strategic health authorities and only three are
working on pilots at this point in time; the points that
have been made in earlier questioning are about
equality of access to these new technologies, so what
is going to happen in the other seven?

Q877 Lord Winston: And could access be beyond
those murals?
Dawn Primarolo: We are looking at what it would
look like and we are using three strategic health
authorities who have said they want us to look at this,
but actually the impact assessment will be on the
basis of all of the strategic health authorities, it is just
a reasonable way of trying to progress to the next step
about an impact assessment across those strategic
health authorities, and then that will be available, as
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I have said—and I am sorry it is rather vague—by
early summer this year. Then we will be able to look
at it, comment and we will be able to try and move
forward from that, including the issues that you have
rightly identified as being the ones that we need to
concentrate on.

Q878 Lord Warner: Perhaps with climate change
summer will come a little earlier.
Dawn Primarolo: I could not possibly comment,
Lord Warner.
Chairman: It is important for you to know that we
have had substantial evidence, as Lord Warner
referred to, repeatedly during this Inquiry, from
people we would respect, about the need to address
this issue about centralising molecular laboratories
that begin to deliver uniformly the tests as they
become available. Just now the evidence is that it is
very patchy and mostly it does not occur. Lord
Taverne.

Q879 Lord Taverne: Most medical genetic tests are
covered by the In Vitro Diagnostic Devices (IVD)
Directive and this is being reviewed. At the moment
these devices are classified by UK authorities as “low
risk” but should they be re-classified as moderate or
high risk?
Dawn Primarolo: As you know the MHRA actually
acknowledged the concerns and the UK requested
the European Commission to conduct a review. The
current position is that the overwhelming support of
that review, which we would support, was that a
system should be based on the Global
Harmonisation Taskforce Model, and that would
mean under this model that tests would be in the
second highest risk category and be subject to more
stringent assessment than they are at present. The
Commission are currently assessing the results of the
public consultation and I hope that this will produce
some sort of proposal on the way forward as quickly
as possible. It would move the classification and we
would support that

Q880 Lord Taverne: Is it also agreed that the re-
classification of genetic tests will be as a matter of
public health—because at the moment it seems the
test kits also included ear candles, foot spas and body
piercing equipment, so you could get a lot of
diversion of time on policing it. It will be treated as a
matter of public health.
Dr Bale: Lord Taverne, it is devilishly detailed but
from what I am aware the Global Harmonisation
Taskforce framework does identify genetic testing as
being of moderate public health risk and of high
personal risk, which puts them into category C,
below those for communicable diseases such as HIV
or hepatitis which would be in the highest category

because there is a clear public health risk. They are in
the middle, therefore, but they would certainly move
into a higher risk category than they are currently in
the IVD Directive.

Q881 Chairman: This would be MHRA’s
responsibility.
Dr Bale: Certainly.

Q882 Lord Winston: The UK Genetic Testing
Network is playing a valuable role in assessing
genetic tests for rare single gene disorders but with
the expanding issues in genomics there is still no
present system for assessing the utility of such things
as pharmacogenetic testing and other issues which
are relevant to public health. It has been suggested
that the National Institute for Health and Clinical
Excellence could be a key driver and funder of studies
to appraise the utility of this generation of genetic
tests. Do you think if NICE did take on this role and
a new programme was required to do so, that the
Government would approve this expanded role? If
so, would the Government consider funding it?
Dawn Primarolo: The Department is already working
closely with NICE to develop new evaluation
pathways which may include genetic testing. Those
discussions are already going on and we would not
conduct the discussions with NICE unless we had a
view that they could make a very positive
contribution in this front. The Ministerial Medical
Technology Strategy Group which meets has been
charged with overseeing the development or design
and delivery within the commitment in Lord Darzi’s
review on innovation in medical technologies—that
is joint working between industry and several
government departments—and what they are
considering is the establishment of a programme for
diagnostics. The new evaluation pathways is still in
the early stage of design but would include diagnostic
programmes and how we can make sure that those
benefits are moving through all the stages that Lord
Drayson touched on in an earlier answer about the
interaction between research and development and
then delivery. The decisions on the criteria for
selecting which diagnostic technology should be
evaluated, that they are going to bring forward, is due
to start, if it has not already started, this month, and
we are expecting a progress report to the next meeting
of the group which is in May 2009. That is going to be
about the detail of the likely scope of the diagnostic
evaluation programme, and when that is done we
have a target date to bring that evaluation
programme for innovation into operation by June
2010. There are therefore two processes: the work
that NICE might be able to do but also there are the
detailed discussions with the industry as well in
looking at possibilities and how we can speed up that
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collaboration and interface, those coming together
hopefully to deliver the clear objectives that you are
frustrated are not there at the moment.

Q883 Lord Winston: Minister, you and your
colleagues Lord Drayson and Dame Sally will both
know that there is quite a potential for hubris in this
whole area and that actually we might think of
genetic testing as being highly predictable, but it is
very clear that there are going to be huge numbers of
surprises, not only in the field of epigenetics, which
we are not covering this morning, but also in fact if
you take for example the assessment of cancer cells
and the genetics which are driving the cancer cells:
what works very well in culture may not work at all
in the patient when the actual delivery takes place
and there is a huge amount of unpredictability.
Clearly, somebody actually has to monitor all this
and I wondered whether or not you actually have
views on that aspect of this implementation here as
well.
Professor Dame Sally Davies: Clearly you are right,
Iressa is an example, is it not, of the AstraZeneca
drug that looked as if it did not work but works very
well in many Indians and in Chinese for a diVerent
tumour. What you are talking about is the interface
between research and bringing it in and stratifying
medicines or diagnostic tests; both of those are
important and we need to do that as part of the
shared development pathway. Then you are leading
us into the pharmacogenomics; there is debate about
an intervention but the same debate goes on about
tests and what is the sensitivity specificity and are we
monitoring it? Clearly we have a system through
MHRA for adverse events for drugs; the tests we
usually work through by doing health technology
assessments and we have a fund to fund health
technology assessments, so I think we will end up
picking it up there but it is a complex issue and, as I
say, much of this is quite a way away. What I am
trying to do with this Wellcome fund is get us to take
some examples to work them through to see what we
can learn from it, because I believe we need to.

Q884 Lord Winston: None of us has mentioned a
huge problem here yet which is the issue of IT as well;
that comes into this does it not? How are we going to
cope with that?
Professor Dame Sally Davies: There are a variety of
issues in there, if I may, Minister. The first is we are
rolling out the national programme for information
technology and a part of that is a research capability
programme which is going to help people who are
interested in quality, and in this instance research is a
domain of quality, access data for monitoring, and
that will pick up issues and put data sets together.
That is for the service but will then benefit research

quite dramatically, and that programme is going well.
On the other side the Wellcome Trust through the
Sangar has led the way, and the European
Bioinfomatics Institute, with massive datasets being
set up around genomics. At what point will we want
to link an individual’s genome data with their health
data? The big questions are technological, which can
be overcome, but also ethical and that will have to be
debated and sorted through before we do it. Then
who will be responsible for what, and if it is a research
enterprise you would have a diVerent view from if it
is a service enterprise where the data controllers are
the NHS trusts who hold it. You are then going to ask
me about the expertise and clearly we have a fair
amount of expertise in the research sector, although
we do want more. Interestingly, we have just done a
call around all the top-rated stats and economics
departments to see whether they would like to train
people in the health arena; we got double the
response we expected and we are going to fund them
all. We are from the NIHR, therefore, doing
something about developing capacity for our end of
this.

Q885 Chairman: That is for health economics.
Professor Dame Sally Davies: And biostats, we need
all of them. Industry needs them too so we need to
train them.

Q886 Baroness Perry of Southwark: A slightly
diVerent tack now but also you referred in your
answer to my Lord Chairman’s first question to the
education and training of healthcare staV. We have
had evidence about the Genetic Knowledge Parks
and the National Genetics Education and
Development Centre, but it is quite apparent that
wider education of healthcare professionals is needed
on the application of genetic testing for single gene
and multi-gene disorders. How is the Government
ensuring suitable genetics education of physicians,
nurses and other healthcare workers and what
evidence is there that this education is reaching those
who need the knowledge in their everyday practice?
Has there been any funding allocation made to you to
continue education of the healthcare workforce?
Dawn Primarolo: The National Genetics Educational
and Development Centre in Birmingham works with
the relevant professions and regulatory bodies to
incorporate appropriate levels of genetics and the
Centre has already worked with a number of groups
and bodies, including the Royal College, general
practitioners, the British Dietetic Association, the
Royal Pharmaceutical Society and a number of
others; and it has developed resources and is
supporting materials that highlight the relevance of
genetics in the area. But you are right; developing the
genetic competence of both new and existing NHS
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staV is a huge undertaking. A lot of the initial work
has been undertaken by the Centre and it has been
looking at the needs assessment for diVerent
professional groups and developing resources to
support that education. This is a task that is going to
take some time but I can confirm that we are in
discussions with the Centre in Birmingham about a
new contract—so I am not able to talk about the
resources at this precise stage but I am happy to do
a further note to the Committee—that will take key
initiatives through to 2014 and obviously we are
going to continue to work with the Education Centre
and the professional bodies on this. So we are still
pushing through but I think there is a lot more to do,
hence the discussions about new contracts and
speeding up. I would be happy to do a note to the
Committee when I am in a position to do that about
exactly what is happening on this contract and what
we can expect.1

Chairman: That would be helpful.

Q887 Baroness O’Neill of Bengarve: The recent data
sharing review by Richard Thomas and Mark
Walport showed that sharing personal information
has produced benefits in most areas of life. We have
had evidence from Professor Markham, Chair of the
Translational Medicine Board at OSCHR and
Professor Thornton, Director of the European
Bioinformatics Institute, that it is valuable to
combine genetic data with personal medical data, yet
we heard from UK Biobank, which is of course a
prospective study that gets consent upfront, but while
recruits are entirely willing to share data there are
bureaucratic burdens to linking diVerent types of
medical data to link information on prescribing and
hospital admissions and so on. One example is said to
be the restrictive UK interpretation of the EU
Clinical Trials Directive. Are these actually
bureaucratic burdens or are they more to do with
gold plated regulations in the UK, particularly in the
data protection legislation. Why do we have such
burdensome bureaucracy given that other European
countries implementing the same Directives do not?
Professor Davies: Let me answer. Everyone in front of
you and the government is absolutely determined to
exploit this research opportunity. In fact Lord
Drayson and I were discussing how unique it is in this
country that we have this cradle to grave community
into-specialist care data and to link that to genomics
is very powerful as a way of learning how to improve
public health and individuals’ care. That is why we
are making substantial investment in the Research
Capability Programme for NHS Connecting for
1 The Current provider, hosted by Birmingham Women’s NHS

Foundation Trust, and led by Professor Peter Farndon, has been
invited to tender to provide this initiative for a further five year
period. We expect this matter to be concluded by June 2009. The
current contract ends on 31 August 2009.

Health that I mentioned, and that I have asked Sir
Alex Markham to chair on my behalf, so that it gets
enough time from a senior medic. Take the example
of the UK Biobank. Letters over my name, I have to
say, have gone so far to over two million people; we
have 240,000 people recruited already of the sample
we want of half a million and we have had less than
ten complaints about processing their data in order to
be able to contact them.

Q888 Chairman: Sally, we had all that evidence but
the question was that there seems to be both a
legislative and a bureaucratic block in our ability to
link what will be the future genetic data with patients’
genetic data.
Professor Davies: How do you go about it? We have to
make sure that we protect the rights and dignity of the
patients, so can we leave on one side the European
Clinical Trials Directive because that is quite a
diVerent issue, which I am quite happy to address,
but it is diVerent from what you are now discussing
which is that the government created the National
Information Governance Board for health and social
care, NIGB, to pick up on the Section 251 issues
around where can people, the researchers, access data
and when can they link it? We are working with them,
they are an advisory body to the Secretary of State, to
try and make sure that we both have case law, so that
when we have established the case like Biobank
others can go straight through when they have ethics
committee permission, and that they look at the
things they should look at rather than spread into
other things which they do not need to advise us on
because the Data Protection Act is quite clear and
workable and does not impose a bureaucracy. If you
look at the Thomas and Walport report they did not
say that and lay it out. The Department of Health
accepted the recommendations in the Thomas and
Walport report and we are working to make that
happen.

Q889 Baroness O’Neill of Bengarve: I would expect
that the diYculties are a good deal more recalcitrant
than you suggest and I should declare my hand as a
peer reviewer of that report, but I would suggest that
actually the arguments on the dignity and rights are
probably being used in ways that are not suggestive
of very high quality argument, so there really is an
area to get into here. Do you think that possibly this
reluctance to do what under a clear interpretation of
the law would perhaps be permitted—but of course
we have not received that clear interpretation—is
being driven by fear about inadvertent data releases
in various areas of government or do you think it has
another source?
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Professor Davies: I think I have to reply more as the
DG for research rather than the department. Clearly
people have said to me repeatedly, “If parts of
government had not lost data we would not be so
sensitive,” so there is a bit about that. I think that is
not the main part. I suspect we are in agreement. I
think there is something about concern about
genetics because they do not understand and
concerns which are rather paternalistic that people
might not like it, yet the evidence that we have—
which is why I went back to Biobank knowing that
you had been round it—is that very few people do
complain and we are putting in place very good
processes, I think, to try and professionalise the
pseudo-anonymization and issues like that to protect
patients but to make it as quick as possible.

Q890 Baroness O’Neill of Bengarve: You would
expect that to lead to clarity about what constitutes
adequate anonymization which, in my view, is the
thing that in practice is so diYcult for people to
determine at present.
Professor Davies: I am trying very hard to make sure
that we have absolute clarity. My views do not quite
line up with all the advisory boards and therefore we
have to take it more slowly than I would wish and
steadily, to try and build the consensus; but we know
from the departmental solicitors’ advice that the way
we would like to go forward is within the law.
Dawn Primarolo: It is important, as you rightly say,
that we get clarity here in order to take it forward as
quickly as possible.

Q891 Lord Warner: This is clearly a very
complicated and technical area—no one would
dispute that. There was clearly a gulf, I think,
between some quite senior researchers who have
appeared before us, their view of this issue and the
government’s. At the very least I think there is a
communication issue for the government and the
department in relating to senior researchers in this
area. I want to park that bit and ask a related issue.
Assuming there is this happy day when the electronic
patient record is fully implemented across the NHS—
and I am a strong supporter of it and hope it will
happen—are we likely, given some of the concerns
that there have been currently expressed about
accessing data for researchers, to have another tribal
warfare over the issue of linking genomic data into
the electronic medical record and accessing it,
because the great prize for researchers in this area is
being able to access the current data that is in a
medical record and the new genomic data as it
emerges for individuals.
Dawn Primarolo: I think the long term objective
would be yes.

Professor Davies: I agree. So if they are linked for
clinical purposes then the only issue is about access
and as long as we develop the safe havens eVectively
to pseudo-anonymise speedily and everything then
that will be all right; but there will be, I am sure,
people who hold up flags of concern. But as long as
they are linked for medical reasons then the only issue
is access.

Q892 Lord Winston: I think I belong to a diVerent
tribe from Lord Warner because I think this was one
of the issues during the Human Tissue Act. I wonder
whether there is not a case even perhaps for revisiting
some of the legislation. I do not know whether you
feel that that would be unjustified.
Dawn Primarolo: I think at the moment it is two steps.
Let us wait and see how well we manage this. We
know the majority view of patients in terms of linking
data and clinical trials and the response to Biobank
has been much greater. I am in it and I know huge
numbers of people and it is not being raised as an
issue. So we have two steps at the moment: to try and
clarify and stop the barriers and have the
arrangements we have in place now to open up those
possibilities; at the same time as I described it as the
long term objective of making sure that IT will do
that automatically and we do not have to revisit the
whole debate. There are important discussions going
on where we are having advice given to us from our
various advisory bodies and as we are going through
that process it is very diYcult to be exact about
whether or not there are any more steps necessary.
But we are with the Committee; the Department of
Health is clearly of the view that it wants clinical
trials, the linking of information for the good of the
greater majority of patients as the goal to which we
should be striving.

Q893 Lord Broers: I think Dame Sally mentioned
the European initiative. The European
Bioinformatics Institute has proposed formation of a
new institute of biomedical informatics that could
cope with the challenges of handling the linking of
databases of medical and genetic information in
order to maximise the value of these two unique
sources of information. Would the department
support such an initiative and, if so, who would
provide the funding?
Lord Drayson: Perhaps if I could tackle that one.
Clearly the UK has got itself into a leadership
position in the area of this research in Europe and, as
I mentioned earlier, the provision of informatics
infrastructure is a real opportunity in developing that
lead in the UK, but also in terms of facilitating
eVective coordination. So the answer to your
question is yes, we would support that. The funding
of that would, as normal with large scientific
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facilities, come out of the large facilities of the capital
fund. The Research Councils UK has a process called
the Large Scientific Facilities Roadmap where such a
proposal would be considered. The timing for the
current processes for decisions on future large
scientific facilities to be made is around about 2010.

Q894 Lord Broers: What sort of funding are we
talking about?
Lord Drayson: In terms of the amount of funding that
would be required, I do not think that is established
at the moment.

Q895 Baroness Perry of Southwark: Could we ask if
there is a timescale on that? The European Institute
has proposed something; is the proposal being
discussed and being taken up? Is it going to happen?
Lord Drayson: I think it is something which needs
further work to develop it. It is not suYciently
concrete and it would need to be considered against
other bids for research councils’ large scientific
facilities funding. However, I think the argument in
support of it strategically is very strong; this is an area
where the UK has a scientific lead, it is an area where
we have the huge potential as we have discussed in
terms of the resources of the NHS. It would have to
be considered in competition with other bids for large
scientific facilities and the timing of such decision
making is around 2010.

Q896 Lord Taverne: There has been an increasing
number of genetic testing companies which are
marketing and selling genomic profiling tests direct to
consumers, and several of these have been exposed in
the media as unreliable, useless or likely to mislead.
The Human Genetics Commission is drawing up a
voluntary code of practice to set standards and to
ensure accurate advertising and labelling of products.
Does the Department of Health support the
regulation of such tests and the idea of a voluntary
code of practice and what should be done to enforce
such a code of practice if it should be so approved?
Dawn Primarolo: The government does agree that
there is potentially a risk here and we certainly
support the work being done by the Human Genetics
Commission to monitor and look at the provisions, it
will advise as well as using the Advertising Standards
Authority and with the role of the MHRA. I think we
need to look very carefully at the information that is
coming forward and also to recognise that a lot of the
companies providing this are in an oV shore base—
they are in other jurisdictions—and we may need to
look at requirements across whole markets in order
to get some movement in this issue. So we do agree
and we are looking at it very closely and we will take
the evidence that is supplied to us and then we will
need to think about how, in parallel with other

authorities, we want to try and protect UK
consumers on this because, you are quite right, it is
growing and growing.

Q897 Chairman: But these tests are being marketed
and the companies are proliferating now and the
evidence we had in some of the media reports that
you also probably saw does suggest that currently
private citizens are being aVected by this. How long
are we talking about here?
Dawn Primarolo: We are doing it as quickly as we can
on the evidence but I have to say that this is not the
only area where things might be marketed privately
coming in from oVshore—there are other areas that
are of concern, in health and elsewhere, where
regulation or control or guidance is not necessarily
there, and we would have to look at the whole market
and whether it is appropriate to take action on a UK
basis or whether we need that wider jurisdictional
approach for those protections, and that is where we
are now. I am sorry I cannot put a timeframe on it but
we are talking about a market base that is not just
UK-based and therefore you need that wider
response and that takes slightly longer.
Chairman: It is about how the public can get advice
about the veracity about these tests, that is the point.

Q898 Baroness O’Neill of Bengarve: The Human
Genetics Commission described both in its written
evidence to this inquiry and in its response to the
Single Equality Bill consultation the need for genetic
discrimination to be explicitly recognised in anti-
discrimination legislation, and they recommended
that that be applied in particular in areas of insurance
and of employment. We also heard evidence that
existing provisions, including the current insurance
moratorium, are inadequate and that a simple
solution would be to insert a provision of protection
against genetic discrimination into the Single
Equality Bill. To date, the government has excluded
protection against this or other types of genetic
discrimination from that Bill or in other statute. In
the light of the advice from the Human Genetics
Commission might the government reconsider this
issue and, if so, how would they define genetic
discrimination?
Dawn Primarolo: I suppose the answer is it is because
we could not be precise about what might happen—
the last question—is why the decision not to put it
into an equalities legislation on discrimination—
because we are talking about what might happen and
how we need to be very precise on that—so
struggling, as we often do, across all forms of
legislation about how to put into legislation the
necessary protection is why the government rejected
it into the Equalities Bill. There is also evidence which
I know you have had about if protections appear to
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be necessary and are necessary would anti-
discriminatory legislation be the best route or, for
instance, data protection and approaches through
that route. So the government’s current position is
still not to be reconsidered as far as I am aware and
not relevant for the current Equality Bill because of
the challenges. We need to continue to review this. I
heard what you said with regard to dissatisfaction on
whether the moratorium and agreement with the
insurance companies was working in a satisfactory or
in an intended fashion and I will certainly take note
of that, and whether or not in future we might need
data protection changes in order to stop the use of
data that would be considered not necessarily
acceptable by the legislature or our communities. So
that is really where we are now and it is a very diYcult
area and there are contrary views about what it is
precisely that we are intervening to stop and what is
the appropriate way to do that.

Q899 Baroness O’Neill of Bengarve: I hear the
reasons why you might think it does not belong in the
Equalities Bill but just on the point of the
moratorium and the current working of the
moratorium, is it really feasible that the data
protection approach could address that, given that
the response of companies is simply to say, “You do
not have to purchase this insurance but if you do it is
a condition of this insurance that you share
information on any tests that is taken”?
Dawn Primarolo: The advice to me has been that the
moratorium is working and it is satisfactory, but in
the light of your comments I will certainly go back
and look again.

Q900 Baroness O’Neill of Bengarve: We have heard
evidence that people are being deterred prospectively
from taking tests because it is only a moratorium and
they fear that at some future point they could be
caught on that.
Dawn Primarolo: I can understand exactly the point
you are making about whether there needs to be
clarity so that a moratorium and a voluntary
agreement, where we can get that and it delivers, is
the sensible way forward, but if there is a sunset
clause so to speak on when the moratorium operates,
whether that inadvertently gives an indication that
that material might become available at a later stage.
We need to address that; I can see exactly the point
you are making, but that is beyond the preparation
before me today in that, as I said, we were advised it
was working during our negotiation of the
moratorium, but I will take it away. But I hope you
accept the comments with regard to the Equalities
Bill at this point but that it is not a matter that we are
ignoring—it is a very important issue that ties into all
the other discussions we have had about research and

use and the linking of data and clinical trials. It all
really comes to the same point, the purpose of
information, use of data.

Q901 Baroness Finlay of LlandaV: Before I start, my
Lord Chairman, may I apologise for not being here
from the outset. The government has recently
reasserted the value of the Human Genetics
Commission as an advisory body to the government
on genetics issues, and has issued revised terms of
reference for the Commission. However, Human
Genetics Commission’s expert advice has not always
been taken up, for example on legislation to prevent
genetic discrimination. Are there weaknesses in the
relationship between the government and the Human
Genetics Commission and are there any corrective
mechanisms that are required?
Dawn Primarolo: I am not aware of any weaknesses.
The Commission provides advice to ministers and
that is made public and if ministers decline that
advice along with other advice they get then that is a
process that is transparent, as the discussion we have
just had. What I also think is very important is that
the Commission has the independence as well that it
has, in order for it to be able to conduct the work and
to have the support and respect that for such an
important role is necessary. So I think inevitably in
that there are going to be times—and we will have to
be very clear on when or why a minister declined to
act on advice or had a diVerent interpretation or
reason for not taking that advice. But we have been
clear on that basis and I think it is much more
important that we preserve the independence,
however uncomfortable on diVerent issues that may
be now or in the future for ministers around
particular topics. So I think it is the only way to
proceed and therefore I do not think there is a need
for any further clarification.

Q902 Baroness Finlay of LlandaV: And when the
government has not taken advice has there been a
dialogue back from the Commission?
Dawn Primarolo: Yes. In fact there have been times
when ministers have asked the Commission to
provide advice on something that the ministers
needed advice on that would not naturally have come
in the work plan that had already been agreed. So
there is that dialogue and interaction but with a
respect for independence as well, drawing on
expertise and oVering advice. As you know, we get
advice from lots of places and it is important to give
all of those due consideration and to reflect back any
disagreement if that advice is not to be acted upon.

Q903 Lord Winston: I must declare an interest with
this next question as the chairman of a board of a
struggling spinout company at Imperial College that
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is trying to maintain an interesting piece of biotech,
which as a scientist I think is interesting. The
government has already clearly recognised the
essential need for encouraging innovation and
translation in practice by increasing funding for
public and private partnerships. Are there plans to
continue or to increase that or do that with such
partnerships which are perhaps ailing at the moment
or are struggling to find funding?
Lord Drayson: Yes, absolutely. The example you have
described from your own experience, Lord Winston,
is I am afraid indicative of some very challenging
economic circumstances in which many of our most
innovative biotechnology early stage pharmaceutical
companies find themselves, which is that there is a
serious lack of venture capital funding due to the
global credit crunch. This is something about which
the government is very concerned. We look forward
to receiving Sir David Cooksey’s report in reviewing
the overall status of the industry later on this week,
but central to the eVect and development of
innovative medicines and, if I may say so, in
particular in the case of developments from the field
of genomics is the vital importance of this public/
private partnership and the relationship between the
academic research base, the NHS and the early stage
development into the large pharmaceutical industry.
We are looking at this from the perspective of what is
it that we can do to help companies survive what is
going to be this diYcult funding environment, both in
terms of the funding itself but also looking with some
seriousness at the nature of the relationship between
the academic centres and those early stage
companies. A model which has been proposed, which
I find really quite interesting, is that in these times of
increased economic turbulence the university, the
medical school provides, it has been described as an
oasis of calm which allows these innovative
developments to be taken a little bit further to reduce
the risk to prove them to a greater degree than had
been hitherto possible. So we are looking at that as a
particular model which may be more appropriate in
these more diYcult circumstances, in terms of the
previous model we have seen in terms of the
technology transfer processes which have been
applied. We are very keen to encourage this. The
MRC is very active in it. Just this week it is launching
a new collaborative scheme. We need to do more. The
Technology Strategy Board is the key board,
independent of ministerial direction, which identifies
areas of focus, which identifies that the area of
genomics is a priority, but I think we are going to have
to be really quite innovative in thinking about the
relationship between our medical schools, our
research base and the early stage industry as we go
into this. We have a real opportunity—because this is
not a peculiarly British problem—because of the

strength of what we have to actually improve our
relative position to some of our competitors, for
example in Europe and the United States, if we do a
better job of allowing this co-development process
between industry and the academic environment.

Q904 Lord Winston: One of the things that I would
like to flag up with you very, very quickly is the fact
that one of the unexpected costs really in a way is the
need to protect IPR, which is actually quite expensive
and in my case we are having to slim down a
portfolio, and in one situation with one piece of one
patent a university in the United States is prepared to
support this, which will mean the loss of the IPR of
course to us and we will then have to be a licensee if
we want to use that intellectual property. I just
wonder whether or not there could be help with some
of those legal issues because that might make a very
big diVerence to companies. This is something to
think about; I do not think we need a response now
particularly, but it is an issue. I think the Committee
was particularly concerned to look at genetic tests for
new and existing medicines and I wonder whether or
not you might answer on that aspect where there
might be a link with the pharmaceutical industries
because I do not see enough of that perhaps
happening at the moment in the university sector,
which is struggling. Is there more that could be done?
Lord Drayson: I think that for more to be done there
has to be greater clarity by the pharmaceutical sector
of the pace and the strategic sense of that pace from
the NHS as a whole. It is clear signals about the likely
future procurement policies, a sense of the rate at
which these new genetic tests could be eVectively
rolled out to give a company some confidence that if
these tests were developed they would be supported
in terms of their clinical application. I think that
signposting of future potential would make a
significant diVerence to the allocation of resources.
As we see, this is an area which is developing very
fast, it is a very complex area and there are some
really quite challenging ethical and technological
barriers to be overcome. Therefore, if we could
provide that clarity and, as I say, a clarity throughout
the healthcare system, that would be a strategic
advantage to us in the development of innovative
medicines here in the United Kingdom and the
location of the intellectual property here in the
United Kingdom which would then allow us to
exploit that into the wider global market.

Q905 Chairman: That is a very important point
because if you look at the United States where we
heard there is mushrooming of private companies
trying to develop genetic tests for marketing and they
work with academia to do this and they do not have
the advantage that we have with our NHS to be able
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to test these, and yet we do not seem to have the
necessary coordination required here for these
companies to develop here and the numbers that do
are pretty tiny.
Lord Drayson: That is why this is a real opportunity
for us. As you have heard, Lord Chairman, NICE has
been asked to think about this, having this clarity of
the development pathway, a real partnership between
the view of the NHS and the industry, such that the
industry can have confidence that as it makes the
investment, that investment, if the development is
successful of course, would lead to real application
within the NHS system and that the feedback loop,
which would then be generated in terms of the further
generation of data, the proved clinical practice,
would create in the United Kingdom a global
leadership position, which would then attract
pharmaceutical industry investment to the United
Kingdom and this is something which in this diYcult
economic environment is a real potential for us to
achieve if we can provide this clarity and strategic
direction.
Dawn Primarolo: Can I just say that recently
discussions between myself as well, post PPRS, with
the pharma companies is looking specifically at the
points that you have raised and that Lord Drayson
has also identified, that we are talking with them
jointly and separately as departments on how we use
the mechanisms we have to achieve the sort of
objectives that you want to see. Lord Drayson is right
that there is a big gain for us and so those discussions
are there on how we might take that forward.

Q906 Lord Warner: Perhaps I could just pursue that.
My question was really in the area that Dawn
Primarolo has just mentioned. We have had evidence
from big pharma in this area and they have to some
extent got themselves locked into the blockbuster
model, which, if you were unkind, you could say was
the blunderbuss model compared with the more
targeted personalised medicine that you can get out
of genomics with the right tests. There is an issue, I
think, about whether or not the PPRS system is
actually flexible enough to give the kind of incentives
to move away from blockbuster models into more
personalised medicines, which go with genetic tests,
accompanying genetic tests. Can you say a little bit
more about whether any work is going on in that
area?
Dawn Primarolo: Of course, yes, the partnership
between the pharma industry and the NHS, as you
know, and collaborative projects are much wider,
although a key point is the PPRS and the
negotiations between us. Now that the PPRS is
concluded we are able to concentrate much more on
the types of partnerships we already had but going
forward with what is necessary to give some certainty

of direction of travel and to achieve the sort of things
that Lord Drayson was talking about in bringing to
the UK and using the opportunities now the ability
to look forward ten, 15, 20 years in terms of needs of
health systems and developments that we can clearly
see there. But that is at the early stages so I would not
want to overstate that. But I do not see that the PPRS
acts as a block on any of that work; if anything,
opening up through the ministerial group with which
you would have been familiar, and the individual
negotiations with companies and the work that we
support DIUS in doing wherever we can, in linking
those developments.
Professor Davies: I was going to add that in the new
PPRS there is this issue about value pricing and that
is clearly open for the genomics bit, that if you can
show that you can stratify an intervention using
genomics then it will be subject to that debate for
value pricing. So there is even an incentive there.
Dawn Primarolo: And the further work of NICE, of
course, that we have already agreed to do at the next
stage review.

Q907 Chairman: My question now is about the
Technology Strategy Board. Hitherto it seems to
have little or no involving in genomic technologies as
they might aVect healthcare. Should it have that
involvement in its future work or should it be asked
specifically to do so?
Lord Drayson: I think it is important for us to
recognise that the Technology Strategy Board was set
up to be able to advise on which areas of science and
technology the United Kingdom had a strategic
advantage, where there was growth potential, where
it would be able to address the challenges that our
society faced independent of ministers. Therefore the
role of the Technology Strategy Board is to take input
from the partnerships, from industry, from the
science base and independently identify those areas
of focus and hitherto it has identified genomics as a
priority but it has not identified it as a technology
platform in the way in which it has for other areas. In
speaking to the Technology Strategy Board they say,
“Genomics is included in some of the other things
which we are supporting, like the technology
platform around infectious agents.” I think there is a
case—as I say, it is not under the direction of
ministers—I think that this Committee is usefully
shining a light on this area. It is clearly an area where
the United Kingdom has real global leadership; it is
an area where the United Kingdom also has this
unique advantage of the assets of the NHS and the
structures which we have in the Department of
Health. The question is: can we find better ways to
support the development of innovative medicines
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21 January 2009 Rt Hon Dawn Primarolo, Professor Dame Sally Davies,
Dr Mark Bale and Rt Hon Lord Drayson

and wealth in this country through the exploitation of
those assets and that is certainly something into
which I am urging the Technology Strategy Board to
look further.

Q908 Chairman: Thank you. We are very grateful to
you all for the evidence today and I hope that you will
find our final report, when we get to write it, and our
gentle recommendations, helpful and able to take on
board. So hopefully you will find that it is a helpful
report.
Dawn Primarolo: That is a strong steer for taking
advice.

Supplementary Memorandum by the Department of Health (DH)

Future arrangements for the Genetics and Insurance Committee (GAIC)

I am writing to inform you, as Chair of the Lords Inquiry into Genomic Medicine, that, after careful
consideration, I have taken the decision that the Genetics and Insurance Committee (GAIC) should be
disbanded once we have agreed alternative arrangements to cover its remaining remit.

The debate on genetics and insurance has moved forward significantly since GAIC’s establishment in 1999.
There is now a more sophisticated understanding of the significance of predictive genetic test results for
insurance purposes and the Concordat and Moratorium on Genetics and Insurance has proven more
successful than we ever hoped.

The Government and ABI have agreed to extend the moratorium until 2014 and the ABI have recently
reaYrmed that it has no plans to submit further applications in the foreseeable future. As a result, I feel that
this would be a timely moment in which to reassess how we address genetics and insurance issues in the future.

The Chair of GAIC, who has already met with my oYcials to discuss this matter, has helpfully undertaken to
work with them to resolve any outstanding business and to put in place alternative arrangements.

I will ensure that you are kept informed of progress as this work is taken forward.

28 April 2009

Q909 Chairman: I have to say that sometimes we got
the feeling that maybe the whole area of genomic
medicine, shall I say, might have been low priority in
the Department of Health thinking, but maybe it is
now moving gradually to higher priority and I hope
our report does help to do that. We are very grateful
to you, both ministers, Ms Primarolo and Lord
Drayson, Dame Sally and Mark too, for helping us
with this. If there is any further information you
would like us to have please feel free to send it to us.
Dawn Primarolo: Thank you very much; we look
forward to your report. Thank you for a very
interesting and challenging morning’s discussion.
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Written Evidence

Memorandum by the Academy of Medical Sciences

1. The Academy of Medical Sciences welcomes the opportunity to respond to the House of Lords Science and
Technology Committee Inquiry into Genomic Medicine. The Academy’s core objectives are to promote
advances in medical science and to ensure these are converted as quickly as possible into healthcare benefits
for society. We would be pleased to expand on any of the points outlined in this submission and to assist the
Committee further in its Inquiry.

Background

2. Genomic medicine holds the promise to revolutionise care and prevention of common diseases. While
genetics is the study of single genes and their eVects, genomics is the study of the functions and interactions
of all the genes in the genome. The science of genomics applies to common conditions such as cancer, diabetes,
cardiovascular disease and mental illness—all conditions that are due to the interactions of multiple genes and
environmental factors. Genomic techniques allow the identification of predisposing or protective genetic
factors for these diseases—for the first time in history, health and disease can be defined by “molecular
fingerprints”. Using genomic information it is possible to: design more eVective drugs; screen and diagnose
disorders more eVectively; prescribe the best treatment for each patient; identify and monitor individuals at
high risk from a disease; and avoid adverse drug reactions. Although the promise of genomic medicine has yet
to be fully realised, new genetic discoveries bring the reality of this promise ever closer.

3. The most exciting advances relevant to genomic medicine come from the recent explosion in Genome Wide
Association (GWA) studies. These studies involve rapidly scanning polymorphic markers across the complete
genomes of large numbers of individuals to find genetic variations associated with a particular disease. These
typically involve 300,000–500,000 or more single nucleotide polymorphisms (SNPs). GWA studies have only
become possible in recent years due to advances in DNA sequencing and genotyping. These new
methodologies have accelerated the rate at which genomic data can be generated, whilst at the same time
reducing the cost. For example, new sequencers from Roche, Illumina or ABI can sequence many thousands
of base pairs of DNA in a single run lasting 1–5 days. As a result, the number of identified genetic disease
markers has risen from only a handful in 2002 to over 100 in 2007, including robust information on genetic
markers for diabetes, heart disease, Crohn’s disease and several cancers.1

4. In addition to the association between SNPs and human disease, copy number variation (ie individual
diVerences in the number of copies of a particular gene or genomic region) is also likely to influence
predisposition to some common diseases. Very high frequencies of copy number variations have been
documented at many diVerent sites in the human genome.2 It is estimated that up to 8 per cent of live births
have congenital malformations, of which at least 50 per cent have underlying genetic causes, including those
described as copy number variants, as well as duplications and deletions. The societal costs of congenital
malformations is high, and there are strong arguments to use array CGH (comparative genomic
hybridisation), MLPA (multiplex ligation-dependent probe amplification) and other genome sequencing
technologies to test aVected babies. It is only by identifying the mutated genes and genomic regions responsible
that we can understand the biological pathways involved and so develop new treatment modalities.

5. Consideration of genomics must also include the role of epigenetic changes in disease, particularly later
onset diseases and cancer. Epigenetic changes do not alter the underlying genomic sequence, but instead,
stably modify the DNA and chromatin proteins associated with the sequence, thus aVecting gene expression.
Such changes can be increasingly readily assessed using methylation status and chromatin structure studies.
Understanding the potential role of epigenetic changes in mediating gene-environment interactions is a key
research question that is being actively pursued. In the future, it is possible to envisage chromatin-modying
drugs that could repair/induce epigenetic changes.

6. Importantly, the ability to interpret genomic data accurately, and to use this information to develop
interventions to prevent or treat disease, still requires a great deal of research eVort. Furthermore, it is far from
evident that the UK environment for translating advances in genomic medicine into healthcare practice is
1 Feero et al. (2008). The genome gets personal—almost. JAMA 299, 1351–1352.
2 Pinto et al. (2007). Copy-number variation in control population cohorts. Human Molecular Genetics 16, R168–R173.
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optimal. The OYce for the Strategic Co-ordination of Health Research (OSCHR) will be a key structure in
underpinning the necessary new era of collaboration between academia, industry and the NHS. Investing in
this area could reap dividends if a solid large-scale infrastructure for genomic medicine is developed in the UK
that could then be marketed to other countries.

7. In this submission we focus on the translation of genomics into healthcare in the following areas:

— Risk factor prediction and prevention of disease.

— Diagnostics, pharmacogenetics and stratified medicines.

— Pathogen genomics.

— Genetic privacy and education.

Risk Factor Prediction and Prevention of Disease

8. While the GWA approach is a potentially powerful way of identifying genetic factors associated with
disease, it can be problematic for a number of reasons. For virtually all of the genetic loci identified through
GWA studies, the eVect sizes are modest in some cases (ie a relative risk of x1.3–1.5) and small in most cases
(relative risk of x1.1–1.3).3 These eVect sizes support the view that many diVerent genes play a role in genetic
susceptibility to common diseases, but it means that very large sample sizes are needed for GWA studies.
Further problems include the potential to over-estimate true eVect sizes (ie to generate false positives) through
the sheer number of statistical tests performed, or to under-estimate eVect sizes because the causative variant
is not directly measured. Many of the associations identified by GWA studies to date have not involved genes
previously suspected of being related to the disease under study, and some have been in genomic locations
harbouring no known genes. This lack of information on gene function, together with poor data on how
genetic risk factors combine with environmental risk factors, insensitivity to rare genetic variants and possible
biases due to case and control selection, are further important limitations of GWA studies.

9. In bringing this knowledge into the clinic, doctors and scientists need to understand the limitations
described above to be able to interpret GWA results accurately for themselves and for their patients. There are
also important issues around how predictive risk information can be most eVectively utilised over an
individual’s lifetime. At a more fundamental level, harnessing the power of genomic medicine will require a
shift in the UK health care delivery system and incentive structures, which are currently focused on “sick care”
rather than disease prevention.

10. The use of GWA findings to design “gene tests” for individual disease risk—already being marketed
commercially—can be problematic. There is still relatively little information on how the prevalence and risk
contribution of genetic loci vary amongst individuals, or how the inheritance of multiple markers aVects an
individual’s risk for various diseases. Using a gene test to predict disease risk will also require evidence that
the test adds to information on known risk factors (eg age, obesity, family history), that eVective interventions
are available, that improved outcomes justify the costs, and that there are no adverse consequences for patients
and their families.

11. Rather than predicting individual disease risk, the primary use for GWA studies in the near future is likely
to be in predicting disease risk in population groups. Preliminary data generated by groups at the Wellcome
Trust Centre for Human Genetics in Oxford have shown significant levels of relative risk in “high-risk”
population groups.4 For example, from these data, the top 5 per cent of the population at risk from Crohn’s
disease have a relative risk of 5–8; the top 1 per cent have a relative risk of 9–15 and the top 0.1 per cent have
a relative risk of 17–29.5

12. Making the simplifying assumption of independence across diseases, then simple probability calculations
show that across 50 diseases:

— x95 per cent of people will be in the top 5 per cent of genetic risk for at least one disease.

— x40 per cent of people will be in top 1 per cent of genetic risk for at least one disease.

— x5 per cent of people will be in the top 0.1 per cent of genetic risk for at least one disease.

Therefore, while the predictive power of genomic tests for any one disease might be limited, for most people,
across 50 diseases, there will be a few diseases for which the individual is at particularly high risk. Personal
genomic screening might therefore be more usefully viewed as a way to identify the two or three diseases for
which an individual has the highest risk.
3 See for example, Wellcome Trust Case Control Consortium (2007). Genome-wide association study of 14,000 case of seven common

disease and 3,000 shared controls. Nature 447, 661–678.
4 See http://www.wtccc.org.uk
5 Professor Peter Donnelly FRS FMedSci (personal communication).
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13. Identifying at risk population groups also has important implications for disease screening, particularly
in cancer. GWA findings can be used to guide cancer risk profiling strategies, for instance to determine the size
of the population that should be screened to identify a given proportion of cancer cases. This is important
where screening is expensive; screening mechanisms that are currently too costly, such as MRI for breast
cancer, might be made more attractive if they are applied to only a proportion of the population.

14. Overall, harnessing the opportunities of genomic medicine in risk factor identification and disease
prevention will require the development of novel statistical approaches to integrate complex data sets,
construct detailed molecular “signatures” of disease and develop predictive models of risk and outcomes. This,
in turn, will require researchers’ access to high quality data from prospective studies and disease registries,
which raises complex questions around data privacy and confidentiality (see paragraph 26). Selective screening
procedures will also requires more education of patients and the general public on risk and benefit.

Diagnostics, Pharmacogenetics and Stratified Medicines

15. There is a strong case for innovation in the application of genetics and genomics to diagnostics—to create
a new era of “molecular” diagnosis that can facilitate stratification of patient populations, generate more
precise identification of disease states, and lead to more eYcient use of drugs. It is possible to envisage a
molecular pathology laboratory of the future, which is at the hub of clinical genetics, cytology, haematology
and pathology services.

16. But there are several obstacles to the optimal translation of genetics and genomics in the NHS. For
instance, there is the problem of current hospital structures, where clinical genetics, pathology, cytology and
haematology are served by discrete operations. Multiple diVerent decisions on commissioning new diagnostic
tests, taken by multiple diVerent Trusts and PCTs around the country, can also stifle innovation.

17. Traditionally, diagnostic tests have simply been required to measure their target variable accurately and
reliably. However, the new breed of molecular diagnostics will need to demonstrate clinical utility, ie that
knowing the outcome of the diagnostic test allows better clinical practice. This will require a review of current
paradigms for developing, testing and regulating new diagnostics. The current regulatory system lacks a clear
pathway for molecular diagnostics and several questions remain to be resolved:

— Who should regulate the development of these tests?

— How will the regulatory framework cope with tests for many diVerent genetic biomarkers that have
varying degrees of utility?

— How will the regulatory framework adapt to allow for iterative changes during product
development?

— Will molecular diagnostic tests be carried out by NHS clinical laboratories or private companies?

— Will trials for clinical utility of new molecular diagnostics be undertaken by diagnostic companies
or the health service?

— How will the extra costs of testing for clinical utility be borne and reflected in pricing?

Furthermore, thought must be given to intellectual property issues in the development of molecular
diagnostics—a key factor in ensuring that companies are incentivised to innovate in this field.

18. The promise of pharmacogenetics and stratified (or personalised) medicines—to optimize eYcacy of drug
treatment through identifying responders and non-responders and to reduce adverse drug reactions—has
received much attention in recent years. This field has been explored in a recent publication from the
Academy’s FORUM with industry, “Stratified medicines”. This report concluded that stratification is
desirable for patients and healthcare systems, but cited considerable challenges associated with tackling the
regulatory, investment and structural obstacles:

— There is often a barrier in defining stratification prior to drug registration because of the diYculty in
developing a therapeutic and diagnostic simultaneously.

— There may be relatively little incentive for diagnostic companies because of problems with protecting
intellectual property and the cost of demonstrating clinical utility (see above).

— There may be relatively little incentive for pharmaceutical companies in “post-approval”
stratification because their current commercial environment lacks pricing flexibility.

— The research structure with which to assess clinical utility does not always exist (see above).

19. With regard to improving the regulatory and investment framework, it is important to devise new
incentives for companies to develop therapeutics (pricing flexibility linked to demonstrable value) and
diagnostics (new approaches to patent protection and support for clinical development programmes). The
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Cooksey Review proposal on conditional approval—allowing new drugs in NHS priority areas to be made
available to patients following preliminary safety studies and proof of eYcacy—may provide one means to
become more flexible in assessing the value of stratification and, thereby, advance genomic medicine.6

20. Alongside the need for regulatory reform, there are significant new opportunities for public-private
partnership to establish clinical utility in genomic medicine. These opportunities include:

— Greater academic involvement in generating fundamental knowledge in exploratory drug
development (for example, identifying biomarker signals).

— The use of public infrastructure for clinical trial sample collection to inform the conditional approval
process, assist pharmacovigilence and develop a better framework for diagnostic evaluation.

21. There is an additional strategic issue for oV-patent drugs. While it is clear that the public sector has a major
interest in supporting research, if there is to be public-private partnership to generate pharmacogenetic data
for oV-patent drugs, then it is necessary to be unambiguous about the nature and quality of the evidence
required and who pays to collect it.

22. Pharmacogenetics has already been translated into clinical practice in some instances, for example the US
Food and Drug Administration (FDA) recently altered the labels of both warfarin and carbamazepine to
encourage healthcare professionals to consider pharmacogenetic testing prior to prescribing these drugs in
certain situations. DNA microarray technology provides a powerful tool for molecular classification of disease
states and personalised disease management. Such technology can be used to classify tumours according to
their gene expression “signature” and thus guide treatment—this is already under way in breast cancer
patients. A range of other genetic factors have also been identified that could be used to define responsive
populations for drug treatment, for example Bcr-abl and Gleevec; Her-2 and herceptin; B-adrenoreceptor and
B-agonists; FcRa IIIa and CD20 antibody; and EGF receptor and Iressa.

23. Genomic medicine is rapidly advancing our ability to identify novel drug targets for eYcacy. But some of
the technology platforms underpinning the development of genomic medicine (transcriptomics, proteomics,
metabolomics) are also proving increasingly useful in both pre-clinical and clinical studies in the safety
assessment of new drugs, as discussed previously in the context of stratified medicines. The broader scientific
opportunities and the implications for regulatory authorities and policy-makers are discussed in the
Academy’s Forum report “Safer Medicines” (2005). Advances in this area promise to aid the detection of
safety signals or characteristic molecular fingerprints that define potential risks by improving the speed,
sensitivity and specificity of analysis. Such advances may make it possible to achieve some reduction in the
number and duration of exposure of animals used in safety tests and, in addition to their ability to contribute
directly to patient safety, may help to diminish the currently high rate of attrition in new the development of
new medicines.

24. Extensive collaboration is required between pharmaceutical companies, academia and the regulatory
authorities to validate new technologies. This will require companies to share safety data and to engage in new
pre-competitive joint research in the UK and internationally. Other implications for building international
networks and large databases are described further in the “Safer Medicines” report. Overall, the incorporation
of pharmacogenetic methods into clinical trial methodologies (in both the public and private sector) could do
much to improve safety and eYcacy outcomes.

Pathogen Genomics

25. The contribution of genomic medicine to improving public health should not be seen as limited to research
on the human genome. Advances in our understanding of pathogen genomics are creating many new
opportunities (in diagnostics, therapeutics and vaccines) to tackle infectious diseases where there are unmet
medical needs and major threats to public health, eg the growing problem of antimicrobial resistance and the
prospect of pandemic influenza. A recent joint Academy of Medical Sciences/Royal Society meeting,7

building on the previous joint report “Pandemic influenza: science to policy”,8 highlighted several unresolved
issues for influenza pathogen genomics research and innovation policy that are generalisable and highly
relevant to the questions posed in this inquiry. For example:

— There is need for international eVort to improve the sharing of human pandemic influenza virus
genetic sequences and to encourage collaborative research.

6 http://www.hm-treasury.gov.uk/media/4/A/pbr06 cooksey final report 636.pdf
7 For a report of the symposium see: http://www.acmedsci.ac.uk/p101puid122.html
8 To download the original report see: http://www.acmedsci.ac.uk/p99puid89.html
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— It is important to ensure that sequence data are used optimally for novel diagnostic and vaccine
development—this raises issues for incentivising companies, protecting intellectual property and
sharing benefits.

— Concomitantly, there is need to facilitate the regulatory framework with clear standard setting to
expedite the development of novel products.

— Greater integration of clinical databases by researchers and research funders would help to improve
assessment of the determinants of therapeutic responsiveness.

Genetic Privacy and Education

26. The promise of genomic medicine is accompanied by the challenge of protecting the privacy of genetic
data and the threat of genetic discrimination. The use of personal information in medical research has been
discussed in the Academy’s 2006 report “Personal data for public good: using health information in medical
research”. That report argued that protecting individual privacy should not be at the expense of the important
public benefits that are derived from research.

27. Further consideration must also be given to how genetic information impacts on insurance and
employment etc. Research institutions in the US continue to advocate for federal legislation to prevent genetic
discrimination by employers and health insurance providers; discussions at the UK and European level will
also be needed on this issue.

28. The realisation of genomic medicine will ultimately depend on educating both healthcare professionals
and the general population. A recent US study by the RAND Corporation concluded that the primary care
workforce, who will be required to be on the front lines of the integration of genomics into clinical practice,
feels “woefully under-prepared to do so”. The RAND study also revealed a lack of basic knowledge about
genetics amongst health professionals and therefore a lack of confidence in interpreting genomic data. As well
as raising general levels of knowledge in the healthcare sector, a significant investment will need to be made
in training more specialist genetic counselors. Ultimately, there is a need to: integrate genetics and genomics
professionals into the health care workflow; develop genomic decision-support tools for health care
professionals; and incorporate complex diagnostics into evidence-based clinical guidelines as appropriate.

The Academy of Medical Sciences

The Academy of Medical Sciences promotes advances in medical science and campaigns to ensure these are
converted into healthcare benefits for society. Our Fellows are the UK’s leading medical scientists from
hospitals and general practice, academia, industry and the public service.

The Academy seeks to play a pivotal role in determining the future of medical science in the UK, and the
benefits that society will enjoy in years to come. We champion the UK’s strengths in medical science, promote
careers and capacity building, encourage the implementation of new ideas and solutions—often through novel
partnerships—and help to remove barriers to progress.

April 2008

Memorandum by the Advertising Standards Authority

I am writing from the Advertising Standards Authority (ASA) in relation to a reference made to the ASA
during the House of Lords Science and Technology sub-committee II hearing on genomic medicine, which was
held on the 19 November.

The ASA is the self-regulatory body for ensuring that all ads in paid for space anywhere in the UK, are legal,
decent, honest and truthful. We work closely with the Medicines and Healthcare products Regulatory Agency
(MHRA) on regulating the advertising of medicines and medical devices.

I understand that a representative from the MHRA, Mr. Richard Gutowski, gave evidence to sub-committee
II on the 19 November. According to the transcript from this hearing, Mr Gutowski was asked the following
question by Lord Taverne:

Lord Taverne: “I want to ask a question about the claims made by some of the companies that
provide Direct to Consumer tests on their websites—claims such as: “Genetic tests can enable you
to live longer, feel and look better and slow down ageing”, and that genetic tests “provide your map
to better health”. On the face of it, that is something for the Advertising Standards Agency. Do you
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think it is their role to look after this, and if so will your agencies provide the expert specialist support
to investigate such claims?”

Mr Gutowski: “The short answer to your question is yes, we do regard it as the role of the ASA and
we will provide and have provided specialist support to the ASA when they have undertaken
investigations with regards to claims made by medical device manufacturers or service providers.”

Whilst Mr Gutowski is correct that the ASA and the MHRA work closely to regulate ads for genetic tests, the
ASA has no remit to regulate claims made by companies on their own websites. The online remit of the ASA
currently extends only to ads in paid for space and some sales promotions on websites. However, general
website content is beyond the remit of the ASA. The full Advertising Codes can be found on the Committee
of Advertising Practice (CAP) website, at www.cap.org.uk.

The sub-committee may be interested to know that the advertising industry is currently looking at the future
of online advertising regulation. The Advertising Association (AA), on behalf of the advertising industry, has
set up a Digital Media Group, which is tasked with proposing measures to extend the remit of the present
regulatory system for advertising to all types of online media marketing communications. More information
about the Digital Media Group can be found on their website at www.digitalmediagroup.co.uk.

On a related note, the ASA has engaged with the Human Genetics Commission (HGC) on the regulation of
advertisements for genetic testing kits and I thought it might be useful to clarify the ASA’s role in that respect.
To date we have not come across any advertisements for these kits in the media we regulate and this has been
confirmed by the HGC’s own experience. These products are generally marketed through a company’s own
website. In the event that such kits were promoted in advertising that fell within our remit, we would ask to
see a high level of evidence for any claims made and require the kits to be advertised in a responsible manner.

22 January 2009

Memorandum by the Almac Group

Policy Framework

Who is in charge of setting and reviewing policy in this area?

Medicines and Healthcare products Regulatory Agency (MHRA), Department of Health, Human Genetics
Commission, and parliamentarians (such as members of Health or Science and Technology Select
Committees). Also international policymakers (such as the EMEA, Organisation for Economic Cooperation
and Development, and the European Commission).

Who provides scientific advice on policy development? Who monitors and anticipates potential scientific developments
and their relevance to future policy? How effective are these mechanisms?

Bodies such as the Royal Society and the NuYeld Council on Bioethics.

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

In the EU the European Medicines Agency (EMEA) has clarified pharmacogenomic terminology and has
introduced a system of Briefing Meetings that allow sponsors and regulators to discuss pharmacogenomic data
at an early stage through the Pharmacogenetics working Group. A guidance document explaining how the
U.S. FDA and the EMEA will process requests for Joint FDA/EMEA voluntary genomic data submission
(VGDS) briefing meetings has been published (19 May 2006) (http://www.emea.europa.eu/pdfs/human/
pharmacogenetics/Guideline on Joint VGDS briefingmeetings.pdf)
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In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

How does the framework compare internationally?

Research and Scientific Development

What is the state of the science? What new developments are there? What is the rate of change?

Genomic-based technologies capable of analysing multiple genetic changes have been validated in a research
setting and in some cases in a clinical setting. However progress is extremely rapid in this field and we are likely
to see numerous new tests being launched in both an unregulated and regulated fashion within the next
three years.

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

A coordinated framework does not exist. However individual organizations such as Cancer Research UK are
currently developing a set of recommendations in this area. It is clear however that a coordinated approach
between government, the pharmaceutical industry, the diagnostic industry and academia is required.

How effective is the policy and investment framework in supporting research in this area?

Not at all eVective—There is a lack of understanding across the industry. Meaningful research, capable of
impacting on clinical practice is lacking in this field. The results is poorly designed individual studies being
funded that lack statistical power and as a consequence any hope of improving patient management. A
number of essential criteria should be considered in order to advance meaningful research in this field.

— Identify key areas in which genomic-based diagnostics can impact on the clinical decision making
process.

— Make sure that suYcient biospecimens exist for both the discovery and validation phase of
diagnostic test development (in some cases may require appropriate prospective clinical trials).

— Ensure that the genomic technologies in question (of which there are numerous) are suitably
validated (of which there are few) for clinical application.

— Make sure that the healthcare system is informed and willing to pay for tests based on genomic-based
technologies. These tests are likely to be lower volume high costs tests compared to the traditional
model of high volume low cost tests.

How does research in the UK compare internationally? How much collaboration is there?

What are the current research priorities?

What is the role of industry? How much cross-sector collaboration takes place?

Industry is fundamentally important in translating the new genomic technologies to enhance patient
management.

Translation

What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

There are a wealth of opportunities for diagnostics, therapeutics and prognostics given the advances in the
elucidation of the human genome. Technologies such as PCR and microarrays are now making their way into
clinical practice within the diagnostics industry. The speed of progress has now outpaced corresponding
developments in terms of industry regulation and healthcare provision.
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Who is responsible for translation to clinical practice?

MHRA currently regulates medicines, devices, and advanced therapy medicinal products/tissue engineering,
which may arise from advances in molecular biology, genomics, gene therapy, and cell therapy etc.

Genomic research will lead to a new generation of medicines and an increasing number of specialised and
“personalised/ patient stratified” pharmaceuticals and/or (in vitro diagnostic) devices that will require
regulation. There are inconsistencies within the European regulations with responsibility for drug regulation
being located at the EU “level” while responsibility for medical and in vitro diagnostic pharmacogenetic/
genomic tests residing with the member states competent authority. There is therefore the potential for delay
of regulatory approvals of drug and devices which are co-developed or which impact on one another in the
marketplace.

Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

How does the UK compare to other countries and what lessons can be learnt?

There is no specific centralised UK government initiative aimed at genomic research and development per se
within the UK. Rather areas or issues “accessory to/utilised in” genomic R&D such as tissue sourcing, usage
and storage (Human Tissue Act) and Genetically Modified Organisms have been legislated for separately.

In comparison in the United States the FDA have recognised the potential of genomic technology with respect
to new therapeutics, diagnostics, prognostics, etc and the potential impact on drug discovery through their
Critical Path Initiative (http://www.fda.gov/oc/initiatives/criticalpath/commentary.html).

FDA have also released several draft guidance and concept documents around genomic tests (http://
www.fda.gov/cder/genomics/regulatory.htm) detailing how to make voluntary genomic data submissions with
the intention of “. . . facilitating progress in the field of pharmacogenomics and genetics by helping to shorten
development and review timelines, facilitate rapid transfer of new technology from the research bench to the
clinical diagnostic laboratory, and encourage informed use of pharmacogenomic and genetic diagnostic
devices”.

How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation of
such tests?

Genetic tests based on genomic technologies have the potential to outperform conventional diagnostic
approaches. The ability to look at multiple genetic markers using microarray (DNA Chip) technology will
transform the diagnostics industry. At present these types of approaches are covered under the FDA’s
guidance document for in vitro diagnostic multivariate index assays draft guidance. No similar guidance exists
for the UK.

Biomarkers and Epidemiology

In what way do genome-wide association studies contribute to the identification of biomarkers? How is the study of
genetic factors and biomarkers integrated for translational purposes?

What impact will genomic data have on data emerging from projects such as UK Biobank, Generation Scotland and
other biobanks?

The provision of genomic data on samples contained within these biobanks will allow the cross referencing of
Clinical Data with the genomic data. Linking of genomic and clinical data will provide a data source that will
allow the clinical features of the samples and the genomic data to be mined together. This data mining and
bioinformatic analysis may lead to the development of new biomarkers and gene signatures for delineating
risk of disease, recurrence of disease or even stratifying which patients will respond to existing therapies.
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Memorandum by the Association of Medical Research Charities (AMRC)

The Association of Medical Research Charities (AMRC) welcomes the opportunity to submit evidence to the
House of Lords Science and Technology sub-Committee on genomic medicine.

Established in 1987, AMRC is a membership organisation of the leading medical and health research charities
in the UK. Its 115 member charities fund research to tackle diseases including heart disease, diabetes, and rarer
conditions like cystic fibrosis and motor neurone disease. In developing our response we have consulted with
our member charities and their comments have been incorporated. A number will have made their own
representation, given their experience in this field as funders.

It may be of interest to the committee to know that AMRC holds data on all research activity conducted by
our members. Our data shows that 16 of our member charities have or are funding genomic –type research
totalling £80 million between 1995 and 2006, of which £43 million was spent on specific programmes and
projects. Separately, the Wellcome Trust—AMRC’s largest member charity—spends a significant amount on
genetic and genomic research alone.

We would like to make the following general comments in response to the questions and issues raised by the
committee.

1. Policy Framework

1.1 In general AMRC and its member charities believe that the policy framework for Genomic Medicine in
the UK is inadequate.

1.2 There is a lack of cohesion around policies relating to the area and poor communication generally on the
emerging policy approach.

1.3 More specifically, the current regulatory framework on issues such as “consent” is in danger of having a
negative impact on research in this area and hamper progress in a number of areas by hindering the use of
existing samples, lowering recruitment rates, and increasing the cost and complexity of studies.

2. Research and Scientific Development

2.1 Genomic medicine is in its infancy compared to other areas of scientific inquiry. Nonetheless it is
important that the right balance is struck between advancing the basic science agenda while ensuring that this
is focused on ultimately delivering benefits in the greatest areas of patient need.

2.2 Some of our members have expressed the view that there is a strong case for developing a proper
investment framework on genomic medicine to ensure appropriate funding of agreed priorities.

3. Data Use and Interpretation

3.1 Although there would seem to be some value in developing a common, public database which is publicly
funded and linked to similar initiatives in other countries, it is important that appropriate safeguards are in
place to protect against abuse of such a database.

3.2 It is critical that any data is known to be reliable and credible before a safe and eVective database is
established for wider use. This is not the case currently: medical information is often not recorded in a suitable
format, due to confidentiality issues and diYculties in accessing medical information.

4. Biomarkers and Epidemiology

4.1 In general we believe that it is too early to tell in what way genome-wide association studies might
contribute to the identification of biomarkers.

4.2 A number of charities are working to address this issue through directional research funding for
identification, and to obtain the necessary evidence of clinical evaluation of new and complex biomarkers,
working with the Department of Health, MRC and industry.
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5. Use of Genomic Information in a Health Care Setting

5.1 AMRC and its member charities believe that genomic medicine has the potential to be useful as part of
individualised medical advice. However, provisions for ensuring that the individual will be able to understand
and manage genomic information will need to be put into place. Thus, use of genomic information would be
currently unregulated and therefore opportunistic. Once appropriate guidelines and parameters are in place
this will help doctors and individuals decide how meaningful genetic tests are.

AMRC and its member charities welcome the Committee’s investigation into genomic medicine and look
forward to its conclusions and recommendations. AMRC believes that the Committee’s inquiry will be useful
in establishing an agenda for the future action that could be pursued in a collaborative way by all interested
parties.

6 May 2008

Memorandum by the Association for Clinical Cytogenetics (ACC)

The ACC is the professional body representing Clinical Cytogenetics.

Background—Introduction

Cytogenetics is the study of the whole genome for chromosomal abnormalities their aetiology and risks; and
as such, investigates general phenotypic abnormalities such as mental retardation and developmental delay,
dysmorphism, infertility and reproductive problems and a spectrum of congenital abnormalities spanning the
range of organ systems such as heart, neuro-muscular, etc. Referrals come from all age groups: prenatal
diagnosis, children, adolescents and adults.

Cytogenetics investigates the presence of chromosomal abnormalities that are constitutional (germ-line) and
acquired (somatic in cancer) and provides both diagnosis and prognosis. Investigations include examination
of the whole genome by microscopic analysis of the chromosomes, together with complementary molecular
cytogenetic analysis targeting explicit syndrome related chromosome abnormalities or cancer markers at the
submicroscopic level. Whilst this methodology has been employed for decades, the recent development of
whole genome cytogenetic analysis by microarray technology, which gives very high-resolution
submicroscopic resolution, is starting to radically change laboratory practice.

Response

The ACC endorses the response from the Joint Committee on Medical Genetics and would like to emphasise
the following important issues:

Policy Framework

The rapid increase in knowledge, technology and consequent capability means it is not possible to predict and
plan accurately for the longer term. However, current scientific awareness does allow a reasonable prediction
of trends.

The infrastructure of specialist regional genetics centres and the culture of close collaborations between
clinicians, laboratories and centres has supported eVective genetic service development and delivery and must
be maintained. Benefits would be gained by improved connectivity for bioinformatics and IT.

The UK is one of the leaders in both genetics R&D and service. The recognition and investment from the
government via the White Paper “Our Inheritance, Our Future” ensured this position was maintained.

NHS processes can be protracted and care must be taken to ensure timely implementation of improvements
to service, which are implemented and funded in an equitable manner across the UK.

The NHS Genetics Team (England) and GenCAG are involved with policymaking. Information and
recommendations are obtained from various genetics groups such as UKGTN, JCMG and professional
bodies including ACC together with input from academic/clinical experts either independently or as part of
an expert working group. These advisory groups can be specialist and it is increasingly important to ensure
that feedback is evaluated in a broad strategic context and incorporated into a “joined up” national
genetics strategy.

As genetics involves the wider family, commonality across UK regions and countries is preferable.
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European (or wider) involvement currently relies on individuals identifying and joining appropriate
committees and networks. This area needs to be strengthened so there is structured and comprehensive
involvement of a national position.

Research and Scientific Development

We value the government’s recognition of genetics in medicine and support via the genetics knowledge parks
and reference laboratories. We also support the establishment of external oversight groups for these bodies to
ensure appropriately targeted workplans and eVective strategies for timely dissemination of outcomes to
inform UK service laboratories. Also these oversight groups should be able to provide independent external
advice to DH.

The fast pace of change means there is a need for faster validation and eVective feedback of findings to the
diagnostic community from designated R&D groups.

We support the proposal from the Royal College of Pathologists that the government and DH should give
greater priority to the evaluation of diagnostic tests; to evaluate the expected benefits of new tests for patients
vs cost, and make recommendations for the funding of cost-eVective new tests in an equitable manner across
the UK.

We emphasise the point made by the Joint Committee for Medical Genetics, that the NHS Research and
Development funding, which is coordinated by the National Institute of Health Research, excludes all
proposals linked to laboratory medicine. And other sources are not addressing this funding gap. This is a
weakness within the current system that needs to be rectified.

Data Use and Interpretation

We are in an era of producing vast quantities of genetic data on patients.

Genetics IT systems should support:

— Managed collation of UK data to increase specific datasets (eg normal variation within our
ethnically diverse population) and hence assist with interpretation—there should be mechanisms to
ensure these datasets are quality managed.

— Appropriate networking across genetics and with NHS patient administration systems.

— Suitable storage of data, since genetics problems span generations.

Data access and use must be controlled to ensure confidentiality of what are very sensitive data. There must
be clarity as the purpose of these data, in that they are obtained with informed consent to benefit the health
of patients and their families; and hence are not available to other parties for commercial or potentially
disadvantageous applications (eg assessing insurance risks).

Translation

New technologies such as cytogenetic microarray analysis are already proving themselves with an increase in
abnormality detection and improved diagnosis. However, this technology and the new high-throughput DNA
sequencing technology, are also identifying non-pathogenic genetic imbalance and variability. The pace of
clinical integration will not be limited by the rate of technology development, but by our ability to accurately
interpret the resulting data and recognise normal variations, and potentially false positive results.

The White Paper investment has meant that UK Genetic Centres are well-equipped for cytogenetic microarray
analysis, and high-throughput molecular genetic analysis, and as such can become kernels of equipment and
expertise around which facilities for the wider applications of genomic medicine within Pathology could be
developed in collaboration with these other disciplines.

Information is being steadily accrued in various international internet databases. Collation of quality
controlled UK data into a NHS database may assist in reviewing commonality and phenotype and allow
patterns of significance to be seen.

The use of Imatinib in chronic myeloid leukaemia illustrates the value of identifying the genetic basis of disease
and the development of targeted drug therapy. This link between genetics and therapeutics will increase in
the future.
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Diagnostic clinical scientists employed in UK NHS laboratories are ideally placed for translation into service
as they have the knowledge and skills pertinent to both the science and the clinical setting. Experience of
diagnostics, including the strict quality requirements, and clinical applications ensures the development work
is focused and appropriate. However, funding for this work is unclear.

The pace of change for both technology and knowledge in genetics is extremely fast. Care must be exercised
in strategic planning to ensure investment is in longer term, high impact technologies rather than short term,
new methodologies.

Use of genomic information in a healthcare setting

To date, the clinical handling of genomic information has been limited to clinical geneticists and other
specialists. As there is increasing transfer of genetic testing into mainstream medicine, there needs to be an
increasing programme of genetics education for a broader spectrum of clinicians and appropriate support
staV.

Current clinician and laboratory regulation ensures appropriate handling of genetic information. Regulation,
including validation of genetics training, should also ensure appropriate handling by the wider medical
community.

Regulatory standards must be applied to both NHS and private sectors.

Testing must be led by clinical need and not influenced by technological capability.

The public will need a greater education of genetic testing and the reassurance of a safe and controlled use of
their genetic information as a key part of the roll-out of genetic testing across medicine.

18 April 2008

Memorandum by AstraZeneca Research & Development

About AstraZeneca

AstraZeneca is one of the world’s leading ethical pharmaceutical companies, providing innovative and
eVective products to fight disease in important areas of medical need. AstraZeneca is an international
company with its corporate headquarters in London and several Research and Development (R&D) centres
across the UK. Globally, the Company also has R&D centres in Sweden, North America and Asia-Pacific,
manufacturing operations in 19 countries, and sales operations in over 100 countries. AstraZeneca employs
over 67,000 people world-wide, with approximatley 13,000 employed in R&D. The world-wide expenditure
on R&D in 2007 was more than £5 billion.

AstraZeneca employs well over 100 specialist genetics and genomics staV. In addition, many of its skilled
bioscientists carrying out research in disease areas routinely use genetics/genomics as one of their research
tools. The AstraZeneca facilities are considered to be state-of-the-art in DNA banking and genotyping.

Research and development in the pharmaceutical industry makes an immense contribution to human health
and well-being, and most areas of our work are regulated by law, and governed by strict ethical considerations.
With regard to genetic research, as with other kinds of clinical research, AstraZeneca upholds high ethical
standards, in accordance with the demands placed upon us. The protection of patient confidentiality is
paramount and AstraZeneca does not seek to acquire any personal data relating to human subjects which is
not strictly necessary for the purposes of analysing and reporting studies.

Policy Framework

Who is in charge of setting and reviewing policy in this area?

Policy for genomic medicine should be a shared process in consultation with the interested parties of which,
within the UK, DoH, RCUK and the pharmaceutical industry would be key stakeholders. Policies should
recognise the widespread implications of genomic medicine across the whole healthcare system.
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Who provides scientific advice on policy development? Who monitors and anticipates potential scientific developments
and their relevance to future policy? How effective are these mechanisms?

The UK is fortunate to have a solid base of world-class scientists in academia, industry and the healthcare
system. These scientists provide input into surveys and policy reports such as “Our inheritance, our future:
realising the potential of genetics in the NHS” by the DoH (2003) and “Personalised medicines: hopes and
realities” by the Royal Society (2005). Such mechanisms are eVective; however, due to their nature, they must
be continually updated in order to keep pace with scientific developments.

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

Currently the regulatory guidelines for drug-diagnostic co-development are diVerent between the US and EU,
with the requirements for in vitro diagnostics (IVDs) being more flexible in the EU compared with the US.
The US also has many diVerent guidelines that apply to genomic medicine including “Pharmacogenetic Tests
and Genetic Tests for Heritable Markers” and “Drug Metabolizing Enzyme Genotyping System” and “In
Vitro Diagnostic Multivariate Index Assays” These variations in regulation can create confusion for UK
companies trying to implement personalised healthcare globally and may not be optimal of the development
and translation of genomic medicine.

In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

Genetics, in a broad sense, is an area of great current sensitivity and there is much debate about the ethical,
legal and social implications for genetic research. AstraZeneca are keen to contribute to that debate and to
promote full understanding of how industry is involved. We actively gather information on guidelines, laws,
policies and attitudes around the world on a continuous basis, to enable us to understand and comply with
international standards of best practice in this field. It is recognised that there are many ethical issues around
genetic investigations but it is also clear that ethical viewpoints vary from country to country and change with
time. Whilst the debate continues, it is diYcult to define detailed company policies and procedures, but we have
developed some high-level policies for our involvement in this field. In common with other pharmaceutical
companies, AstraZeneca is currently striving to define “best practice” for the performance of genetic studies.

How does the framework compare internationally?

The UK contributes to the harmonisation of frameworks around clinical practice, clinical study conduct under
the auspices of the International Conference on Harmonisation of Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH) which brings together the regulatory authorities of Europe, Japan
and the United States and experts from the pharmaceutical industry in the three regions to discuss scientific
and technical aspects of product registration.

Research and Scientific Development

What is the state of the science? What new developments are there? What is the rate of change?

We define Genomic Medicine as the use of genetic information to inform clinical decisions regarding a
patient’s risk of developing disease, to assist with diagnosis and prognosis and/or to predict a patient’s likely
response to therapy. The definition may be more broadly interpreted to include the use of other types of
information such as gene expression analysis at RNA and protein level, which provides transient
measurements and is more subject to experimental variation, but we will not focus on these aspects in our
evidence.

The completion of the draft sequence of the human genome in 2001 raised hopes that genetics would make a
substantial contribution to medical practice. However in reality the only significant impact to date has been
upon the elucidation of the genetic basis for single gene disorders which are mainly rare and do not aVect the
majority of the general population. The common conditions which aVect large numbers of individuals have
proved more diYcult to analyse in the same way. This is because they are probably due to a combination of
genetic and environmental factors which interact to give rise to the disease. Many studies have tried, with
varying degrees of success, to identify the major genetic factors predisposing to disease but to date the
information has seldom had any eVect on clinical decisions. However, there is a growing aspiration among the
academic community to learn from previous failures and undertake bigger and better studies to identify more
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and more genetic factors associated with disease and so this area is likely to be more fruitful within the next
decade or so in determining a comprehensive atlas of genetic factors and their role in disease.

AstraZeneca, in common with the majority of large pharmaceutical companies has been collecting DNA
samples from patients participating in Company-sponsored clinical trials world-wide for several years. The
donation of DNA by patients unless as a pre-defined entry criterion does not aVect a patient’s enrolment in
the study. AstraZeneca policy in complying with legislation does not permit the collection and export of DNA
samples from all countries and compliance with local ethics committees in some countries may also result in
failure to collect some intended samples for a clinical trail. For these reasons, AstraZeneca’s DNA collection
is not a comprehensive representation of all clinical studies. However, AstraZeneca has accumulated samples
representing approximately seventy thousand individuals suVering from diseases such as asthma,
cardiovascular disease and inflammatory diseases, all of which are held in secure, GLP-standard automated
or manual archives.

AstraZeneca has conducted a number of genetic investigations over the last few years on the samples we have
collected. The main interest of the Company is to identify genetic factors contributing to patients’ response to
our medicines and all our investigations have had this objective. However, wherever possible, we have also
requested permission within the informed consent to use the samples to identify potential genetic risks
associated with the disease being treated.

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

Research and development is not well co-ordinated at present, and this needs to change because translation
into medical practice will require changes in the UK healthcare system and integrated eVorts across the various
stakeholder groups. However, individual initiatives arising from DoH, Wellcome Trust and MRC as well as
a substantial amount of work within the pharmaceutical industry is being undertaken.

How effective is the policy and investment framework in supporting research in this area?

Progress in genomic medicine and translation to clinical practice will require an integrated approach between
stakeholders; including scientists to discover and develop biomarkers, diagnostic companies to develop
enabling technology to test the biomarkers, pharmaceutical companies to conduct clinical trials
demonstrating the clinical utility of the diagnostics and the healthcare system to translate the linked drugs and
diagnostics to clinical practice. At present there are many obstacles to this integrated approach both in the
policy and investment framework. For example, investment in personalised healthcare is not linked to value-
based reimbursement to either the diagnostic or pharmaceutical industry. In addition, regulatory policies for
drug-diagnostic co-development are diVerent in the EU and US, making it diYcult for UK-based companies
to achieve global reach for their personalised healthcare products.

How does research in the UK compare internationally? How much collaboration is there?

There are two main requirements for undertaking successful genetic research in either disease genetics or
pharmacogenetics. These are large, well defined population-based samples and the capability to undertake
large scale genotyping. Several UK initiatives have the potential to give the UK an advantage in this area. The
UK biobank initiative has the potential to provide a useful DNA collection, the DoH “Connecting Patients
for Health” should enable better use to be made of clinical information held throughout the DoH and the
investment of the Wellcome Trust and Research Councils in supporting genotyping and sequencing centres of
excellence within the UK are all positive factors.

What are the current research priorities?

From the patient’s perspective, research towards understanding adverse events and side eVects of drugs is a
priority and this is being addressed by various groups. The FDA have sponsored a Serious Adverse Events
Consortium. A further priority for industry is to understand why some medicines are eVective only in some
individuals. A major Public Private Partnership, the Innovative Medicines Initiative (IMI) has recently been
set up with funding from the EU and European pharmaceutical companies to address some of the issues which
hinder the development of truly diVerentiated, eVective and safe drugs. The FDA’S Critical Path Initiative
seeks to answer similar questions in the USA.
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What is the role of industry? How much cross-sector collaboration takes place?

AstraZeneca, like other pharmaceutical companies, has conducted human genetic research into common
diseases as described above (known as disease genetics), but has become increasingly interested in the related
area of research known as Pharmacogenetics. Pharmacogenetics involves the analysis of genetic variability in
populations of patients receiving a given drug and its association with variability in response to that drug.
These genetic investigations take place in conjunction with normal drug trials. The ability to understand the
genetic basis of variability in response to drug treatments will allow us to use this information predicatively
and optimise treatment to individual patients. The goal is to be able to use simple diagnostic tests to identify
which patients will respond best to which treatment, and to avoid giving an inappropriate drug to a patient at
risk of experiencing side eVects.

AstraZeneca has used pharmacogenetics analysis successfully in a number of cases to provide data to
regulatory authorities. The US Food and Drug Administration have been very proactive in encouraging the
submission of such data under a voluntary scheme which takes account of the fact that much of the science is
at the exploratory stage at present. Their activities, supported by the US Government, have placed the USA
at the forefront in progressing research towards translation into medical practice. Europe and the UK are
currently taking a following position in the area.

The pharmaceutical and biotech industries in the UK have a good deal of potentially useful experience and
resources which could be exploited more eVectively in collaboration with academic and clinical research
groups to the benefit of the UK. Public-Private Partnerships would be an excellent way of determining how
this might be undertaken. AstraZeneca, along with many other pharmaceutical industry companies, is a
founding member of the EU-based EFPIA Pharmacogenetics (PGx) group and the US-based
Pharmacogenetics Working Group (PWG), both of which operate at the pre-competitive level to share best
practice in pharmacogenetics and provide a point of contact with regulatory authorities. Both of these groups
have co-authored several publications on the translation of genomic medicine.

Data Use and Interpretation

Is genomic information published, annotated and presented in a useful way? Should there be a common, public database?
If so, who should fund, and have responsibility for, such an initiative?

Genetic information relating to sequence and variation is published and held in a variety of databases which
are easily accessible. The digital nature of DNA sequence data enables the information to be presented in a
consistent way and be readily utilised. In contrast, information derived from other genomic analyses, such as
gene expression analysis, is much less compatible and is susceptible to experimental design.

Who should provide the framework for optimal evaluation of data and translational opportunities? What policy and
funding mechanisms are in place for recognising and utilising potential opportunities?

Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How should
genomic data be brought together with other health information?

Medical information is increasingly being held electronically and the UK could have a substantial advantage
here in its aims of generating databases of electronic records across the NHS through the “Connecting for
Patient Health” programme of work. If funded and managed appropriately this will provide a tremendously
valuable resource for analysing UK patient health and healthcare.

What are the implications of the generation and storage of genome data on personal data security and privacy, and on
its potential use or abuse in employment and insurance? How should these be addressed?

In AstraZeneca, all genetic data deriving from an individual are stored in secure computer-operated systems,
with restricted access, with all personal identifiers (names, addresses, dates of birth, etc) replaced by code
numbers. Code keys are generally held externally, eg by clinical investigators. They may sometimes be
deliberately destroyed, so that the data and samples are permanently “anonymised”. The processes used to
protect confidentiality vary, dependent on the type of study, and the demands of external regulatory agencies
and ethical committees.

The generation and storage of genome data for research and medical practice will require systems to be
established to ensure personal data security and privacy are maintained. It is understood that the ongoing
Research Capability Programme within the NHS Connecting Patients for Health initiative will address this,
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and the UK Biobank should also have systems in place. The potential use or abuse of information in both
employment and insurance are issues which should be addressed via both public consultation and by
discussion with relevant professional or trade associations.

A very large proportion of the genetic data collected during investigations can be considered to be non-
sensitive, having little or no obvious implications for the present or future health of the subject or their family.
For example, the revelation that an asthma patient carries a gene believed to underlie susceptibility to asthma,
does not change the situation for that individual at all; they already knew they had the disease. Similarly,
investigations that demonstrate that most members of a population carry versions of genes that allow them
to metabolise a given drug normally, such that they exhibit no unusual side-eVects, generate volumes of genetic
data that are of great importance to the company developing that drug, but which are not considered sensitive
for any of the individuals studied. Even when individuals are found to carry variations in genes that cause them
to be relatively deficient in metabolising a drug, the implication may be no more than that they would be best
advised to avoid using that drug. Participating in a genetic research study should not be classified (eg for
insurance purposes) as having had a “genetic test” performed. Since the ethical, social and legal risks of
collecting such genetic data appear to be extremely low, and the potential benefit, in terms of developing better
treatments, is high, there is a very strong argument in favour of continuing, and expanding, the use of genetic
analyses in pharmaceutical research.

It is recognised that, as with all areas of research, there is an element of uncertainty, and that what appears to
be of no importance now may be revealed to be of greater import in the future. The processes that AstraZeneca
uses to protect patient confidentiality, are designed to take into consideration that element of uncertainty, and
to treat all genetic data as if it was very sensitive.

Translation

What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

AstraZeneca sees substantial opportunities for diagnostic tests linked to therapeutics, both now and in the
future. Personalised Healthcare products (defined as diagnostic tests linked to drugs) have the potential to
deliver benefits to many areas of the healthcare system by delivering superior outcomes to patients and
increasing the ability to predict which patients will respond to which drugs.

In Disease Genetics, the objective is to identify variations in genes that cause or contribute to susceptibility to
disease. Such an insight into the mechanisms of disease may be used in two ways. In the community healthcare
setting, it may allow the doctor or health worker to advise patients as to the risks and potential preventative
measures. In the industry, the information may allow us to identify new targets for drug therapy, and thus the
development of new, eVective treatments.

In Pharmacogenetics, the objective is to identify patients who are more likely to benefit from medicines. This
information will lead to predictive testing prior to treatment, known as Personalised Medicine.

Both of the situations above will require a substantial change in medical practice in that diagnostic or
prognostic tests will need to be undertaken. The challenge of genomic medicine will be to ensure that these
tests are available, cost-eVective and integrated into the current healthcare system.

Who is responsible for translation to clinical practice?

The healthcare system, supported by opportunities emerging from genomic science and healthcare industry,
will decide on the rate of translation of Personalised Healthcare to clinical practice. There are already several
examples of drugs linked to diagnostics providing genomic information in clinical practice and bringing
clinical benefit to patients.

Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

Technologies and science are advancing rapidly in this area, so healthcare investment should support the
application of genomic information to benefit the healthcare system, rather than being tied to a particular
technology.
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How does the UK compare to other countries and what lessons can be learnt?

The UK compares favourably with many other countries in the understanding and application of genomic
information in the healthcare system. Some countries in the EU have introduced increased oversight of genetic
research in clinical trials, although this frequently introduces delays and there is little evidence that it is
beneficial to clinical trial subjects.

In the US, there have been many initiatives from the FDA to encourage the application of genomic
information in the healthcare system and the development of personalised healthcare. However, the regulatory
system for the registration of diagnostics linked to therapy is more flexible in the EU compared with the US.
As a result, many diagnostics are registered as in vitro diagnostics (IVDs) in the EU in advance of their filing
in the US.

How meaningful are genetic tests which use genome variation data? What progress has been made in the regulation of
such tests?

Putative genetic associations emerging from genome-wide association studies should be replicated in an
independent collection. This is even more essential if the results are intended for use in clinical practice,
whether in the form of improved medical advice or a predictive test given before treatment. It is also important
that the replicated associations be biologically evaluated. Before pharmacogenetic associations can be used in
the clinic, they should be studied in adequately powered clinical trials to assess to what extent the associated
genetic variants can improve the clinical benefit: risk ratio of the drug.

The transition of genetic data derived from research projects into validated tests for specific predictive use has
been accomplished but is not a simple task. The clinical utility of the test needs to be clear and this requires
testing in adequately powered clinical trials in the normal way.

Biomarkers and Epidemiology

In what way do genome-wide association studies contribute to the identification of biomarkers? How is the study of
genetic factors and biomarkers integrated for translational purposes?

Genome-wide association (GWA) studies and other genetic analyses can be used to identify genetic
biomarkers for selecting patients for treatment (in the case of drug eYcacy or serious adverse events), drug
dosing, or disease definition. Although most of the success in GWA studies to date has been in the field of
complex diseases there have been a number of successes in drug response. In the case of identifying biomarkers
for drug response, the case–control design is commonly used.

Frequencies of alleles at genetic markers (typically single nucleotide polymorphisms or SNPs) are contrasted
between cases and controls. If the phenotype is qualitative (eg objective response in terms of tumour shrinkage,
or a specified hypersensitivity reaction), the appropriate controls will be subjects with matched disease and
treatment, but without the phenotype in question. Where the phenotype is quantitative (such as plasma
concentration of the drug or change in forced expiratory volume [FEV1] of the lungs), all the subjects can be
used in a quantitative trait analysis. Alternatively, cases and controls can be selected from the extremes of the
trait distribution.

GWA and subsequent analyses will lead to biomarkers of a particular disease subset. In addition to these,
biomarkers may arise from gene expression analysis using RNA, proteomic analysis, metabolite analysis or
clinical image analysis. It is likely that in the future a combination of biomarkers may be used for predictive
medicine.

What impact will genomic data have on data emerging from projects such as UK Biobank, Generation Scotland and
other biobanks?

The integration of genotyping data and epidemiological data held in the UK Biobank and other biobanks will
provide a powerful resource for the future expansion of knowledge of health and disease, provided that
suYcient high quality samples and data are stored and access is well managed.
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Use of Genomic Information in a Healthcare Setting

What impact will genomic information have on the classification of disease? How will it affect disease aetiology and
diagnostic labels?

In the future more diseases will be classified on the basis of molecular information. One example is GIST
(Gastrointestinal Stromal Tumors) which is now classified by the presence of a biomarker, cKIT!. This
biomarker is specified in the drug label of Gleevec (Novartis), which is indicated for treatment of GIST, and
the linked diagnostic for cKIT expression (Ventana). In the future it may be possible to have drugs indicated
for any disease characterised by a genomic biomarker, rather than on the basis of symptoms.

How useful will genomic information be as part of individualised medical advice? What provisions are there for ensuring
that the individual will be able to understand and manage genomic information, uncertainty and risk?

In certain cases genomic information is already provided as part of individualised medical advice. For
example, prescription of drugs like Herceptin, Erbitux, Gleevec, Maraviroc and Tykerb all depend on genomic
information. There is no evidence that individuals find the information provided to them in these cases any
more burdensome than other medical information, so long as their physicians are able to explain this to them.

Genomic information may also be provided to individuals via tests to diagnose genetic disease (such as BRCA
testing for hereditary breast cancer). In these cases genetic counseling is provided to help individuals manage
the information, uncertainty, risk and treatment options. This is particularly necessary as the genomic
information provided has implications not only for the individual tested but also their family. The perception
of genetic exceptionalism should be avoided wherever possible.

Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

AstraZeneca fully supports the provision of genetic counseling to individuals receiving genomic information
with familial implications. However, regulatory codes may not be the best way to achieve this.

What are the implications of developments in genomic technologies for the training of medical specialists and other health
professionals? Are there any gaps that need addressing? What is the assessment and planning for future needs in
capacity?

There is evidence that physicians in the UK may find interpretation of genomic information in diagnostic tests
diYcult, and that this may present a barrier to the uptake of personalised healthcare. It is a priority that the
education of physicians and others in the healthcare sector should be updated to include interpretation of
genomic information.

April 2008

Memorandum by the Biolndustry Association (BIA)

Executive Summary

The BIA is the trade association for innovative enterprises in the UK bioscience sector, representing over 300
members, the majority of which are involved in realising the human health benefits that bioscience promises.
The BIA seeks to represent the interests of these innovative companies to all stakeholders and present positive
evidence based suggestions for policy change that assists the development and uptake of innovation for the
benefit of the UK patient population.

The Key Points of this Response may be Summarised as Follows

1. To ensure that policy activity keeps pace with the technological advances in genomic medicine, suYcient
horizon-scanning activity by or on behalf of government is essential. Adequate funding should also be
provided to support this activity.

2. Such horizon-scanning activity should then feed into the development of regulation to ensure that the UK
remains a competitive environment to translate scientific advances into therapies for the benefit of patients.
Regulators and the bioscience and pharmaceutical industries will need to continue to work together to ensure
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development of a robust regulatory framework that is conducive to the development and authorisation of a
medicine and, where appropriate, co-development and co-authorisation of a pharmacogenetic test.

3. With the development of personalised medicines will come challenges and potentially higher costs in the
short term. Indeed, barriers to the uptake of innovative therapies into the NHS remain a serious challenge
for the UK.9 The BIA hopes that under Lord Darzi’s leadership the recently established Health Innovation
Council10 (HIC) will begin to address this issue.

4. The bioscience and pharmaceutical industries play a vital role in the discovery and use of genetic
information to further disease understanding, select compounds for development and thereby develop safer
and more eVective medicines.

5. The BIA believes that initiatives such as the OYce for Strategic Coordination of Health Research
(OSCHR)11 and the Translational Medicine Board (TMB) oVer unique opportunities to capitalise on
advances in genomic medicine and translate research into clinical practice and patient benefit.

6. Encouraging up-take of innovative medicines will in turn encourage industry to invest in research that will
translate science from the bench to the bedside. Initiatives such as reforming the Small Business Research
Initiative (SERI) and implementing a national Proof of Concept Scheme as recently announced in the
Department for Innovation Universities and Skills (DIUS) White Paper “Innovation Nation”12 are urgently
needed to reaYrm the UK as an attractive place for investment in research and development of bioscience-
based therapies.

1. Policy framework

1.1 Who is in charge of setting and reviewing policy in this area? Who provides scientific advice on policy
development? Who monitors and anticipates potential scientific developments and their relevance to future
policy? How eVective are these mechanisms?

1.1.1 Within UK government, the Department of Health (DH) is taking the lead on policy activity for
genomic medicine and published a White Paper on Genetics in 2003.13 The DH’s Chief Scientist and Director
General for Health improvement and Protection, Professor David Harper, has very recently published a
progress review on the implementation of the 2003 genetics White Paper14 which gives the most recent
assessment from key stakeholders regarding the accomplishments of genetic science, its potential within
healthcare, and what future priorities might be—both for government and in other sectors. Furthermore,
within the DH several advisory bodies provide assistance; the Gene Therapy Advisory Committee (GTAC)
advises on developments in gene therapy research and their implications and the Genetics and Insurance
Committee (GAIC) evaluates genetic tests and their relevance to insurance. The Human Genetics Commission
advises the Government on the social, ethical and legal issues around human genetics.

1.1.2 The industry provides input under the auspices of the Bioscience Futures Forum15 (BFF) which was set
up as a recommendation from the Bioscience Innovation and Growth Team (BIGT) report16 to horizon-scan
across bioscience advances and considers the ethical, social and regulatory questions, which they raise. The
purpose of BFF is to monitor and assess emerging issues and to anticipate areas where regulation may be
needed and to feed this into government where applicable. The BIA has also played a role in attempting to
alert government of the need to look at potential contentious issues by inputting evidence to the House of
Commons Scientific and Technology Committee enquiry on Human Embryology and Fertilisation for
example. At a European level, the BIA provides strategic input to policy development through partnership
working the UK Clinical Research Collaboration (UKCRC)17 and the European Bioscience Intelligence
Committee (EBIC) which in itself was bourn out of the BFF. However, BIA considers that more should be
done by government to horizon scan to ensure that policy keeps pace with scientific advances in genomics that
may translate to medicines and therapies and it is vital that there is suYcient funding to support such activity.
9 PICTF Competitiveness and Performance Indicators 2005.
10 http://www.dh.gov.uk/en/Managingyourorganisation/Commissioning/Worldclasscommissioning/DH 083661, the HIC will advise

ministers on issues relating to improving patients’ access to cost-eVective new medicines, medical technologies, procedures and
processes through the NHS and social care system.

11 OYce for Strategic Coordination of Health Research(OSCHR) http://www.nihr.ac.uk/about oschr.aspx
12 http://www.dius.gov.uk/publications/Sciencelnnovation.pdf
13 Our inheritance, our future: realising the potential of genetics in the NHS (2003). http://www.dh.gov.uk/en/Publicationsandstatistics/

Publications/PublicationsPolicyAndGuidance/DH 4006538
14 Our inheritance, our future, Realising the potential of genetics in the NHS, Progress Review, http://www.dh.gov.uk/en/Publichealth/

Scientificdevelopmentgeneticsandbioethics/Genetics/DH 084147< 1
15 http://www.bioindustry.org/cgi-bin/contents view.pl?S ITE ID%34&I D%380
16 BIGT, “Bioscience 2015: Improving National Health, Increasing National Wealth” http://www.bioindustry.org/bigtreport/
17 www.ukcrc.org, The main aim of the UKCRC is to re-engineer the environment in which clinical research is conducted in the UK, to

benefit the public and patients by improving national health and increasing national wealth.
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1.1.3 Finally it is important that regulators and government base decisions on future regulation on the
scientific evidence rather than being drawn by the headlines in the lay press.

1.2 Does the existing regulatory and advisory framework provide for optimal development and translation
of new technologies? Are there any regulatory gaps?

1.2.1 Pharmacogenomics is a term used to describe the study of variations of DNA and RNA characteristics
as related to drug response.18 Pharmacogenetics describes the analysis of ways that genetic variation aVects
drug responses and provides the potential for more informative prescribing by health care professionals,
generating a positive impact on healthcare systems and most importantly improved patient outcomes. The use
of pharmacogenetic information to improve the risk/benefit profile during drug development is actively
encouraged by the regulatory authorities. However, to translate the potential of genomics to patient benefit,
regulators and the industry will need to continue to work together to ensure development of a robust
regulatory framework that is conducive to the development and authorisation of a medicine and, where
appropriate, co-development and co-authorisation of a pharmacogenetic test. Working with regulators to
bring about satisfactory guidelines on first in man clinical trials is also an essential part of helping translate
research into therapy. Furthermore, timescales for the approval of genetic tests should not exceed those for
drug approval, and medicines which employ pharmacogenetic information during prescribing must be
assessed in a timely and appropriate manner during reimbursement decisions by NICE. Failure to address
these issues will further undermine the UK’s competitiveness as a global research leader.

1.3 How does the framework compare internationally?

1.3.1 Frameworks related to Good Clinical Practice and the Clinical Trials Directive apply globally. In
addition, the regulatory agencies have actively sought to include innovative genetic approaches to the
development of safer and more eVective medicines. For example, the Federal Drug Administration (FDA) in
the US, the European Medicines Agency (EMEA) in the EU (which includes the MHRA) and the PDMA in
Japan have all developed guidelines and procedures to evaluate the use of pharmacogenetic information
during the development and prescribing of medicinal products. These three regions have also collectively
produced guidelines on pharmacogenetic terminology in order to facilitate research by the adoption of a
common set of definitions and terms.19

2. Research and Scientific Development

2.1 What is the state of the science? What new developments are there? What is the rate of change?

2.1.1 Genomic science developments will continue to impact on the delivery of healthcare through improved
diagnostics, patient safety, targeted therapeutics and regenerative medicine. Like most areas of science and
research, genomic science is an actively evolving field and so the applications of genetics to medicine and
healthcare will evolve over time rather than there being a sudden revolution. In terms of research and
development, key parameters requiring continued exploration include platform technology, bioinformatics/
analytical techniques and clinical trial design.

2.1.2 In the area of targeted, so called “personalised medicine”—aiming to better match patients with
therapies on the basis of genetic information, the largest achievements have been in oncology. Over the past
decade, therapies for patients with cancer have changed moving away from the administration of broadly
acting cytotoxic drugs towards the use of targeted therapies.20 This ongoing shift has been enabled by the
development of diagnostic biomarkers (biological indicators) to identify the patients to treat and of predictive
biomarkers to identify the patients most likely to benefit from specific therapies or to predict the clinical
outcome of a specific therapy for a specific patient.

2.1.3 Advancements in pharmacogenetics are clearly reflected by the increasing number of drug labels that
now include validated genomic biomarkers markers as an integral component of prescribing information for
a range of indications including HIV, cancer, psychiatry, cardiovascular and hypertension.21 Because it is now
scientifically and economically possible to develop the clinical biomarkers necessary for clinical development,
this approach is being widely applied in the industry in many therapeutic areas including virology,
neurodegenerative diseases, diabetes, psychiatric disorders and many others.
18 http://www.ich.org/LOB/media/MEDIA3383.pdf
19 http://www.ich.org/cache/compo/276-254-1.html
20 HerceptinE is one of the most recent examples where a therapy is eVective only for a subset of the patient population, in this case related

to genetic diVerences in the expression of the HER2 receptor.
21 http://www.fda.gov/cder/genomics/genomic biomarkers table.htm and Kivexa (abacavir) and other abacavircontaining products—

risk of abacavir hypersensitivity reaction http://emc.medicines.org.uk/
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2.1.4 However there are some limitations to a strategic approach with biomarkers applied being universally
to all areas drug development. The potential of present technologies is almost limitless, and there are few
diYculties in discovering biomarkers. However, in some instances, scientific knowledge is not suYciently
advanced or the genomic information can not be translated into clinically applicable solutions for targeted
therapies. A further limit is the diYculty in obtaining informative human material collected in the appropriate
patient population, at the right time and with the right methods to address the specific issues for biomarker
validation in clinical setting. Projects such as the UK Biobank22 will provide invaluable resources for future
research to help tackle these issues.

2.1.5 Furthermore, with the development of personalised medicines will come challenges (and potentially
higher costs in the short term) in clinical development—for example, tailored clinical trials will require
diVerent and eVective recruitment for smaller more specific patient populations and additional analyses.
Ultimately, personalised medicines will need to be adopted by the NHS for patients to benefit from scientific
advances however, barriers to the uptake of innovative therapies into the NHS remain a serious challenge for
the UK—new medicines launched in the UK have lower rates of uptake relative to other countries,23 The BIA
hopes that under Lord Darzi’s leadership the recently established Health Innovation Council24 (HIC) will
indeed begin to address these issues and hold the Department of Health and the NHS to account for helping
to overcome barriers and taking up innovation.

2.2 Who is taking the lead in the consideration and co-ordination of research and the development of new
technologies?

2.2.1 Whether it is providing cutting edge services in bioinformatics, pharmacogenomics, proteomics, target
molecule identification the development of diagnostics, gene therapy or regenerative medicine, the bioscience
industry is a leading contributor to the understanding and application of genomic medicine.

2.2.2 The BIA believes that initiatives such as the OYce for Strategic Coordination of Health Research
(OSCHR)25 and the Translational Medicine Board (TMB) oVer unique opportunities to capitalise on
advances in genomic medicine and translate research into clinical practice and patient benefit. The BIA is keen
to see continuous dialogue with industry, in order to ensure that their experience can be used to encourage
uptake of innovation in the fast paced field of genomics.

2.3 How eVective is the policy and investment framework in supporting research in this area?

2.3.1 Substantial investment has been made in the private sector to explore and apply genetic information to
the understanding of disease, the discovery and development of innovative medicines and diagnostic
procedures.

2.3.2 Within the UK, the Department of Health has allocated initial investment to evaluate the application
of pharmacogenetics to the use of some generic medicines eg azathioprine.26 Whilst these are extremely
important initiatives they require continued support and development if they are to provide meaningful
research data and evaluate the translation of research findings into clinical application in the setting of the
NHS.

2.3.4 Continued government support for gene therapy development will be necessary to provide more
experience in treating very rare genetic conditions and to get the technology right. It may also be important
to support innovation in treatments for these very rare diseases (“orphan diseases”) where the market forces
are so weak, and research challenges so great, that it is harder to state the case for pharmaceutical or
biotechnology industries to invest. Currently there is insuYcient government funding to translate the outputs
of academic research into investment ready propositions to maximise the opportunities for new therapy
development (see para 4.1.4).

2.4 What are the current research priorities?

2.4.1 The genomic research community is addressing three broad areas—disease (risk factors, prevention,
biomarkers of diagnosis, progression or prognosis), eYcacy of therapeutics and safety of therapeutics. The
bioscience industry is active in all three areas as they relate to improving drug discovery and development as
well as delivering safer and more eVective treatments.

2.5 What is the role of industry? How much cross-sector collaboration takes place?
22 www.ukbiobank.ac.uk/
23 PICTF Competitiveness and Performance Indicators 2005.
24 http://www.dh.gov.uk/en/Managingyourorganisation/Commissioning/Worldclasscommissioning/DH 083661, the HIC will advise

ministers on issues relating to improving patients’ access to cost-eVective new medicines, medical technologies, procedures and
processes through the NHS and social care system.

25 OYce for Strategic Coordination of Health Research (OSCHR) http://www.nihr.ac.uklabout oschr.aspx
26 www.genres.org.uk
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2.5.1 Between the public and private sectors, research is undertaken on a cross-sector collaborative basis both
nationally and internationally. This research includes pharmacogenetic research with physicians during
clinical trials, disease gene understanding studies with clinical geneticists and epidemiologists, and
technological or statistical development with universities. Industry plays a vital role in the discovery and use
of genetic information to further disease understanding, select compounds for development and thereby
develop safer and more eVective medicines.

2.5.2 In addition the pharmaceutical and bioscience industries participate in public-private partnerships to
pursue genomic medicine including with the FDA’s “Serious Adverse Event Consortium” and “Critical Path
Initiative” and the EU Innovative Medicines Initiative.27

2.5.3 However, in the UK there are barriers to collaboration with academia and the NHS. To redress these,
the DH and the Association of the British Pharmaceutical Industry (ABPI) have worked closely to develop
the concept of “joint working” between the NHS and the pharmaceutical industry and have recently issued
best practice guidelines for NHS staff28 and a supporting best practice “toolkit”.29 The Royal College of
Physicians will shortly publish an evidence-based report that focuses on solutions to overcome the perceived
barriers to collaborative working between industry, academia and the NHS.

3. Data Use and Interpretation

3.1 Is genomic information published, annotated and presented in a useful way? Should there be a common,
public database? If so, who should fund, and have responsibility for, such an initiative?

3.1.1 Databases which provide access to both researchers and healthcare professionals in order to address
specific health-related questions are of considerable value in advancing the understanding of genetics.

3.1.2 Since the initiation of the Human Genome Project in the early 1990s, public databases containing
genomic information have been developed to store genomic data and to allow access to biomedical researcher
communities from around the world. The National Centre for Biotechnology Information (NCBI) has been
instrumental in providing such an integrated infrastructure (databases and software) for the reference human
genome sequence, maps and annotation in addition to smaller satellite projects on other mammals, non-
mammalian vertebrates and invertebrates, plants, fungi, bacteria and archaebacteria sequence. However, the
future challenge will be the integration of the plethora of genomic, biomedical and clinical data and tools that
have been developed globally.

3.1.3 To maintain the open access nature of such resources, government or public-privatepartnership (PPP)
approaches should be adopted to fund their development.

3.2 Is other medical information recorded in a suitable format to allow optimal interpretation of genomic
data? How should genomic data be brought together with other health information?

3.2.1 Interpretation of any genetic data is dependent upon access to accompanying relevant medical data that
has been collected in an accurate and consistent manner. Electronic medical/health records (EHRs) are integral
to research, prescribing practice, pharmacovigilance and public health. Within the NHS, electronic medical
databases and EHRs oVer direct benefits to patients and healthcare professional through improved
completeness, accuracy and timely sharing of medical information amongst members of the healthcare team.
Technological advances can also be embedded to aid in clinical diagnosis, disease understanding and
management, more eVective preventative care, identification of drug interactions and early identification of
potential drug side eVects. The enhanced analytical capability of electronic database management over historic
paper records means that such systems oVer the potential for augmenting health research within the NHS. This
would have a positive impact on patient safety through drug surveillance and pharmacovigilance, the
identification of disease patterns for allocation of resources, health outcomes research and the identification
and design of clinical research programmes.

3.2.2 The growth of computerisation and integration of EHRs through the current National Programme for
Information Technology (NPfIT) and Connecting for Health (CfH)30 will open up many opportunities to
improve medical and scientific research.

3.3 What are the implications of the generation and storage of genome data on personal data security and
privacy, and on its potential use or abuse in employment and insurance? How should these be addressed?
27 http://imi.europa.eu/index en.html
28 http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH 082370
29 http://www.hsconsultants.co.uk/Joint%20Working%20Toolkit%20v5.3a
30 http://www.connectingforhealth.nhs.uk/
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3.3.1 Conceptually, all genetic data are part of the overall spectrum of confidential medical information and
cannot be categorised separately. The information content of any medical data is highly contextual and genetic
exceptionalism should be avoided. Within the industry, mechanisms to ensure patient confidentiality during
pharmaceutical research are well-established. For example, only coded data is supplied to the company
researcher who has no direct access to the patient or identifying details such as name, address etc. Additionally,
the ABPI has recently developed comprehensive guidelines for the secondary use of data for medical research
purposes.31

4. Translation

4.1 Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

4.1.1 OSCHR and TMB have been tasked with the development of strategy to ensure translation of clinical
research into improved healthcare provision and treatments and have assigned budgets to that end. However,
the bioscience sector by its nature has long timeframes associated with drug development and validation thus
attracting investment will always be a challenge not least in the current economic climate. Currently the UK
is one of the lowest adopters of innovative medicines in the EU.32 The UK government could further “future-
proof” healthcare investment by ensuring that innovative safe medicines are adopted for use in the NHS in a
speedy manner. This would provide a clear demonstration to the private sector that the products they are
developing have a route to market in the UK and would encourage further investment to the sector. It is
anticipated that the long-term investment issue will also be focus of the review and refresh of Sir David
Cooksey’s recommendations made in his report “Bioscience 2015”.33

4.1.2 Encouraging up-take of innovative medicines will in turn encourage industry to invest in research that
will translate science from the bench to the bedside. Initiatives such as reforming the Small Business Research
Initiative (SBRI) and implementing a national Proof of Concept Scheme as recently announced in the
Department for Innovation Universities and Skills (DIUS) White Paper “Innovation Nation”34 are urgently
needed to reaYrm the UK as an attractive place for investment in research and development of bioscience-
based therapies. It is essential that these schemes are implemented as soon as possible, especially given the
current economic climate and the recent implementation of tax reforms that are a disincentive to investment
in the bioscience sector in general.

4.3 How meaningful are genetic tests which use genome variation data? What progress has been made in the
regulation of such tests?

4.3.1 The analytic validity, clinical validity or clinical utility of genetic data will be influenced by what
marker(s) are being measured and what purpose the test result will serve. In the hands of a healthcare
professional, genetic tests used for example to determine if a patient is a carrier of a specific mutation are highly
reliable. When this genetic mutation is the causative defect of the disease, the results of genetic tests are
meaningful and contribute to the classification of disease.35 If the test is to predict the likelihood of a serious
adverse event, the test specification requirements will be very diVerent than a test used to select patients likely
to respond eYcaciously to a medicine. Since 1998 all diagnostic tests in the UK have been governed by the
European Directive on In Vitro Diagnostic Medical Devices (98/79/EC).

5. Biomarkers and Epidemiology

5.1 In what way do genome-wide association studies contribute to the identification of biomarkers? How is
the study of genetic factors and biomarkers integrated for translational purposes?

5.1.1 Genome-wide association (GWA) studies, not conceivable few years ago, are now performed with highly
parallel leading-edge technologies.36 These studies contribute to realise personalised medicine in diVerent
ways along the drug development process as indicated below:

— In pre-clinical stages:

— To facilitate/support the discovery of new targets and to understand target pathways, especially
in complex diseases.

31 http://www.abpi.org.uk/publications/pdfs/Guidelines SecondaryUseData.pdf
32 PICTF Competitiveness and Performance Indicators 2005.
33 http://www.bioindustry.org/bigtreport/
34 http://www.dius.gov.uk/publications/Sciencelnnovation.pdf
35 (example LDL receptor mutations and Familial Hypercholesterolemia.)
36 For example Illumina and AVymetrix systems.
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— In the clinical stages:

— to identify clinical biomarkers of disease susceptibility, initiation, severity or progression:
disease clinical biomarkers,

— to identify response biomarkers in patient subpopulations by a better understanding of eYcacy
and/or safety profiles and clinical outcomes: response clinical biomarkers.

5.1.2 GWA studies are the initial step the biomarker discovery stage—allowing the confirmatory and
validation studies to be performed in clinical trials. It is widely accepted by drug developers that, as long as
the disease and response biomarkers are known, the earlier they are integrated and analysed in the clinical
development program, the better. Integration of biomarkers as early as in Phase l studies gives the opportunity
to build the necessary knowledge to allow personalised medicine to be implemented at a later stage in clinical
practice.

5.1.3 However, as with all fields of innovation, the accumulation of knowledge will be constrained if genetic
research is focussed purely on areas with existing data and a priori assumptions. Basic research should
therefore not focus on a specific technology, nor merely on known biological pathways but in some instances
involve genome-wide exploration to identify novel markers associated with disease or drug response.
Furthermore, the application of markers eg SNP profiles, to drug development and ultimately prescribing,
should not be contingent upon a complete understanding of the biological pathways involved. Any
requirement of this nature would be in excess of that required for other therapeutic interventions and would
therefore pose an unwarranted hurdle to the implementation of genetics in healthcare.

5.1.4 It should also be recognised that technologies and approaches used during the research and development
process will not necessarily be those that are translated to clinical practice. Whilst a genome wide scan may
be used in research to determine the full range of potential marker associations, once identified and validated
only the informative genetic marker sets would be incorporated into a clinical test.

6. Use of qenomic information in a healthcare setting

6.1 Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

6.1.1 The use of genetic information in prescribing for common diseases is expected to fall within the normal
interactions between physicians, clinical analysis and patients, and not within the framework currently used
for genetic service provision ie genetic specialists and counsellors.

6.1.2 It is recognised that knowledge to relay pharmacogenetic information to a patient needs to be acquired
by a great many practicing physicians, however any assumption that such information will be overly complex,
is not supported by examples such as HerceptinE (trastuzamab) or abacavir. Moreover, physicians routinely
interpret other risk factor data eg blood pressure, cholesterol levels and family history during prescribing
selection. Whilst advice to, and training of, healthcare professionals is vital, it is impractical to have any
regulatory code mandating the way in which all genetic advice is given to patients. In the context of healthcare,
genetic testing should be accompanied by the provision of relevant information. In some instances ie in the
case of highly predictive tests for serious disorders, the oVer of specific counselling advice should be made.
However a policy requiring a similar level of support for tests designed to predict a therapeutic response would
be inappropriate and create an unnecessary hurdle to healthcare provision.

6.2 What are the implications of developments in genomic technologies for the training of medical specialists
and other health professionals? Are there any gaps that need addressing? What is the assessment and planning
for future needs in capacity?

6.2.1 Increased education on genetics will need to become an integral part of the standard curriculum in
medical, nursing and pharmacy training programmes if healthcare professionals are to make the potential of
genetics fully available to their patients. The National Genetics Education and Development Centre
(NGEDC) was established in Birmingham to look at the genetics educational needs of health professionals
who are not genetics specialists and to work with the relevant professional and regulatory bodies to get genetics
incorporated into curricula and continuing professional development to meet those needs. Although DH has
confirmed the extension of the current contract with the NGEDC to August 2009, longer term provision of
this type of service will need to be assessed to keep pace with the ever evolving field of genomic medicine.

May 2008
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Memorandum by the Biosciences Federation

Introduction

The Biosciences Federation (BSF) is a single authority representing the UK’s biological expertise, providing
independent opinion to inform public policy and promoting the advancement of the biosciences. The
Federation was established in 2002, and is actively working to influence policy and strategy in biology-based
research—including funding and the interface with other disciplines—and in school and university teaching.
It is also concerned about the translation of research into benefits for society, and about the impact of
legislation and regulations on the ability of those working in teaching and research to deliver eVectively. The
Federation brings together the strengths of 44 member organisations (plus seven associate members),
including the Institute of Biology. The Institute of Biology is an independent and charitable body charged by
Royal Charter to further the study and application of the UK’s biology and allied biosciences. It has 14,000
individual members and represents 37 additional aYliated societies (see Appendix). This represents a
cumulative membership of over 65,000 individuals, covering the full spectrum of biosciences from physiology
and neuroscience, biochemistry and microbiology, to ecology, taxonomy and environmental science.

Policy Framework

1. The Department of Health, primarily under the aegis of the National Institute for Health and Clinical
Excellence (NICE) and the National Horizon Scanning Centre (NHSC), together with the Department for
Innovation, Universities and Skills are responsible for setting and reviewing policy in the area of genomic
medicine. However, it is not clear to us how eVective these departments are in anticipating the relevance of
scientific developments to future policy.

2. Scientific advice on policy development in this area is provided by research funders, particularly the
Medical Research Council and the National Institute for Health Research (NIHR), learned and professional
societies, and the scientific advisory bodies in the relevant government departments such as the Human
Genetics Commission (HGC) and the NHSC.

3. The UK framework does not compare favourably with that of the US, where the Food and Drug
Administration (FDA) appears to be more proactive and forward-thinking than its UK counterparts. The
National Human Genome Research Institute is an extremely valuable asset to the US framework. Given time,
we would expect the OYce for Strategic Coordination of Health Research (OSCHR) to significantly enhance
the UK policy framework, provided that the advisory capacity of this body is joined-up with the regulatory
mechanisms of the relevant government departments and their agencies.

4. We believe that it should be possible to respond to policy issues through the improved use of existing
structures, and that there is no clear need for additional regulatory or advisory bodies at this stage.

5. The increasing application of genomic information raises significant ethical issues surrounding prediction
of future morbidity and mortality, and subsequent genetic discrimination. The Council of Europe Convention
on Human Rights and Biomedicine37 explicitly prohibits any form of discrimination on the grounds of genetic
heritage and provides that, “tests which are predictive of genetic disease or which serve either to identify the
subject as a carrier of a gene responsible for a disease or to detect genetic predisposition or susceptibility to a
disease may be performed only for health purposes or for scientific research linked to health purposes and
subject to appropriate genetic counseling”. The UK Government has not signed the Convention and so its
requirements are not currently binding. The Federation welcomed the Government’s Discrimination Law
Review and its proposals for a Single Equality Bill. However, we disagree with its view that “there is currently
no need to legislate to prohibit discrimination on grounds of genetic predisposition”.38

Research and Scientific Development

6. In terms of specific technologies, genomic medicine falls into three broad categories: development of new
gene-based diagnostics for common conditions; introduction of pharmacogenetics or “personalised
medicine”; creation of novel therapies such as gene therapy and the use of adult/embryonic stem cells to treat
disease. Gene-based diagnostics, particularly in the sub-classification of cancers, are developing rapidly
37 Convention for the Protection of Human Rights and Dignity of the Human Being with regard to the Application of Biology and

Medicine: Convention on Human Rights and Biomedicine, Council of Europe, 1997. http://conventions.coe.int/treaty/en/treaties/
html/164.htm

38 Discrimination Law Review: A Framework for Fairness: Proposals for a Single Equality Bill for Great Britain, Department for
Communities and Local Government. http://www.communities.gov.uk/documents/corporate/pdf/325332
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through the use of microarray technology. In contrast, pharmacogenomics and gene therapies are at a very
early stage, and stem cell therapies are barely oV the ground.

7. We believe that it is the research funders that are taking the lead in the consideration and co-ordination of
research and the development of new technologies. The Wellcome Trust invests heavily in the genetic research
of common diseases and its Case Control Consortium has demonstrated that meaningful data can be obtained
from genome-wide association studies. Genetic risk factors for common diseases are now being identified at
a pace which was not thought possible a short time ago.

8. UK research is extremely competitive internationally, largely due to the establishment of Research Centres
of Excellence and the ease of knowledge transfer within and between research councils and Higher Education
Institutions. However, eVective coordination of research at a global level is essential to maximise the use of
funding streams. The UK’s involvement in international partnerships has been backed to a considerable extent
through funding from research charities and other non-governmental sources. There is significant scope for
the MRC and other public funders to take a more proactive role in supporting international initiatives.

Data Use and Interpretation

9. Existing public genome databases are annotated and presented in a suYciently useful manner for the
majority of researchers. The Federation commends the work of the ENCODE Consortium, the European
Bioinformatics Institute and the Wellcome Trust Sanger Institute in the UK in collaboration with the National
Centre for Biotechnology Information (NCBI) and the University of California, Santa Cruz in the US, and
others to identify and characterise conserved DNA elements, and define gene structures, alternative transcripts
and regulatory regions. However, the Federation recognises that much remains to be done to determine the
function of DNA sequences identified through this and other research programmes. Such work is currently
heavily supported by the Wellcome Trust and should be a priority area for UK public investment.

10. Genomic data should be brought together with other health information through the NHS Research
Capacity Programme within the Connecting for Health initiative. However, the Federation does not believe
that medical information is currently recorded in a suitable format to allow much more than basic
interpretation of genomic data let alone optimal interpretation!

11. We believe that Generation Scotland serves as an excellent model of how patient records can be harnessed
in the context of translational medicine, and how large-scale genetics studies could be integrated alongside
clinical genetics and associated public engagement activities.

12. We consider that genome data should be aVorded the same level of security and privacy as existing medical
records provided that the existing security of such information is fit for purpose.

Translation

13. The opportunities for diagnostics, therapeutics and prognostics are potentially great but development will
inevitably be demand-led. The requirements to deliver safer and more eVective medicines to patients, together
with the potential for industry to make better decisions during drug development by the use of genetic
information are the main drivers for this approach.

14. The genotyping of participants in clinical trials will bring both benefits and risks. On the one hand, it
would be possible to recruit for trials only those patients who, according to their genotype, are likely to benefit
from the drug, so that clinical trials could become smaller, cheaper and faster to run. However, such trials
would yield information on a smaller segment of the population, with the risk that some side eVects would be
undetected.

15. The commissioning of the Cooksey report and the subsequent creation of the OYce for Strategic
Coordination of Health Research (OSCHR) has been a driver for the translational research which will
underpin genomic medicine. However the Federation believes that translation to clinical practice is currently
driven by industry, the NHS, and the entrepreneurial spirit of individuals.

16. In principle the joined-up nature of the UK health system is an asset to translation and, if properly
exploited, is likely to put the UK in a more competitive position than that of the US. The integration of
electronic medical records with genomic information will provide a valuable resource for pharmacovigilence
studies, currently captured by the yellow card system.
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Biomarkers and Epidemiology

17. Although genome-wide association studies are only a point of entry to the identification of biomarkers,
they are not dependent upon current biological knowledge but provide a “hypothesis-free” approach to
finding novel genetic factors and therapeutic targets to enable patient stratification and aid personalised
medicine. Outcomes will need further analysis and replication before becoming informative.

18. Biobanks should be able to link this genetic information with prospective information on environmental
exposures etc., increasing understanding of the interplay between genetic and environmental factors in
complex diseases. Such information is essential if the dream of “personalised medicine/medical advice” is to
become a reality.

Use of Genomic Information in a Healthcare setting

19. Genomic information will inevitably increase the complexity of disease classification, as is being proven
by the sub-classification of cancers, but will allow a sounder understanding of the genotype-phenotype
relationship in complex diseases. This will lead to the molecular sub-classification of diseases, each of which
may have diVerent therapeutic targets.

20. We are concerned that as no legislation governs the scientific validity and clinical utility of commercial
genetic tests sold direct to the public in the UK, this area is wide-open to “quackery”.

21. It is essential that genomic information is provided to patients by medical professionals able to
communicate the clinical implications and risk, with access to specialist counselling services where
appropriate. In particular, it is likely that the provision of genomic and pharmacogenetic tests will in the future
be provided at the point of primary care, rather than through specialist genetic services. Guidelines for good
clinical practice must be in place, together with Continuing Professional Development (CPD) programmes.
We support the recommendations of the 2003 Genetics White Paper for the training of medical professionals
in this area and welcome the progress made in the 2008 Genetics Review.39

Taskforce Members

This response was written by a BSF Task Force comprising Dr R Dyer (Biosciences Federation; Chair), Dr J
Bradshaw (University of Edinburgh), Dr A Flannery (AstraZEnceca), Professor Tony Harmer (University of
Edinburgh), and Dr C Wallace (Biosciences Federation).

APPENDIX

Member Societies of the Biosciences Federation

Association for the Study of Animal Behaviour British Toxicology Society
Association of the British Pharmaceutical Industry Experimental Psychology Society
AstraZeneca Genetics Society
Biochemical Society Heads of University Biological Sciences
Bioscience Network Heads of University Centres for Biomedical Science
British Andrology Society Institute of Animal Technology
British Association for Psychopharmacology Institute of Biology
British Biophysical Society Institute of Horticulture
British Ecological Society Laboratory Animal Science Association
British Lichen Society Linnean Society
British Mycological Society Nutrition Society
British Neuroscience Association Physiological Society
British Pharmacological Society Royal Microscopical Society
British Phycological Society Royal Society of Chemistry
British Society of Animal Science Society for Applied Microbiology
British Society for Developmental Biology Society for Endocrinology
British Society for Immunology Society for Experimental Biology
British Society for Matrix Biology Society for General Microbiology
British Society for Medical Mycology Society for Reproduction and Fertility
39 Genetics White Paper Review 2008, Department of Health. http://www.dh.gov.uk/en/Publichealth/Scientificdevelopment

geneticsandbioethics/Genetics/DH 084147< 1
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British Society for Neuroendocrinology Universities Bioscience Managers Association
British Society for Plant Pathology UK Environmental Mutagen Society
British Society for Proteome Research Zoological Society of London

Associate Member Societies

BioIndustry Association Medical Research Council
Royal Society Biotechnology & Biological Sciences Research
Wellcome Trust Council
Merck, Sharp & Dohme Association of Medical Research Charities

Additional Societies represented by the Institute of Biology

Anatomical Society of Great Britain and Ireland Institute of Trichologists
Association for Radiation Research International Association for Plant Tissue Culture
Association of Applied Biologists and Biotechnology
Association of Clinical Embryologists International Biodeterioration and Biodegradation
Association of Clinical Microbiologists Society
Association of Veterinary Teachers and Research International Biometric Society
Workers International Society for Applied Ethology
British Association for Cancer Research Marine Biological Association of the UK
British Association for Lung Research Primate Society of Great Britain
British Association for Tissue Banking PSI—Statisticians in the Pharmaceutical Industry
British Crop Production Council Royal Entomological Society
British Inflammation Research Association Royal Zoological Society of Scotland
British Marine Life Study Society Scottish Association for Marine Science
British Microcirculation Society Society for Anaerobic Microbiology
British Society for Ecological Medicine Society for Low Temperature Biology
British Society for Research on Ageing Society for the Study of Human Biology
British Society of Soil Science Society of Academic and Research Surgery
Fisheries Society of the British Isles Society of Cosmetic Scientists
Freshwater Biological Association Society of Pharmaceutical Medicine
Galton Institute Universities Federation for Animal Welfare

Additional Societies represented by the Linnean Society

Botanical Society of the British Isles Systematics Association

April 2008

Memorandum by Breakthrough Breast Cancer

1. Executive Summary

1.1 Breakthrough Breast Cancer welcomes the House of Lords Science and Technology Committee’s inquiry
into genomic medicine. This is a rapidly progressing area of research and a new framework for strategic
development is necessary to ensure that patients can continue to benefit from advances in genetic and genomic
research.

1.2 Funding priorities should be identified in order to support the rapid scientific advancement of genomics.
It is important that the Government and other funding bodies are able to provide medical researchers access
to new technologies. Investment in translational research is essential so that advances in basic research can
benefit patients in the clinic.

1.3 The generation of large amounts of data from next-generation technologies that allow for rapid and
relatively inexpensive genome sequencing will pose significant challenges. The format of this data is important
for its use and translation and there is a need for standardised annotation of accompanying clinical and
pathology data. It will also be important to ensure that there is an appropriate balance between access to
genomic data and security of patient or personal data.



Processed: 29-06-2009 21:14:40 Page Layout: LOENEW [E] PPSysB Job: 411271 Unit: PAG1

492 genomic medicine: evidence

1.4 Research to identify biomarkers that will assist in diagnosis and the specific tailoring of treatment
regimens should be encouraged and assisted.

1.5 Whole genome association studies may lead to a better understanding of the genetic variation underlying
disease and could revolutionise disease prevention and treatment. However, these discoveries should not be
prematurely used for genetic testing.

1.6 There is a significant regulatory gap relating to genetic testing oVered outside the NHS. It is important
that an appropriate regulatory framework is developed in this area to ensure patient safety and confidence in
new technologies.

1.7 Genetic testing should only be oVered as part of a medical consultation with an appropriately trained
healthcare professional. It would be beneficial to develop a mandatory regulatory code to govern the provision
of genetic counselling.

1.8 Continued funding for improvements in genetics services is necessary. The continued supply of genetics
counsellors and education of primary healthcare professionals about genetics and risk must be ensured.

1.9 People should be protected from genetic discrimination in insurance and employment. The Moratorium
which currently prevents insurers from using the results of predictive genetic tests to set premiums for life,
critical illness and income protection insurance has recently been extended to 2014. It is important that the
Moratorium continues to be extended in future or that it is replaced with legislation which gives at least the
current level of protection, if not more.

2. Introduction

2.1 Breakthrough Breast Cancer is the UK’s leading breast cancer charity committed to fighting breast cancer
through research, campaigning and education. Breakthrough has established the UK’s first dedicated breast
cancer research centre, in order to achieve our vision: a future free from the fear of breast cancer. Breakthrough
campaigns for policies that support breast cancer research and improved services, as well as promoting breast
cancer education and awareness amongst the general public, policy makers, healthcare professionals and
the media.

2.2 Breakthrough held its inaugural Genetics Summit in 2006 which brought together Department of Health
ministers with some of the UK’s experts in genetics research and NHS services as well as women with a family
history of breast cancer. A briefing outlining discussions held at the Summit is included as Appendix A.
Breakthrough will be holding its second Genetics Summit in 2008.

2.3 Breakthrough works closely with healthcare professionals, patient advocates and researchers. Our
memorandum reflects the views of Breakthrough and members of its Genetics Reference Group (GRG)—
which is made up of over 100 people who have, or are interested in, a family history of breast cancer. GRG
members play a vital role in informing Breakthrough on a wide range of issues, ensuring that our genetics and
family history policy, campaigning and education activities continue to reflect the views of people with a family
history of breast cancer. Members campaign locally and nationally on issues that aVect people with a family
history of breast cancer, such as reducing waiting times for genetic test results and the provision of local family
history services. Breakthrough has also consulted healthcare professionals and breast cancer researchers in the
development of this memorandum and the views of these stakeholders are reflected here. Breakthrough staV
and members of our Genetics Reference Group would be willing to provide oral evidence to this inquiry, if the
committee would find this useful.

3. Policy Framework

3.1 In 2003 the Government’s policy on human genetics was set out in its Genetics White Paper Our
inheritance, our future: realising the potential of genetics in the NHS, which identified where investment and
support was needed for the NHS to better and more eYciently apply genetics advances to patient care.40 It
laid out strategic plans to invest in genetics services, research and development, to involve the public in
developing the future role of genetics in the NHS and to ensure that public confidence in genetics was
maintained.

3.2 The Genetics White Paper Review (2008) stated that more time was needed in order to embed many of
the aims of the original White Paper in the NHS.41 Therefore it will be important to continue to fund
improvement in genetics services and research. A new framework for strategic development should be
40 Department of Health. (2003.) Our inheritance, our future: realising the potential of genetics in the NHS.
41 Department of Health. (2008.) Our inheritance, our future: realising the potential of genetics in the NHS Progress Review.
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developed to ensure that patients can continue to benefit from advances in genetic and genomic research and
it will be vital to continue to involve users of these services in the development of any such framework.

3.3 Within the NHS, the UK Genetics Testing Network (UKGTN) evaluates the eVectiveness of genetic tests
before they are adopted.42 The UKGTN assesses tests according to clinical and analytic validity as well as
clinical utility.43 However, Breakthrough is not aware of any body with responsibility for evaluating either
tests for biomarkers associated with disease susceptibility in the general population or pharmacogenetics
testing44 and there is a need to develop an evaluation and regulation system.

3.4 The Human Genetics Commission (HGC) provides advice to the Government regarding the social, ethical
and legal perspective on developments in human genetics. Recently, the HGC has expressed concern about a
significant regulatory gap relating to genetic testing oVered outside the NHS.45 There is currently no
mechanism to determine whether these tests are clinically relevant and companies are not prevented from
making unsubstantiated claims about the usefulness of their tests for predicting health outcomes. Commercial
companies producing these tests therefore have no obligation to produce tests which are based on good clinical
evidence.

3.5 There is a need for a system to assess genetic tests for clinical validity, analytic validity and clinical utility
before they are permitted to reach the UK market. If tests are proven to be useful and accurate this system
would also help streamline the process by which they might be made available on the NHS. It would also help
to prevent public trust in genetic technologies being undermined by the marketing of genetic tests of
dubious value.

3.6 Two key principles must govern the development of any policy regarding the regulation of genetic tests.
First, healthcare professionals and patients must be able to trust that the test they are using is accurate and
capable of reliably predicting a given health outcome. Only useful and accurate tests should be permitted to
reach the market. Detailed information, in plain English, should be made available to those ordering and
taking the test to explain the ability of the test to predict disease risk and its clinical relevance. Second, genetic
testing should be carried out only in combination with unbiased genetic counselling so that any results can be
explained, medical options communicated and support and advice provided (see sections 8.2–8.3). The HGC
has recommended that the recent Organisation for Economic Co-operation and Development (OECD)
Guidelines for Quality Assurance in Molecular Genetic Testing and other international standards could serve
as a basis for a code of practice for genetic testing that could govern all testing services.46

“It is essential to have clear written information to go with any testing. Even with counselling, it is
impossible to absorb all the information in one go.” Breakthrough Genetics Reference Group (GRG)
member.

3.7 Stricter restrictions on the advertising of genetic tests should also be considered. The majority of direct-
to-consumer genetic tests are available via the internet and, as health claims made on websites are not classified
as advertising, there is currently a lack of regulation on the claims companies can make for their tests.

3.8 It is important to consider the harm that misunderstandings about the accuracy and usefulness of genetic
tests could cause for people concerned about their risk of developing a disease. For example, people concerned
about their risk of breast cancer could be put oV from going for breast screening if they received a “low risk”
result from non-comprehensive genetic testing, or might be caused undue distress if they received a “high risk”
result without appropriate counselling. People who have taken a direct-to-consumer test may be driven back
to the NHS to find out more about their results, potentially putting primary healthcare services under pressure.
As our knowledge of the genes associated with breast cancer is incomplete (see section 4.4), there is a concern
that genetic tests looking at changes in genes other than the known breast cancer genes BRCA1, BRCA2 and
TP53 will provide misleading information about breast cancer risk at this time.
42 http://www.ukgtn.nhs.uk/
43 Clinical validity refers to the relationship between the genetic change being tested for and the disease or condition, analytic validity

refers to the accuracy of the test in identifying the genetic change and clinical utility means the likelihood that the test will lead to an
improved clinical outcome.

44 Pharmacogenetics testing examines genetic variation that may lead to a diVering response to drugs between diVerent patients.
45 Human Genetics Commission. (2007.) More Genes Direct: A Report on developments in the availability, marketing and regulation of

genetic tests supplied directly to the public.
46 Organisation for Economic Co-operation and Development. (2007.) OECD Guidelines for Quality Assurance in Molecular Genetic

Testing.
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“What would this test do to GP time if women were walking in having bought a test on the internet which
told them they were at risk and the time being used managing their fears unnecessarily… it might make
GPs a bit exasperated so when they do get a genuine case they might miss it.” GRG member.

4. Research and Scientific Development

4.1 Advances in genomics over the past two decades have impacted on almost every aspect of medical
research. The sequencing of the human genome, and the genomes of other organisms, now mean that the
contribution of almost any gene to a disease process can potentially be assessed. Genomics plays a vital part
in the study and understanding of cancer biology. For example, in cancer research, genomic approaches have
led to the identification of a number of genes involved in the tumourigenic process (the formation of a tumour).

4.2 Two new developments have had a large impact on cancer research. The first is the use of genomics to
refine the diagnosis and treatment of cancer. Scientists are beginning to understand the diVerences between
tumours in diVerent individuals at the molecular level. Genomics is at the centre of these eVorts and it is hoped
that genomic-based approaches will enable the better diagnosis of cancer, the better selection of appropriate
treatment options and a better understanding of cancer biology that will lead to the development of novel
therapeutics. The second is the development of novel technologies such as next-generation sequencing. These
technologies enable high speed and high throughput DNA sequencing and should give a better understanding
of the “normal” variability of the human genome, as well as the variations that lead to disease.47

4.3 Setting up these new techniques can be associated with high costs, so it is important to ensure that the
Government and other funding bodies are able to provide medical researchers with access to these
technologies. Costs in this field are large and escalating, and funders must be able to keep up with and provide
access to the latest technologies, which have an increasingly short shelf-life as this technology rapidly evolves:

“With the onset of next generation sequencing technologies… we will soon see how well the funding
bodies can respond to enabling the majority of medical researchers access to a novel, yet expensive
approach that has the potential to revolutionise medical research.” Scientific researcher.

4.4 Research at the Breakthrough Toby Robins Breast Cancer Research Centre, at the Institute of Cancer
Research, is a good example of the use of genetic approaches to cancer therapy development in the UK.
Women who inherit faults in the breast cancer genes BRCA1 and BRCA2 have an up to 85 per cent chance
of developing breast cancer in their lifetimes. Genetic techniques were employed to investigate mechanisms
that could be used to selectively kill BRCA-deficient cells whilst leaving cells with normal BRCA1 and BRCA2
unaVected. This led to the identification of molecules called PARP inhibitors as potential anti-cancer
therapeutics. A Phase I clinical trial of PARP inhibitors in 2006–07 was very successful and two Phase II trials
are now underway to investigate PARP inhibitors for women with breast or ovarian cancer linked to inheriting
a faulty BRCA gene.48

4.5 Research is increasingly uncovering new information about genome variation and risk of common
complex diseases such as breast cancer via whole genome association studies. A better understanding of the
genetic variation underlying disease could revolutionise the way we think about disease prevention and
treatment. However, it is important that these discoveries are not prematurely used for genetic testing. There
remains considerable research to be done to enhance our understanding of risk before this should be
considered, including investigating the individual contributions of specific genetic changes to disease, as well
as how these changes interact with each other and with lifestyle and environmental factors to aVect risk.
Genetic testing based on an incomplete understanding of the risk associated with genetic changes has the
potential to do more harm than good by causing unnecessary concern or falsely reassuring those taking the
test that they are not at risk of disease. There is currently little clinical utility in oVering such tests as we do
not know how lifestyle factors can raise or lower any risk associated with these genetic changes.

“[I’m] not sure we should be testing for some of this without evidence it will produce a benefit to
patients.” Clinical researcher.

“If you are going to oVer a genetic test it MUST be scientifically valid . . . The oVer should not make
any spurious claims that could not be justified in front of a panel of scientific peers (in the same way
that academic research is reviewed).” GRG member.

47 Mardis ER (2008) “The impact of next-generation sequencing technologies on genetics” Trends Genet. 24(3):133-41.
48 http://www.breakthrough.org.uk/research website 2008/clinical trials clinical researchers/clinical trials/parp inhibitor trial/

index.html
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5. Data Use and Interpretation

5.1 There are a number of projects within Europe, such as Ensembl,49 that are developing software systems
to provide free access to annotated genomes. Although these systems are remarkable sources of genomic
information, there are concerns within the scientific research community that the complexity of the data
prevents many scientists from both accessing and understanding the information they contain:

“I think that it is widely believed that the bulk of the information contained within genomic studies are
not shared so that the scientific community as a whole can get the most value out of them. The data are
complex, and this is diYcult.” Scientific researcher.

5.2 Furthermore, the generation of large datasets from next-generation sequencing technologies will pose
significant challenges to the storage, sharing and management of such data.

5.3 Researchers have indicated that a common public database would be their preferred approach for the use
and presentation of genomic data as it would allow transparency and accessibility to the largest scientific
audience available. Experience from open source projects has indicated that this approach is also an eVective
way for the scientific community as a whole to find and fix errors, thus safe-guarding information quality.
However, it will be important to ensure that there is an appropriate balance between public access and security
of any associated patient or personal data. Extra safeguards to research could also be added to databases by
only allowing access to scientific users with appropriate institutional agreements.

5.4 The format of genomic data is important for its consistent and accurate use and translation into other
research applications. Standards exist for the quality, management, annotation and exchange of genomic data,
such as those developed by the Microarray and Gene Expression Data (MGED) Society.50 However, the
associated clinical and pathological information recorded in publications and databases of genomic studies
can be inconsistent in format and quality and there are no equivalent standards for the reporting of supporting
clinical information. Inconsistencies in associated medical data prevent genomic information from being
interpreted for clinical benefit:

“The value of genomic data is multiplied many fold by the acquisition and recording of appropriate
clinical information.” Scientific researcher.

“. . . a very poor link exists (at its best) between genomic information and clinical/pathology
annotation, which severely compromises the advances that would lead to genomic medicine.” Scientific
researcher.

Therefore a requirement exists for standardised annotation of clinical and pathology data, with prior
anonymisation to maintain patient confidentiality, not only at the time of sample acquisition, but also during
data submission for publication. This could be facilitated through the development of classification systems
and controlled vocabularies.

5.5 In order to facilitate breast cancer research, Breakthrough scientists are collecting research data from
teams within the Breakthrough Research Centre as well as published external sources in order to integrate
knowledge of breast cells and their interactions into a single database. This work aims to develop a data
integration platform to facilitate the analysis and mapping of a range of biological datasets, including genomic
information. It is hoped that such informatics work will facilitate the detailed mapping of key pathways
involved in breast cancer tumourigenesis (tumour development) and metastasis (the processes by which cancer
spreads from where it originally developed), as well as the identification of novel drug targets and the
development of new and better potential drug compounds.

5.6 The link between evaluating genomic data and addressing its utility must be made via translational
research and requires the input of disciplines including basic research and genomics, bioinformatics (including
mathematical analysis and statistics) and clinical practice. Breakthrough hopes that the promotion and
advancement of genomic-related translational research will fall under the remit of the OYce for Strategic Co-
ordination of Health Research (OSCHR).

5.7 The Governing Genetic Databases Project51 will investigate current practices for the collection, storage
and use of DNA and information used for genetic research as well as the laws and governance provisions that
apply to genetic databases. The project will eventually make recommendations for more appropriate and
eVective governance methods and models. Breakthrough hopes that the recommendations will be taken
forward and will lead to the development of a uniform system for the governance of genetic databases
throughout the UK, and possibly Europe. It will, however, be important that any governance changes are
49 http://www.ensembl.org/index.html
50 http://www.mged.org/
51 http://www.ggd.org.uk/index.cfm?fuseaction%home.index
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made with the full consultation of the scientific community and patient organisations to ensure that they
protect patient confidentiality without hindering the advancement of scientific and clinical research.

5.8 There is, however, potential for abuse in the use and interpretation of genetic information. Women with
a family history of breast cancer are extremely concerned that the results of genetic tests may be used against
them by insurers or employers, and some believe there should be legislation to prevent this:

“I feel that people may lose out in obtaining jobs or keeping their jobs due to employers being able to
find out that a particular person has a genetic predisposition [for a disease]. If the legislation is not there
this may… allow employers to pick and choose their workforce on medical grounds and maybe the
longevity of their workforce and not on how good they are at their job.” GRG member.

“I believe that people will be discriminated against, and will either only be able to obtain insurance at
high premiums, or even will become uninsurable.” GRG member.

5.9 Women with a family history of breast cancer have told Breakthrough that they might decide not to
undertake a predictive genetic test for breast cancer risk if they knew their results might be used by insurers
now or in the future. This is a real concern, as the results of predictive genetic tests can help them to make
important decisions about their health, such as deciding whether to undergo preventative surgery. The decision
to take a genetic test can also impact on the lives and healthcare decisions of children and other relatives. A
child of an individual with a fault in one of the BRCA genes has a 1 in 2 chance of inheriting that fault.

5.10 At present, the Moratorium between the Government and the Association of British Insurers (ABI)
prevents insurers from using the results of predictive genetic tests in setting premiums for life, critical illness,
and income protection insurance.52 The Moratorium means that people with adverse genetic test results are
still able to get reasonable levels of insurance coverage.

5.11 The Moratorium has recently been extended so that it expires in 2014.53 The Moratorium should
continue to be extended or legislation, possibly via the proposed Single Equality Bill, should be put in place
to enshrine the Moratorium by banning the use of predictive genetic test results in setting premiums for life,
critical illness, and income protection insurance. However, care is needed to ensure that any such legislation
would give at least the current level of protection that the Moratorium provides, if not more. This would allow
people to undergo predictive genetic tests without the fear that their test results could be used against them
now or in the future.

6. Translation

6.1 The behaviour of a cancer is based on its genomic profile. As the identification of the genes involved in
tumourigenesis increases, this should eventually lead to the ability to determine the clinically-relevant genomic
profile of any individual tumour, allowing targeted, individualised treatment and a better prediction of disease
outcome. One such application of genomic research that is already used in the clinic is HER2 testing of breast
tumours to determine if they will respond to treatment with Herceptin.54

6.2 Clinicians play a leading role in translational research. Breakthrough supports the development of
clinicians who wish to undertake initial training in breast cancer research or who want to further their research
careers through our Avon Clinical Research Fellowships and the Breakthrough Clinical Researcher
Programme. A focus of our research strategy is translational research, for example in the analysis of gene
expression in oestrogen receptor positive breast tumours to determine mechanisms of resistance to hormone
therapy.

6.3 Investment in translational research is essential so that advances in basic research can be of benefit to
patients in the clinic:

“Without investment we fall behind scientifically and commercially. You have to get experience and
knowledge to progress.” Clinical researcher.

6.4 The UK is well-placed to lead in the area of translational research, especially because of the quality of our
clinical (eg tissue) specimens and the associated patient data that can be accessed via the NHS (eg diagnosis,
disease outcome). However, it is important that electronic patient data is consistently coded and linked so that
genomic data can be included in a useful manner (see section 5).
52 HM Government and the Association of British Insurers. (March 2005.) Concordat and Moratorium on Genetics and Insurance.
53 Association of British Insurers. (13 June 2008.) Insurance genetics moratorium extended to 2014. Press release.
54 As part of the testing procedure, breast tumours may be subject to a technique called fluorescence in situ hybridisation (FISH) to

determine whether the HER2/neu gene has been amplified in the tumour cells. Amplification of the gene and over-expression of the
HER2 protein indicates that the breast tumour is likely to respond to treatment with Herceptin.
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6.5 As genomic science progresses, new and better ways to analyse tissues and individuals will be developed
and so it is unlikely that any one-oV programmes of investment in this area would be “future proof”. It is
important that there is continued investment in this area to ensure that UK science can keep up with advances
in genomic medicine. Bodies such as OSCHR will play important roles in directing funds to and promoting
mechanisms of the translation of genomic advances into clinical benefit.

7. Biomarkers and Epidemiology

7.1 Women aVected by breast cancer tell Breakthrough that they would value research into rapid and more
accurate diagnostic techniques that would point to the most appropriate and eVective treatment for them.
Information on clinical outcomes is also important to them. Research to better identify biomarkers that will
assist in diagnosis and the specific tailoring of treatment regimens should be encouraged and assisted.

7.2 One sub-group in which the identification of biomarkers will play an important role is women with a
strong family history of breast cancer in whom no known heritable genetic mutation has been identified. These
women often undergo preventative surgery to remove their breasts and ovaries without knowing for certain
whether they have inherited a gene fault that will make them more likely to develop breast cancer.
Breakthrough hopes that the recent formation of the network of Experimental Cancer Medicine Centres55

will allow a greater focus on translational biomarker research to progress within the UK and for the benefits
to reach patients as quickly and eVectively as possible.

7.3 Genomic data will have an impact on data emerging from biobank projects by providing the potential to
investigate gene-environment interactions. Such research may improve the understanding of cancer aetiology
(the understanding of the cause or origin of disease) and may possibly lead to personalised, more eVective,
cancer prevention. Furthermore, the blood samples from biobank projects can be used to identify a greater
number of cancer predisposition genes.

8. Use of Genomic Information in a Healthcare Setting

8.1 As stated above (sections 4 and 7), genomic information that is linked to patient data on diagnosis,
pathology and disease outcome could potentially lead to a better understanding of tumourigenesis and gene-
environment interactions, and therefore the aetiology of cancer. As highlighted in section 5, it is very important
that genomic data can be consistently and accurately linked to good quality pathology data in order to aid
disease classification and that clinical data is coded and standardised. These measures will help to ensure
eYcient translation on research advances into the clinic.

8.2 The decision to take a genetic test is extremely personal, complex and often diYcult. It is very important
that those considering genetic testing have access to genetics counsellors trained to guide people through the
diYcult decisions of whether to undergo genetic testing, the implications of their results for themselves and
their families and of the choices that are available to them to manage their risk:

“In my experience the interview with the genetic counsellor before deciding whether to take the test was
much more valuable than any test could have been. She was able to work out that there was a high
probability given my family history that I would get a positive result and talk to me about how prepared
I was for that kind of knowledge and what I might do with it.” GRG member.

“In my case I still feel that I would like to talk to someone who can look at my case and give me up to
date advice on what my family’s risk is and what we could be doing about it.” GRG member.

“Lack of knowledge and a positive result could mean panic and some hasty decisions being made. Some
form of counselling is required so people are aware of the consequences of a positive result.” GRG
member.

8.3 The decision whether to take a genetic test should be based on the needs and wishes of the patient and the
clinical utility of the test. How genetic counselling is provided, and by whom, is of the utmost importance. As
advocated by the Genetic Counsellor Statutory Regulation Steering Group, it would be beneficial to develop
a mandatory regulatory code to govern the provision of genetic counselling.56

8.4 The rapid pace of developments in genomic technologies and medicine means that many healthcare
professionals will need additional education support to improve their understanding and integration of
genomics, as well as transcriptomics and epigenetics.57 It will also be very important to ensure the continued
55 http://www.ecmcnetwork.org.uk/
56 http://www.agnc.org.uk/About%20us/GCSRSG.htm
57 Transcriptomics is the study of the expression level of mRNAs (“transcripts”) in cells and reflects the genes being actively expressed

at any one time. Epigenetics is the study of stable alterations in gene expression that do not involve changes to the basic DNA sequence.
In this way environmental eVects can cause genes to be turned on or oV.
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supply of trained genetics counsellors to the clinic and to educate primary healthcare professionals on genetics
and risk so they can refer people to genetics services as appropriate.

APPENDIX A

EXTRACT FROM BREAKTHROUGH BREAST CANCER’S GENETICS SUMMIT,
23 NOVEMBER 2006

Present

Andy Burnham MP, Minister of State, Department of Health.

Professor Alan Ashworth (Chair), Val Davison, Professor Diana Eccles, Professor Gareth Evans, Professor
Peter Farndon, Chris Jacobs, Mary Kennedy, Alastair Kent, Dr James MacKay, Dr Christine Patch, Dr Sarah
Rawlings, Su Stenhouse, Professor Richards Trembath, Dr Andrew Tutt, Jacquie Westwood, Louise Wilder.

Observers

Diana Paine (Department of Health), Alicia Ionannou (Department of Health).

Vicki Nash (Breakthrough Breast Cancer), Imran Hussain (Breakthrough Breast Cancer), Sarah Etwell
(Breakthrough Breast Cancer), Dr Norman Freshney (Breakthrough Breast Cancer).

The “Genetics Revolution”

The session began with a presentation by Professor Alan Ashworth on a perspective of the genetics revolution.
Key points that emerged from the ensuing discussion were:

Information for information’s sake: The Minister posed the question of how useful and usable genetic
information will be. The clear view of the meeting was that genetic information is increasingly useful and
usable.

Cost implications for the NHS: The more we know about how genetics impacts on diseases, the better we can
be at targeting services and treatments to those most at risk of developing diseases. Such investment in targeted
areas and disinvestment in others would potentially save the NHS significant financial resources. An example
was provided where a particular drug is given to a targeted audience, rather than blanket coverage such as
chemotherapy. Another example was provided where those most at risk are screened more regularly using the
most appropriate techniques.

Susceptibility tests: The number of susceptibility tests available will increase as more targeted drugs come on
to the market. It was felt by some that this could impact on the workload of NICE and that a wider discussion
around the future of drug pricing for the NHS is needed.

It was suggested that there needs to be a discussion on whether the NHS should pay for this type of test. A
particular view was that susceptibility tests need to be recognised as being clinically important before being
oVered.

Improved integration of systems: There was strong consensus towards developing a system of genetics networks
to aid co-ordination and share best practice of service development and configuration. It was argued that some
genetics services will need to be reconfigured. There was a suggestion that the networks could be similar to
cancer networks already in operation.

Transition from specialist to mainstream services: It was recognised that now is a vital time for genetic services.
Although genetics services are specialist services, there is agreement that in the future they will be part of the
mainstream NHS. It was felt decisions taken over the next months and years would determine how well this
transition would happen.

The Minister explained he was aware of the issue of the transition period from specialist to mainstream services
and that genetics services will be at the heart of a preventative NHS.

Payment by results: It was highlighted that services are currently commissioned diVerently across the country
resulting in a diYculty to get a standard cost per episode. Therefore, careful work will be needed to ensure any
tariV set under Payment By Results is adequate to meet the costs of providing the genetics service.

The research agenda: The Minister made clear he felt that research was moving up the Department of Health
agenda, particularly as both the Comprehensive Spending Review and the Cooksey Review are taking place.
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Memorandum by the Breast Cancer Campaign

Summary of Key Points

— There has been a substantial amount of genomic information gathered that has helped us to better
understand why and how diseases such as breast cancer develop.

— New technologies have become more readily available to researchers enabling progress to be made.

— There is great potential for genomic research to build on the progress made so far, resulting in
substantial translational benefits to patients in the future.

— New developments in identifying genes of low penetrance58 oVer promising signs that in the future
a greater number of those at high risk of disease will be identified.

— There is a need for much more cross-disciplinary working within genomic research.

— Future research should be focussed upon addressing the gaps in current knowledge and funding
should be prioritised accordingly.

— Advances in research rely on having appropriate technologies and tissues available and on training
for scientists and clinicians.

— The application of computational tools such as bioinformatics has become essential to utilise the vast
amounts of genomic data.

— Further genomic research will enable better combinations of treatment to be used.

— The reliability of genetic testing could be substantially improved through further genomic research,
leading to direct benefits to patients through improved medical advice.

— Biomarkers can identify those patients that are likely or unlikely to respond to a particular therapy,
leading to a better use of resources that is more sensitive to patients.

— There is an urgent need for genetic material to become more readily available, as a shortage of
resources will hinder future progress through research.

— Improved genomic information will allow clinicians to give a more accurate diagnosis for patients,
and to recommend more specialised treatments as a result.

1. Introduction

1.1 Breast Cancer Campaign welcomes the opportunity to submit evidence to the House of Lords Science and
Technology Committee inquiry on Genomic Medicine. The inquiry aims to provide an assessment of genomic
technologies and their actual and potential impact on clinical practice. This paper refers to the specific aspects
of the inquiry’s terms of reference that are of direct relevance to the research that Breast Cancer Campaign
funds.

1.2 We specialise in funding innovative world-class research to understand how breast cancer develops,
leading to improved diagnosis, treatment, prevention and cure. We aim to be the leading specialist in breast
cancer research across the UK and the Republic of Ireland, making a significant impact on breast cancer for
the benefit of patients. We currently fund 107 projects throughout the UK worth over £13.1 million.

1.3 Breast Cancer Campaign believes that genomic medicine is a vital research priority for breast cancer
research, one that requires wholehearted government support. Almost a third of the charity’s 107 research
projects are focused within this area. To illustrate its potential value to patients we have used examples of our
research below. We believe that further analysis of the genome will provide a better understanding of numerous
diseases, including breast cancer, leading to improved, targeted treatments tailored to individual patients.

1.4 This document has been prepared in consultation with a selection of Campaign’s current researchers
whose research interests lie in genomic medicine.

2. Research and Scientific Development

— What is the state of the science? What new developments are there?

— How much collaboration is there?

— What are the current research priorities
58 Please see glossary of terms provided.
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State of the science

2.1 Breast Cancer Campaign has recently led a ground-breaking project to identify where further research
needs to be done that would bring the greatest benefit to patients. The breast cancer research gap analysis59

has recently been published, bringing together the expertise of 56 eminent breast cancer researchers to identify
the limitations of current research into the pathophysiology, detection, treatment, prevention and psychosocial
aspects of breast cancer.

2.2 From the genomic knowledge that research has already cultivated, we understand that there are multiple
genes of varying degrees of penetrance that are involved in predisposition to breast cancer. Genome wide
screens and somatic genetic approaches are continuing to identify further genes involved in breast cancer.

2.3 Both BRCA1 and BRCA2 are well known to be breast cancer susceptibility genes of high penetrance,
accounting for up to 10 per cent of all cases of breast cancer. However, the overall knowledge on their actions
within the body is far from complete. Similarly, there are limitations in the current knowledge of the large scale
genetic rearrangements that occur in tumour cells, which is required to give us a better understanding of how
breast cancer develops. Low penetrance genes are also a key area for research to focus upon, and there is a
need for better knowledge on how their variations aVect and interact upon the risk of breast cancer. Research
around the world over the last five to 10 years has been largely unsuccessful in identifying common breast
cancer gene variants until now. This type of low penetrance variant requires very large studies that can only
be successfully achieved through collaboration, both between research centres and between scientists and
doctors.

New developments

2.4 In 2007, Professor Doug Easton and colleagues, published a study in Nature outlining the discovery of
five new low penetrance genes thought to be involved in breast cancer development. The study compared the
genes of 20,000 breast cancer samples and 20,000 normal samples and discovered genetic mutations in five
genes that have between a 10-35 per cent risk of developing breast cancer.

2.5 In a new study funded by Breast Cancer Campaign, Professor Easton is now focusing on one of those five
genes, TNRC9, which is found in high levels in breast cancer cells that metastasise quickly. This project aims
to find out exactly what part of the gene the mutation occurs in, and will study the gene in breast cancer and
normal cells in the laboratory to ascertain its role in aiding breast cancer cell growth and metastasis. The eVects
of the gene in breast cancer metastasis will also be examined in mouse models. The combined results should
provide exciting new information on the gene’s involvement with breast cancer, which could lead to genetic
testing for the gene or to treatments tailored to those with the variant.

Collaboration

2.6 One of the main generic needs relevant to all areas of our breast cancer research gap analysis was the
necessity of much more cross-disciplinary working, and this is certainly the case within genomic research.
There is a serious need for networks of collaboration to be fully established that include the provision to
collaborate on areas of genomic research. The current initiatives fostering collaboration within the UK tend
to focus on specific funders of research, for example the Medical Research Council and the NHS. There is
presently no initiative to involve all funders of research in collaboration, and we believe that this will continue
to slow down advancement across all areas of research.

2.7 Collaboration is paramount to ensuring that our genomic knowledge in areas such as biomarkers is
increased as quickly as possible, but also to ensuring that the knowledge gained is used to its fullest extent in
all areas of research that may benefit from it. Developing new collaborative initiatives, which would be
multidisciplinary and involve public, charity and pharmaceutical funded research, would provide an
important opportunity for this knowledge to be more widely expanded.

Research priorities—addressing the gaps

2.8 For knowledge on gene variants to be significantly improved through research, a number of obstacles need
to be overcome. Such research relies upon large supplies of high quality genetic material that is easily accessible
to those that require it. At present this is not readily available to all researchers. Large scale experiments, such
as gene sequencing, are also extremely expensive to conduct, and so large levels of funding are required for this
59 Thompson et al, Evaluation of the current knowledge limitations in breast cancer research: a gap analysis. Breast Cancer Research

2008, 10:R26. http://breast-cancer-research.com/content/10/2/R26
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type of research to be carried out successfully. This will also result in an enormous amount of information,
which cannot be easily analysed without expert bioinformatic analysts.

2.9 The benefits to patients through further genomic research will have significant implications for breast
cancer patients in three key areas:

— Comprehensive genomic knowledge will lead to a substantially improved estimation of genetic risk
of breast cancer.

— Classifying individual breast tumours according to genetic information will help to predict a more
accurate prognosis in addition to more accurately predicting the eYcacy of treatment.

— Research will lead to the creation of new therapies targeted to patients of a particular genomic
makeup.

3. Data Use and Interpretation

— Is genomic information published, annotated and presented in a useful way? Should there be a
common, public database? If so, who should fund, and have responsibility for, such an initiative?

3.1 With the quantity of genomic data that has emerged from cancer research in recent years vastly increasing,
the application of computational tools such as bioinformatics has become essential. In 2003, the National
Cancer Research Institute (NCRI) established the NCRI Informatics Initiative, aiming to bring together data
gained in every area of cancer science and medicine into one fully integrated and accessible knowledge base.

3.2 The data currently produced from research ranges from genomic information to large population studies,
and it is hoped that by having a central access point for this data new avenues for research will be opened up.
Making this data available and accessible will streamline the translation of cancer research into better
prevention, treatment and care. The Initiative has formed international links with similar programmes in the
United States and Europe, such as the US National Cancer Institute Centre for Bioinformatics, which further
adds to the pool of information available to researchers.

3.3 From 2008, Breast Cancer Campaign will include in the terms and conditions of all our research grants a
recommendation that the research teams deposit all of their findings with the NCRI Informatics Initiative. We
believe that this is a vital means of ensuring that the findings of our research are used to their fullest potential.

4. Translation

— What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

— How meaningful are genetic tests which use genome variation data?

Future opportunities for diagnostics, therapeutics and prognostics

4.1 Our breast cancer research gap analysis highlights that there is an incomplete understanding of the biology
of breast cancer. For example, we are still unable to determine why certain cancers metastasise and others resist
certain drugs. The gap analysis indicates that there is a need to increase this knowledge in order to create
therapies tailored to the individual. An enhanced understanding of the sequencing, combinations and
durations of treatments could have significant translational benefits in the future. It could also result in
financial benefits by ensuring that treatments are not provided to those that genomic testing has indicated
would not respond.

4.2 Dr Jennifer Quinn and Professor Paul Harkin are both carrying out work funded by Breast Cancer
Campaign at Queen’s University in Belfast, investigating the genomic relationship on the eYcacy of certain
breast cancer treatments. The BRCA1 gene regulates cell growth in the breast, and the loss of the gene is a
significant factor in the development of both inherited and sporadic breast cancer. Chemotherapy drugs work
by damaging the DNA in cells or by preventing cell division. Dr Quinn’s work showed that the loss of the
BRCA1 gene may make tumours more responsive to chemotherapy that acts by damaging DNA, with the
presence of BRCA1 making tumour cells resistant to the same treatment.

4.3 Working together with Professor Harkin, Dr Quinn aims to understand the mechanism by which BRCA1
has this important eVect on DNA damage based chemotherapy. She believes that BRCA1 switches on or oV
key target genes that then make the tumour resistant or sensitive to the chemotherapy. Rather than access these
genes one by one, DNA Chip technology allows her to screen thousands of genes simultaneously. ChIP on
chip analysis and high throughput siRNA based screening will then find which BRCA1 target genes are most
important in mediating this eVect. This will ultimately result in the identification of BRCA1 target genes that



Processed: 29-06-2009 21:14:40 Page Layout: LOENEW [E] PPSysB Job: 411271 Unit: PAG1

502 genomic medicine: evidence

will represent markers of response or resistance to DNA damage based chemotherapy. We believe that this will
then lead to a targeting of breast cancer drug development strategies.

4.4 For the prospects of advancement in this area, resources should be put in place to provide for the collection
of high quality clinical material from breast cancer patients before and during treatment, which would include
primary tumours as well as metastatic deposits. Genomic research is dependent on the availability of
appropriate technologies and tissues and on training for scientists and clinicians. The type of research
mentioned above simply could not take place without state of the art techniques such as DNA Chip
technology.

4.5 There is also a need for an eVective monitoring system to record the response to and development of
resistance to therapy, as well as early disease progression, in order to ensure that this information is readily
accessible and simple to collect.

4.6 Research should also examine the role of the tumour microenvironment and the immune system in the
development and treatment of breast cancer.

Efficacy of current genetic testing

4.7 Current genetic testing allows people to have their DNA tested to find out whether the breast cancer
susceptibility genes, BRCA1 and BRCA2, are unaltered and so operating normally. Those with a family
history of the disease often have mutations in these high penetrance genes, which have up to an 85 per cent
lifetime risk of developing breast and ovarian cancer. Currently, however, testing cannot distinguish between
the many diVerent mutations that may have happened to BRCA1 and BRCA2, only that they are mutated.

4.8 It is possible that in some cases where a BRCA1 and BRCA2 mutation will have been identified, the
resultant eVect will prove to be relatively insignificant. Mutations to these two genes generally tend to result
in the production of shorter proteins, and it is this that may then lead to cancer forming. However, some
mutations to BRCA1 and BRCA2 are more subtle than this, and their eVects are less easy to predict. Not all
alterations to these genes will lead to breast cancer developing.

4.9 Dr Joanna Morris is being funded by Breast Cancer Campaign to examine this further at King’s College,
London. The focus of her work is centred on a particular region of the BRCA1 gene where these subtle
mutations occur, in order to ascertain whether these lead to the development of breast cancer. With a clearer
picture of which precise mutations to the BRCA1 gene lead to breast cancer, genetic testing will be made more
accurate. This will have direct benefits in ensuring that those people that have a relatively harmless mutated
gene will not have any unnecessary preventative interventions such as prophylactic mastectomies.

5. Disease Markers in Breast Cancer

— In what way do genome-wide association studies contribute to the identification of biomarkers? How
is the study of genetic factors and biomarkers integrated for translational purposes?

5.1 Presently, patient groups can be successfully stratified in clinical trial by using biomarkers, an example
being according to HER2 positive receptors expressed by breast cancer cells. Identifying these types of
biomarkers can have direct translational benefit through accurately recognising which of the five specific types
of breast cancer a patient has, in addition to accurately predicting which patients are most and least likely to
respond to a particular treatment.

5.2 Our breast cancer research gap analysis has highlighted several key areas that require immediate focus for
research. Disease marker concepts should be applied to trials of treatments for pre-invasive disease including
ductal carcinoma in situ and to models of sentinel lymph node assessment, where funding is limited and where
long-term follow-up is required to obtain robust clinical data, but where we need a better understanding of
the pathophysiological processes involved.

5.3 Clinical, radiological, pathological and genomic data is not currently combined in trial populations, and
no robust validated markers have yet been developed for predicting a patient’s response to chemotherapy or
radiotherapy. There is also a serious need for improved prognostic indices based on disease markers, and no
consensus exists for markers indicative of resistance to therapy.

5.4 Such markers have been proposed (for example ER-positive, PgR-negative tamoxifen-resistant cancers),
but there is little agreement about methodology or cut-oVs of scores for clinical application, or indeed their
overall value. In addition, some markers may not be useful once regimens or therapies are superseded. We
therefore need to compare, and potentially combine, markers such as the ER and PgR with pathological
markers (such as histological type, grade and node metastasis), which have prognostic importance. Funding
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for robust studies evaluating these markers is crucial, but is rarely achieved without financial support from the
pharmaceutical industry.

5.5 Barriers have also been identified that are hindering this promising area from further development. Any
new assays that are developed must stand up to the day-to-day challenges of clinical practice, of which the
current quality is highly variable. RNA-dependent assays have for example been considered less robust than
protein- or DNA-based assays in the breast cancer setting.

5.6 There is also a strong need for tissue handling to be standardised. Clinical trials have rarely developed
standard procedures for collecting and documenting tissue, although more recent, innovative trials do so. Even
then, delivery time and costs may prevent techniques and markers from being widely used in clinical practice.
In addition, the impact of some legislation (such as Good Clinical Practice and Good Laboratory Practice) and
ethical approval processes on the funding, management, ownership and access to tissue collections and
associated clinical data have both aVected the development, choice and use of markers. Academic pressures
(particularly the influence in the UK of the Research Assessment Exercise) may also be counterproductive to
collaborative translational research, which should (but may not be) recognised as of high value.

5.7 We believe therefore that for the progress in the area of biomarkers to move forward, there is a need to:

— design innovative trials and translational studies to develop and evaluate predictive and prognostic
markers;

— develop close multidisciplinary collaboration with high-quality histopathology and rigorous
scientific assessments to validate new markers important for patient outcome; and

— identify robust markers of resistance or sensitivity to therapy that can be applied across the spectrum
of breast disease from screen-detected to metastatic breast cancer.

6. Use of Genomic Information in a Healthcare Setting

— What impact will genomic information have on the classification of disease?

— How useful will genomic information be as part of individualised medical advice?

Disease classification

6.1 As genomic knowledge increases, clinicians will be able to make better diagnoses and treat breast cancer
more eVectively. The genetic information obtained from breast cancer cells can be studied to discover
important information that will help clinicians to select the most appropriate treatment.

6.2 Genetic information that impacts on disease classification has been discovered by Dr Andrew Green, who
holds a grant funded by Breast Cancer Campaign at the University of Nottingham. Dr Green has identified
six new distinct types of breast cancer that reveals information on patents’ long-term survival and response to
treatment. These six diVerent variations of breast cancer are distinguishable by the diVerent proteins present
within the cancer tissue, with each class associated with diVerent rates.

6.3 Dr Green hopes this discovery will allow clinicians to give a more accurate diagnosis for breast cancer
patients by classifying their cancer to the types identified, and to recommend more specialised treatments that
will be more eVective. By identifying at the point of diagnosis how precisely a person’s breast cancer will
develop, clinicians will be able to decide on the best treatments specific to that patient, providing them with
the best possible chance of recovery.

6.4 On diagnosis of breast cancer, a patient may be oVered a variety of diVerent treatments by their clinician.
In the majority of cases of breast cancer, patients will receive radiotherapy as a means of destroying any breast
cancer cells that remain post-surgery. This has proven to be a very eVective treatment, but for a small number
of patients it can result in adverse side-eVects. At the end of treatment, some experience marked redness and
peeling of the skin, which usually rapidly heals. Others will at a later stage develop unsightly red blood vessels
or thickening beneath the skin, often associated with chronic pain, which are lifelong.

6.5 It is currently impossible to identify which patients are susceptible to these side-eVects prior to receiving
treatment. In a project funded by Breast Cancer Campaign, Dr Paul Symonds of the University of Leicester
is attempting to determine whether there is a genomic explanation as to why these side-eVects occur for some
patients after receiving radiotherapy. By examining the genes of 1000 patients, Dr Symonds is aiming to
identify those genes that are crucial in determining whether a patient will exhibit these adverse reactions.
Ultimately this study could lead to a test to identify those that are most likely to be subject to these side-eVects,
enabling clinicians to advise patients of these risks prior to treatment.
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7. In Summary

7.1 Breast Cancer Campaign believes that genomic medicine has enormous potential to ensure significant
clinical benefits to patients in the future. The progress already made has enabled the research community to
better understand the causes and mechanics of diseases such as breast cancer, and further investment is needed
to take this forward.

7.2 The projects referenced in this submission provide just some of the exciting genomic research that Breast
Cancer Campaign currently funds. We believe that research is the start of the solution, and that for the full
benefits of genomic medicine to be realised in the future it is essential that both the gaps and barriers in research
are addressed. We believe that genomic medicine will become a key part of future treatments, and we are
confident that by utilising state-of-the-art technologies we will soon see more translational benefits for
patients.

Glossary of terms

Bioinformatics—the application of computational techniques to the management and analysis of biological
information.

Chemotherapy—use of chemical agents in the treatment or control of disease.

ChIP on chip—a technique for isolation and identification of the DNA sequences occupied by specific DNA
binding proteins in cells. Also known as genome-wide location analysis.

DNA—deoxyribonucleic acid, one of two types of molecules that encode genetic information.

Ductal carcinoma in situ—a condition whereby the cells lining the milk ducts (the channels in the breast that
carry milk to the nipple) are cancerous, but stay contained within the ducts without growing through into the
surrounding breast tissue.

ER-positive—term used to describe a breast tumour that contains estrogen receptors and is therefore likely to
respond to treatment with Tamoxifen.

Gene sequencing—determination of the sequence of nucleotide bases in a strand of DNA

Herceptin—drug used to treat breast cancer that is HER2-positive and has spread after treatment with
other drugs.

Histopathology—the study of the microscopic anatomical changes in diseased tissue

Metastasis—the process by which cancer spreads from the place at which it first arose as a primary tumour to
distant locations.

Pathophysiology—the functional changes associated with or resulting from disease.

Penetrance—the degree of regularity with which a gene produces its specific eVect in its carriers in a
population.

PgR-negative—term used to describe a breast tumour that lacks progesterone receptors.

prophylactic mastectomies—surgery to reduce the risk of developing breast cancer by removing one or both
breasts before disease develops.

Radiotherapy—the treatment of disease with ionizing radiation.

RNA—ribonucleic acid, a nucleic acid molecule similar to DNA but containing ribose rather than
deoxyribose.

Sentinel lymph node—the first lymph node to which cancer is likely to spread from the primary tumour.

siRNA based screening—a method used to identify gene targets for the development of new treatments.

Tamoxifen—a nonsteroidal oestrogen antagonist used in the treatment of advanced breast cancer in women
whose tumours are oestrogen-dependent and also used prophylactically by some women at risk for breast
cancer.

April 2008
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Memorandum by the British Association for Applied Nutrition & Nutritional Therapy

1. We are submitting to the above inquiry in relation to the use of genetic profiling in the practice of nutritional
therapy and to highlight some points which may be of interest.

Nutritional Therapy and Nutrigenomics

2. Nutritional therapy (NT) is the manipulation of the individual’s environment through diet, nutraceuticals,
lifestyle changes and education to promote optimum health, peak performance, disease prevention and patient
care. In the US NT is known as “functional medicine”.60 Nutrigenomics is the science which looks at the
relationship between nutrition and health at the molecular level. In 2004 Kaput and Rodriguez61 proposed
the now commonly quoted five tenets of nutrigenomics, ie that:

— common dietary chemicals act on the human genome, directly or indirectly, to alter gene expression
or structure;

— under certain circumstances, and in some individuals, diet can be a serious risk factor for a number
of diseases;

— some diet-regulated genes (and their normal, common variants) are susceptibility genes and likely to
play a role in the onset, incidence, progression, and/or severity of chronic diseases;

— the degree to which diet influences the balance between healthy and disease states may depend on an
individual’s genetic makeup; and

— dietary intervention based on knowledge of nutritional requirement, nutrition status, and genotype
(ie “individualized nutrition”) can be used to prevent, mitigate, or cure chronic disease.

3. The NT practitioner, using a personalized health model, may use genetic data to help inform practice to
help reduce the risk of disease where the emergent phenotype results from the complex interaction between
multiple genes (including epistatic and epigenetic) and environment, ie by identifying variants whose ultimate
expression can be nutritionally modulated to benefit overall health status. Phenotype assessment is a core
feature of NT practice: use of functional testing and other surrogate markers aids practitioner-client education
in personal risk, which includes an appreciation of optimistic bias.

60 http://www.functionalmedicine.org
61 Kaput J, Rodriguez R L. Nutritional genomics: the next frontier in the postgenomic era. Physiol Genomics 2004;16(2):166–77.
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Drivers for Personalized Nutrition
•Proactive:

general well-being/anti-ageing

family history/targeted risk-reduction

high risk occupation/environment

Poor response to treatment

•

•

•

•

GENETIC
PROFILING

broad or trgeted

PHENOTYPE
ASSESSMENT

broad or targeted biomarket or
functional assessment

Personalised nutrition and lifestyle
advice: including risk assessment

PHENOTYPE ASSESSMENT
Digestion/Absorption and Microbiological Markers-
Cardio/Circulatory Markers - Inflammatory/Immune

Markers - RedoxBalance + Oxidative Stress +
Mitochondrial Function -

Detox/Boitransformation/Excretory Function -
Hormonal and Neurotransmitter Markers

Transgenerational epigenetic inheritance. Nutrition in utero.
Dynamical interactions from small or large pertubations, eg: stress,

trauma, weight change, occupation/environment change, fitness levels,
medications, gene transcription changes/epigenetic modifications,

CLOCK mechanisms, age-glycosylation, nitrosative/oxidative stress,
oral and gut microbiology

LIFE-LONG
ITERATIVE
PROCESS

Disease-risk Reduction and Prevention in Clinical Practice and Law

4. The principle of disease risk reduction (DRR), as distinct from prevention, was incorporated into EU law
in the 2006 Nutrition and Health Claims Regulation (NHCR), which requires that all structure/function and
DRR claims on foods and nutraceuticals must be pre-approved by the EU Commission and meet a standard
of substantial scientific agreement. The EU-funded PASSCLAIM project62 was tasked with establishing how
claims would be substantiated; it identified a number of functional biomarkers, or surrogate end-point
markers, to be used for DRR claims. The DRR paradigm recognises that chronic conditions are the product
of multiple gene-environment influences. PASSCLAIM identified markers for: diet-related cardiovascular
disease; bone health and osteoporosis; physical performance and fitness; mental state and performance; body
weight, insulin sensitivity and diabetes; diet-related cancer; and gut health and immunity. DRR claims, as
distinct from prevention claims, are outside the scope of EU medical law.

62 http://europe.ilsi.org/activities/ecprojects/PASSCLAIM/
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biological
response
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to food
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Coonsumption
of

functional
food
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5. However there is no legal definition of disease in EU legislation, which has relied on the definition of a
medicine (form and function) in borderline cases. As metabolomic technologies allow for earlier detection of
changes outside the homeostatic range (with or without adverse sequelae), definitions of “disease”, “nutrient”,
and “essentiality” may need to be revisited, particularly as evidence continues to accumulate that some classic
essential micronutrients (vitamins and minerals) and non-nutrients (food bioactives found in fruits,
vegetables, grains, nuts, seeds and oils) act at the molecular and cellular levels to regulate gene expression
(transcription and post-translational modification) and modulate inflammatory and immune pathways.63

Public Health Nutrition v Personal Health Nutrition

6. While basic biological requirements are universal, the extent of inter-ancestral and inter-individual
variation in physiological demand for and response to nutrients fundamentally challenges the foundations on
which population guidelines have been based such that the message may be disadvantageous in the case of
some individuals or even sub-populations. This may include those in particular occupations who are exposed
to environmental toxicants and whose nutritional status may impact on longer term outcomes.64 Nutritionists
can no longer be confident about the advice given at the population level. Examples include:

— The human salivary amylase gene (AMY1) copy number varies significantly and has been positively
correlated in a modern population with salivary protein levels where individuals from ancestral high
starch-consuming populations have more AMY1 copies than those with traditionally much lower
starch intake, implying that populations may have diVerent optimal levels of starch intake.65

— The success of low energy diets to reduce body weight may also be dependent on genetic variation:
perilipin is a protein found in adipocytes and evidence suggests that those carrying the PLIN11482A
variation are resistant to weight loss on a calorie-restricted diet.66

— For women participating in the Framingham Study, a gene-diet interaction was found between
polyunsaturated fat intake and the APOA1 -75G/A variation. Carriers of the A allele had higher
HDL-C (good cholesterol) with higher polyunsaturated fat (PUFA) intake ((8 per cent energy from
fat), whereas the G/G homozygotes had lower HDL-C associated with higher PUFA intake.67

7. Awareness of the variability in the nutritional response may act as a driver towards personal health
interventions separate from public health goals. At a workshop held in Washington DC in 2006 hosted by the
US Institute of Medicine entitled “Nutrigenomics and Beyond: Informing the Future”, IOM Director Harvey
Fineberg spoke of the challenge that nutrigenomics poses the existing public health paradigm:

“. . . It is not just possible but likely that there are nutrients that aVect some population groups
diVerently than others, and public health guidelines will have to take such diVerences into
account…A public health paradigm of universal education is going to have to be adapted to the
scientific reality and scientific knowledge as it develops and unfolds”.

63 Young V R (2002) 2001 W.O. Atwater Memorial Lecture and the 2001 ASNS President’s Lecture: Human nutrient requirements: the
challenge of the post-genome era. J Nutr 132, 621–629.

64 McGinty S A (2007) Toxicogenetics and nutrigenetics: biomarkers in occupational medicine and litigation. Biomarkers in Medicine 1,
567–573.

65 Perry G H, Dominy N J, Claw K G, Lee A S, Fiegler H, Redon R, et al (2007) Diet and the evolution of human amylase gene copy
number variation. Nat Genet 39:1256–60.

66 Corella D, Qi L, Sorli J V, Godoy D, Portoles O, Coltell O, et al (2005) Obese subjects carrying the 11482G(A polymorphism at the
perilipin locus are resistant to weight loss after dietary energy restriction. J Clin Endocrinol Metab 90(9):5121–6.

67 Corella D, Ordovas J M. Single Nucleotide Polymorphisms that influence Lipid Metabolism: Interaction with Dietary Factors. Annu
Rev Nutr 2005;25:341–90.
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8. While use of nutrigenetic profiling is still limited in the UK, the advent of popular diet books related to
genotype have already appeared in the US and are likely to drive demand in the future, including in the arena
of sports/performance nutrition.

About BANT, Standards and Regulation

9. BANT, set up in 1997, is the professional association for NT practitioners. With 2,000 members (including
1,000 students), it represents the interests of its members and NT more generally, and supports Continuing
Professional Development programmes. Progress on NT regulation has been facilitated by The Prince’s
Foundation for Integrated Health, with funding from the Department of Health, through the Nutritional
Therapy Council and, from summer 2008, through the new Complementary and Natural Healthcare Council
(CNHC). Educational and practice standards have been set: in 2003 National Occupational Standards (NOS)
were published by QCA/SQA; in 2004 the Core Curriculum and Learning Outcomes were published to meet
the NOS; in 2006 a Grandparenting scheme was launched for entry to the national register; and in 2008
accreditation of courses is underway. The NTC Education & Training Committee has put together a first draft
of competences for advanced practice using genetic profiling. Interim Standards of Proficiency anticipate
underpinning knowledge in genetics, genomics and complexity science, as well as an appreciation of ethical,
legal and social issues. Work will be taken forward in 2008–09 by the new Nutritional Therapy Board of the
CNHC.

17 April 2008

Memorandum by the British Heart Foundation

Introduction

1. The British Heart Foundation (BHF) welcomes the opportunity to submit written evidence to this inquiry.
The BHF is the UK’s leading research charity in cardiovascular disease and is an active member of the
Association of Medical Research Charities (AMRC). Each year we commit some £50–60 million to support
cardiovascular research in UK universities and health departments.

2. Our research portfolio extends from fundamental laboratory-based molecular, biological and genetic
studies to large scale clinical trials of novel and existing preventive and therapeutic interventions. We support
research through infrastructure awards for buildings and equipment, project and programme grants for
research staV and consumables and, most importantly, research training and career posts for basic and clinical
scientists, from PhD students through to Research Professors. Consequently, the BHF has a very legitimate
interest in the UK Genomic Medicine environment.

Questions by the Sub-Committee

Policy Framework

Q1: Who is in charge of setting and reviewing policy in this area?

3. BHF isn’t aware of a policy framework regarding Genomic Medicine. Therefore, we don’t know who is in
charge of setting and reviewing policy in this area.

Research and Scientific Development

Q1: What is the state of the science? What new developments are there? What is the rate of change?

Q2: Who is taking the lead in the consideration and co-ordination of research and the development of new
technologies?

4. BHF believes that the rate of change is very rapid. The state of the science is right at the beginning of
understanding the genome and any susceptibility to disease, as well as any possible responses to medical
treatments. We believe that the research community itself should take the lead, particularly the Wellcome
Trust.

Q3: How eVective is the policy and investment framework in supporting research in this area?

5. BHF isn’t aware of any investment framework.

Q4: How does research in the UK compare internationally? How much collaboration is there?
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6. We think that research in the UK compares favourably internationally, as there is considerable cooperation
of genetic research in the UK, which is the UK’s major strength.

Q5: What are the current research priorities?

7. BHF believes that one current research priority is the understanding of the relation of genomic information
to disease development, progression and treatment.

Data Use and Interpretation

Q1: Is genomic information published, annotated and presented in a useful way? Should there be a common,
public database? If so, who should fund, and have responsibility for, such an initiative?

8. BHF believes that genomic information is generally published in a useful way, however it is not annotated
and presented as such. We agree that there should be a common, public database, which should be government
funded and linked to similar initiatives in other countries.

Q2: Who should provide the framework for optimal evaluation of data and translational opportunities? What
policy and funding mechanisms are in place for recognising and utilising potential opportunities?

9. We believe that medical research funding organisations, such as the Association of Medial Research
Charities or MRC are best equipped to provide such a framework.

Q3: Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data?
How should genomic data be brought together with other health information?

10. Medical information is often not recorded in a suitable format, due to confidentiality issues and diYculties
in accessing medical information.

Q4: What are the implications of the generation and storage of genome data on personal data security and
privacy, and on its potential use or abuse in employment and insurance? How should these be addressed?

11. The potential for abuse is huge. The existing genetic testing methods are not reliable enough to draw any
conclusions regarding the possibility of future illness.

12. Further, we believe that it is a concern that people who undergo such testing privately and discover
something which causes them concern would then rely on the NHS to provide the support, advice and care
which is needed to make the test worthwhile. It should also be noted that private companies may promote their
services to the worried well or more vulnerable groups which could exacerbate inequalities. We are already
seeing the abuse of genome data for commercial use through personal testing kits available from companies
like 23andMe, DecodeMe and Genetic Health. We would question how the government can assure that such
a database is reliable.

13. In regards to the use of genome data in employment, there is no legislation which directly regulates
employers’ use of genetic tests, unlike in the USA where many states have laws to discriminate genetic
discrimination. We believe there is no evidence that employers are currently attempting to carry out routine
screening as part of the recruitment process.

Translation

Q4: How meaningful are genetic tests which use genome variation data? What progress has been made in the
regulation of such tests?

14. As explained above, BHF believes that commercially available genetic testing kits are not particularly
meaningful for individuals. There is no suYcient regulation of these genetic tests, therefore BHF would
welcome better regulation, such as a code of practice relating to genetic testing services.

Biomarkers and Epidemiology

Q1: In what way do genome-wide association studies contribute to the identification of biomarkers? How is the
study of genetic factors and biomarkers integrated for translational purposes?

15. BHF thinks that it is too early to tell in what way genome-wide association studies contribute to the
identification of biomarkers. The study is currently not integrated for translational purposes.
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Use of genomic information in a healthcare setting

Q2: How useful will genomic information be as part of individualised medical advice? What provisions are there
for ensuring that the individual will be able to understand and manage genomic information, uncertainty and risk?

16. We believe that genomic information won’t be useful as part of individualised medical advice for a long
time (see answer above). There are currently no provisions for ensuring that the individual will be able to
understand and manage genomic information. The aspect of use of genomic information is currently
unregulated and opportunistic.

Q3: Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

17. BHF believes that there should be some guidelines and parameters in place which help doctors and
individuals decide how meaningful genetic tests are.

Q4: What are the implications of developments in genomic technologies for the training of medical specialists and
other health professionals? Are there any gaps that need addressing? What is the assessment and planning for
future needs in capacity?

18. We think there won’t be huge implications as future doctors will have a working knowledge of genetics
and genomics. However, there are currently gaps of understanding genomic data as it is a specialist area.

Conclusion

19. The BHF supports further research in the area of genetics as it could lead to understanding the role of
genes and heart disease. Genetic medicine may oVer insights into pathogenesis of heart disease and may
provide opportunities to develop new treatments and interventions. This potentially oVers a new level of
“personalised healthcare for all”.

20. However, it is only appropriate to think about the usefulness of screening for these genetic variations/
defects, once we have fully understood the relevance of genetics. Once we have gained better understanding
of disease mechanisms and the ability to identify people at risk before cardiovascular disease manifests itself
in the patient, eVective genetic screening programmes could be implemented.

21 April 2008

Memorandum by the British Society for Ecological Medicine

1. Context

1.1 Since the international human genome project was completed in 2003, we have seen the increasing
application of genetic knowledge to daily life. Two diVerent fields are now emerging in genetics:

— traditional genetics, concerned with prenatal diagnosis, severe hereditary diseases, monogenic
pathologies such as cystic fibrosis, Huntington’s chorea, etc;

— genomics, which looks at multigene, multifactorial patterns, and whose main consideration is the
two-way interaction between genes and the environment. This approach is fundamentally diVerent
from traditional genetics, in that it does not lead to pure determinism, but by acting on the
environment allows the expression and functioning of our genes to be modified, enabling individuals
to improve their own health and their risk profiles for a number of diseases.

1.2 Within genomics we can distinguish:

— Nutrigenomics, which studies the interactions between the way our genes operate and our dietary
intake;

— Toxicogenomics, which examine the diVerences between individuals with respect to the interaction
of their genetic susceptibility with environmental agents (pollutants, ultraviolet light etc); and

— Pharmacogenomics, which studies the eVects of our genome on drugs, and of drugs on the expression
of genes.

1.3 We are currently witnessing a distinct increase in the incidence of a number of diseases connected with the
environment (cancer, cardiovascular diseases, neurodegenerative diseases etc). Recent studies in the
application of genetics/genomics have shown that adapting our diet, lifestyle and toxic exposure to our genetic
resources can give worthwhile results in:

— Multifactorial disorders such as cancers connected with the environment, cardiovascular risk,
asthma, bronchitis, endometriosis, obesity, allergies, osteoporosis, etc.
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— Detection of susceptibility to disease in a healthy individual, and instigation of appropriate
preventive measures.

— Identification of both therapeutic and adverse reactions to many drugs, enabling better choice of
drug and of dosage levels for individuals.

— Adoption of eVective anti-ageing measures, notably by taking degenerative processes connected with
oxidative stress into account.

These measures make it feasible to increase not only longevity (up to 14 years of life in good health according
to some researchers), but also quality of life in the long term.

1.4 Genomics further enables a change in the very nature of the medical consultation, in that the doctor
becomes a health advisor. He/she can now:

— Help healthy patients to remain so by managing and optimising their long term health “capital”.

— OVer an individualised and integrative approach, addressing the patient as a whole, both physically
and psychologically, and no longer as an organ or a disease.

— Warn a healthy individual about his weak points, enabling him to manage long-term heath risks with
diet and lifestyle measures.

2. Pharmacogenomics

2.1 According to the online journal BMJ Clinical Evidence, 47 per cent of medical treatments are of unknown
eVectiveness, and only 13 per cent have been demonstrated to have beneficial eVect. It was in this context that
in 2003 Allen Roses, GSK’s Vice President for Pharmacogenetics, said;

The vast majority of drugs—more than 90 per cent—only work in 30 or 50 per cent of the people . . .
I wouldn’t say that most drugs don’t work. I would say that most drugs work in 30 to 50 per cent
of people.

2.2 It was easy at the time to see this as comparable to Gerald Ratner’s well-known observation on the quality
of his firm’s products in 1991. However it soon became apparent that it was in fact a bid for the future; that the
pharmaceutical industry saw genetic profiling—pharmacogenomics—as the wave of the future for medicine,
enabling the development of new drugs targeted at individual genomic profiles.

3. Concerns

3.1 There are human rights concerns here that have been well developed elsewhere. Sir David King has stated:

Public health genomics aims . . . to open new markets through preventive drugs targeted at genetic
(or “racial”, in the case of BiDil) sub-groups of the population. This co-option of prevention and the
incorporation of genetics into public health will greatly intensify the role of “health” as a technique
of biopower. The focus on individual risk will set new standards for individual health performance,
and will inevitably lead to an expansion of eugenics.

3.2 However the principal concern of this society is that sheer financial clout will enable the pharmaceutical
industry to set the overall agenda for genomics. In our globalised economy, in which multinational
corporations can have more fiscal power than national democracies, the direction of research is largely profit-
driven. The pharmaceutical and biogenetic industries are already investing billions in this research. If profit is
allowed to be the principal determinant of research priorities, the risk is that advances in genomics that do not
lead to profit will be neglected, ignored and even suppressed. In plain terms, patentable drug-based
interventions will be chosen over almost-free diet and lifestyle-based ones, and treatments will be chosen over
prevention.

3.3 Our healthcare system is becoming unsustainable, in large part due to the dominant role of the
pharmaceutical industry, with 650 million prescriptions written by GPs each year, and a total drugs bill of over
£7 billion. Moreover 65 per cent of healthcare research is already funded and controlled by the pharmaceutical
industry.

3.4 If the pharmaceutical industry sets the agenda, commercial realities will determine that the focus of
funding, investment and research will turn to pharmacogenomics, to the detriment of nutrigenomics and
toxigenomics.
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4. Solutions

4.1 We submit that using all three subspecialties—pharmacogenomics, nutrigenomics and toxigenomics—
oVers in contrast a great opportunity for the improvement of public and individual health, at relatively low
cost. It has a further merit in that it empowers the individual to manage his/her own risk profile, in contrast
to the “biopower” approach.

5. Illustration 1

5.1 Gilbert’s syndrome is characterised by a mild hyperbilirubinaemia, consequent on a genetic impairment
of the UPD-glucuronosyltransferase enzyme (the gene that codes for this enzyme is known as UGT).
Individuals with the UGT1*1 [TA](7)TAA genotype show a significantly higher bilirubin level, and a small
study found all Gilbert’s cases to be homozygous for this 7/7 allele [ ]. As well as bilirubin, the UGT enzyme
also processes a range of endogenous and exogenous chemicals;

— steroid hormones, melatonin,

— salicylates, benzodiazepines, paracetamol, valproate, digoxin, and

— carbamates, phenols, aniline dyes.

5.2 Gilbert’s is generally said to have no clinical consequences; however ecological doctors have noted a high
frequency of Gilbert’s in their caseload, and Gilbert’s-positive individuals appear to exhibit chronic or
recurrent non-specific symptoms more often than negatives.

5.3 Animal studies have found that paracetamol is considerably more toxic to rats that are either homozygous
or heterozygous for a variation in UGT activity—up to 110-fold more. The paracetamol issue alone has major
implications for health; deaths from paracetamol run at about 100 per year in the UK.

5.4 The PRESTO trial using Tranilast to treat restenosis after coronary arterioplasty found that 4 per cent of
subjects in the active arm developed hyperbilirubinaemia; 92 per cent of these were homozygous for the 7/7
allele [ ]. Those with impaired UGT enzyme activity are thus demonstrably more vulnerable to the hepatotoxic
eVects of the exogenous chemicals it processes.

5.5 Using pharmacogenomic strategies to respond to this new knowledge would allow us to identify the
individuals at risk for adverse reactions to drugs metabolised by this pathway, and the drugs that would
mediate that risk.

5.6 The nutrigenomic strategy would be more “holistic”; it would include consideration of the prescribing
implications, but would also address the potentially major health implications, yet to be fully elucidated, of
individual vulnerability to exposures to both pharmaceuticals and pollutants that are processed by this
enzyme. The latter are already commonly identified in the tissues of the patient population. It would develop
lifestyle recommendations to manage the risks and prevent illness.

6. Illustration 2

6.1 Two cellular receptor proteins that respond to niacin (vitamin B3) have recently been identified, termed
HM74A AND HM74B. Research currently ongoing at Johns Hopkins University, using brain cortex samples
obtained at post-mortem from individuals with schizophrenia or with bipolar disorder and from controls, has
shown that brain tissue from schizophrenics produces much less functioning receptor protein—6 per cent of
that produced by controls or bipolar subjects.

6.2 HoVer demonstrated that simply giving very large doses of the vitamin niacin could be beneficial for many
schizophrenics. HoVer, Osmond and others have published nearly 50 papers on the use of niacin in
schizophrenia, including long-term (10 years) follow-ups, and 6 randomised controlled trials; they have
consistently shown that high-dose treatment does reduce symptoms, but that early intervention is more rapidly
eVective, and it needs to be maintained for years.

6.3 The Johns Hopkins researchers are correct in saying that his research has been “inconsistently replicated”;
The possibility that a deficiency in the high-aYnity receptor is a core feature of many individuals with
schizophrenia provides a basis for research into more potent receptor agonists and therapies that might
significantly increase expression of the fully-functional protein. One important implication of the data we
present here is that the early clinical studies by Abram HoVer reporting a notable degree of success through
treatment of unmedicated patients with niacin, but inconsistently replicated in follow-up work by others,
should now be re evaluated in the context of the limitation imposed by a deficient receptor.
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6.4 In other words these findings provide a post-hoc rationale for the use of niacin in schizophrenia, as well
as explaining the impaired niacin skin flush response which is well recognised in schizophrenia.

6.5 Pharmacogenomics would naturally seek to develop drugs which either “increase expression of the fully-
functional protein” or which modulate the downstream biochemical results of this genetic variation.

6.6 The nutrigenomic response would include, firstly, prevention by optimising both niacin intake and general
nutritional status in individuals with the variant gene(s), and secondly early intervention with high-dose niacin
in the first instance in newly-diagnosed patients.

7. Conclusions

7.1 According to the American Institute of Medicine (1999 study), there are some 100,000 avoidable deaths,
and 3 million medical errors, 2,216,000 adverse drug reactions and 2.2 million avoidable surgical operations
every year in the United States. The UK figures are, of course, comparable.

7.2 The global environment is subject to ever-increasing pollution with a range of extracted or man-made
chemicals—heavy metals, pesticides, flame retardants, plasticisers to name a few—whose consequences for
individuals are often grave, and the totality of which is evident but incalculable.

7.3 The application of strategies based on the full triad of pharmacogenomics, nutrigenomics and
toxigenomics would enable the majority of these malfunctions to be avoided or minimised, at relatively low
public and personal cost. Concentration on pharmacogenomics to the exclusion of nutrigenomics and
toxigenomics would in contrast squander a great and crucial public health opportunity.

April 2008

Memorandum by the British Society for Immunology

Clinical Immunology is a rapidly advancing specialty with both clinical and laboratory diagnostic
components. Clinically the main groups of patients cared for by Clinical Immunologists are those with
primary immunodeficiency (ie genetic defects of the immune system rendering the patient susceptible to
infection of which there are now around 200), patients with allergic disorders where Immunologists provide
over half of the specialist services for the UK and patients with inflammatory or immune mediated disorders.

The Clinical Immunology laboratory provides diagnostic testing across a range of diseases including primary
(genetic) and secondary immunodeficiency (eg HIV), allergy testing, connective tissue diseases (eg rheumatoid
arthritis, SLE, vasculitis) and others for NHS patients.

The diagnostic laboratory has an increasing need to perform molecular diagnosis for primary
immunodeficiency patients. This allows accurate diagnosis with implications for family testing, detection of
carrier status, prenatal testing, genetic counselling as well as informing treatment decisions such as bone
marrow transplantation and gene therapy. Currently only a very small number of genetic tests for primary
immunodeficiency are available within UK-GTN and this has not kept pace with the rapid expansion in
knowledge regarding the genetic causes of primary immunodeficiencies.

Clinical Immunology R&D also involves the use of Immunodeficiency micro arrays allowing the expression
of a focussed gene set to be studied to aid the molecular characterisation of disease states in immunodeficiency.
It may in future be possible to use micro arrays to not only improve the precision of molecular classification
of disease states but also to aid more personalised clinical management decisions and to suggest new treatment
strategies.

There are as yet no NHS Clinical Immunology laboratories which are able to address issues relating to the
analysis of complex diseases such as allergy.

Policy Framework

The Government’s 2003 White Paper Our Inheritance Our Future has strengthened specialist genetic services
with the UK Genetic Testing Network (UK-GTN) and modernised laboratory services with a round of
capital funding.

There is however no cohesive support which allows the translation of research based genetic tests into clinical
practice.

In Clinical Immunology initiatives may be funded by patient organisations and even individual patients, there
is then a gap in provision to allow these developments to progress. This results in tests which are either not
available at all in the UK (the case for the majority of known genes for primary immunodeficiency) or oVered
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in a research setting outside an accredited laboratory environment with variable turnaround times, lack of
stability and planning as testing depends on the continuation of research funding, staV and research
direction/interest.

There is an opportunity to establish molecular diagnosis for a much more comprehensive range of
immunodeficiency diseases which are widely under-diagnosed even in “first world” settings. Given the lack of
testing within an accredited environment the potential exists to derive income form referral for testing from
outside the UK.

Recommendations

— NHS R&D and NIHR support the evaluation and when appropriate translation of individual
genetic tests in the NHS and that this is linked to pathology modernisation.

The current NHS culture that if a test cannot be shown to save money in the business case it cannot
be introduced requires review.

— Training in bioinformatics will be required for clinicians involved in the interpretation of complex
datasets such as those generated by micro array analysis and in the reporting of molecular tests.

— The establishment of a number of networked centres with both the Clinical Immunology and
molecular expertise will be required to provide comprehensive testing.

— Realisation of the benefits of genomic medicine will require public trust and this will in turn require
greater engagement of the public by government.

— The molecular genetic information generated should be available in a standardised coded manner
within the stable platform of a secure NHS database and shared appropriately with other
networked centres.

— All of the above will require targeted stable long term investment.

22 April 2008

Memorandum by GEN2PHEN

Policy Framework

No evidence submitted

Research and Scientific Development

What is the state of the science? What new developments are there? What is the rate of change?

Inter-individual genetic variation strongly influences normal characteristics, disease processes, and drug
responses—collectively referred to as “phenotypes”. Operationally, work in this field can be divided into
two parts:

(a) genetic changes that work in isolation to “cause” phenotypes which are generally rare (hereafter
referred to as “Mendelian” variants); and

(b) genetic changes that work in complex combinations, and in partnership with environment and
lifestyle, to “modify risk” of phenotypes that are generally common (hereafter referred to as
“susceptibility” variants).

Mendelian variants

EVective procedures for the identification of Mendelian variants are well established and widely deployed,
such that most of the genes underlying this class of genetic disorders (eg, cystic fibrosis, Duchene muscular
dystrophy, and rarer forms of cancer and common disease) have now been identified. The next challenge is to
bring this information clinical utility (diagnostics, prognostics, and drug development). Progress towards this
goal is, however, being held up by the lack of eVective interdisciplinary partnerships between drug companies,
groups who manage (database) data in the research domain, and healthcare providers. Additionally, enhanced
diagnostics infrastructure would be required. Given wise strategic decisions on these fronts, then Mendelian
genetics could quickly be taken “to the bedside” to benefit aVected individuals and their genetically-related
family members.
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Susceptibility variants

Impressive procedures for the identification of susceptibility variants have become available in the last few
years, and they have now been deployed to study the genetic basis of many common disorders (eg, Crohns
disease, Alzheimers disease, adult-onset diabetes, and various forms of cancer). Unfortunately, these eVorts
have revealed but a small number of genes that vary naturally in the population in ways that only weakly
influence disease risk. The state of the art now is such that;

(a) Only a small fraction of total disease risk and incidence is explained by these discovered genes
(merely a few percentage), and this is often less than the influence of environmental and lifestyle
factors we already know about.

(b) For further human DNA studies alone to produce a substantially more complete picture of the
genetic basis of common disease, there will need to be substantial method improvements, use of far
larger sets of clinical materials (biobanks), allocation of significantly greater funding, and far better
statistical/computational support. The main problem being faced is that the genetic basis of common
disease is more complex than expected, and the law of diminishing returns starts to apply for these
large-scale studies. Current knowledge and trends could even be argued to suggest that present
strategies (regardless of how much improved or extensively applied) may never be able to decipher
much more than x50 per cent of the genetic basis of common disease.

(c) The clinical utility of the genetic findings achieved to date would, at best, be described as minimal.

How effective is the policy and investment framework in supporting research in this area?

Large and mainstream projects are thoroughly evaluated and well supported, and it is important to continue
funding such projects. But it is increasingly diYcult to get backing for more basic (non-translational), original/
unconventional, and blue-sky research. Industry has picked up some of the slack here in the domain of method
development, but academic research and development is now becoming quite distorted towards investigations
that are argued to be directly clinically or disease relevant, and large-scale in nature. The obvious risk is that
new ideas and the minds that can generate them are not encouraged.

Data Use and Interpretation

Is genomic information published, annotated and presented in a useful way? Should there be a common, public
database? If so, who should fund, and have responsibility for, such an initiative?

Major deficiencies are apparent in this area, and it was the recognition of this fact that prompted the European
Commission to fund the GEN2PHEN project. The challenges are complex, large, and global—but solvable
given suitable funding and strategic decision making. Early experience has shown that eVective solutions will
need to be designed and built by involving many enthusiastic and diVerentially skilled teams—ie, by the
coordinated evolution of an optimal bottom-up databasing infrastructure, rather than by trying to impose a
top-down solution that would be cheaper but which would not match with the communities complex needs.
To practically engage researchers, to share and reward the large workload, and to achieve optimal integration
of the massive datasets that are now being generated, the solution must be based upon an inter-connected and
closely federated set of tools and databases operated from many countries and institutions. It would not be
eVective, practical, or even acceptable (in some research or legal contexts) to place all the data in one
monolithic data center. Some centralized component(s) will, however, most definitely be needed for the system
to operate—eg, to coordinate initiatives, to help develop and approve standards, to provide leadership on
ethical and legal matters, and to enable top-level holistic access to core resources. From a European
perspective, the UK-located European Bioinformatics Institute would be a natural home for many of these
centralized activities, connecting them to dispersed databases and other resources across the community.

Given the nature and the size of the problem, funding should be provided by many sources, with international
coordination eVorts being funded and managed trans-nationally. The informatics and infrastructure
development work should ideally be closely allied to that of researchers who generate/analyse data, and
funding structures could help to ensure that such connections are enforced. GEN2PHEN is a step in the right
direction, but far greater amounts of money need to be allocated to the problem to achieve an eVective
solution.
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Who should provide the framework for optimal evaluation of data and translational opportunities? What policy and
funding mechanisms are in place for recognising and utilising potential opportunities?

This is a complex, diverse, and multi-disciplinary challenge. The funding mechanisms employed to advance
this area must take this into account, for which they will need to be equally complex, diverse, and multi-
component in nature. Currently, most emphasis (political and funding) is being placed upon developing the
needed resources and funding the primary data generation. Translational opportunities are yet to be placed in
central focus, and real progress in the near term will be possible only for Mendelian disorders (see
comments above).

Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How should
genomic data be brought together with other health information?

Medical information is not at all suitable structured, processed, or made available in a way that makes it useful
for integration with genomic data. Furthermore, there seem to be few incentives for changing this in the
healthcare world, and a poor general understanding of the issues. Many people argue correctly that the
absence of a standardized way to represent phenotype information is a key bottleneck in this equation, but
equally (if not more so) no-one yet has much idea of how we might handle the data that connects genetic and
phenotype information (ie, how to represent or meaningfully interpret the totality of evidence that relates
genes to disease). Until these two issues are resolved, it will be very diYcult to make much use of any genetic
information in routine medical practice—where consistent and predictive patterns have to be the basis of all
clinical decision making.

What are the implications of the generation and storage of genome data on personal data security and privacy, and on
its potential use or abuse in employment and insurance? How should these be addressed?

This subject is immensely complicated, and perhaps needs a complete examination in its own right. Two key
points that, nevertheless, should perhaps be made apparent are:

(a) Only rare Mendelian variants are suYciently high-impact to be usefully predictive of anything in an
individual. Hence, the proliferation of companies oVering personal genetic profiling (which focus
primarily on common susceptibility variants) from which they supply health/disease guidance must
surely be a cause for concern.

(b) Genetic profiles are absolutely unique for everyone (except identical twins), and the tested DNA
variants are shared to various degrees with all related family members. Therefore, it is illogical to
argue that genetic information can ever be fully anonymised or made secure. In and of itself it
precisely identifies individuals, and likewise all their relatives.

Translation

No evidence submitted.

Biomarkers and Epidemiology

No evidence submitted.

June 2008

Memorandum by the General Medical Council

Introduction

1. The General Medical Council (GMC) has been invited by the Select Committee to submit evidence in
relation to its ongoing inquiry into genomic medicine.

2. The GMC is the independent regulator for doctors in the UK. Our purpose is to protect, promote and
maintain the health and safety of the public by ensuring proper standards in the practice of medicine.

3. The law gives the GMC four main functions:

a. Keeping up-to-date UK registers of qualified doctors.

b. Fostering good medical practice in the UK.
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c. Promoting high standards of medical education in the UK.

d. Dealing firmly and fairly with doctors practising in the UK whose fitness to practise is in doubt.

4. Given our current responsibilities for regulating medical education (see paragraphs 5 and 6 below) we have
focussed our response on Question 1:

“It has been suggested to us that engagement and education of health care professionals will be
required to understand and interpret genetic tests. What is happening on the ground for training of
medical students, doctors in primary and secondary care, and other healthcare professionals
including nurses and clinical scientists?”

The Current Regulatory Framework for Medical Education and Training

5. At present, there are two competent authorities which together are responsible for regulating medical
education and training in the UK, the GMC and the Post Graduate Medical Education and Training Board.
The GMC sets generic standards and outcomes for basic medical education in the UK. This covers
undergraduate education and the first year of training after graduation (the first year of the two year
Foundation Programme). The PMETB is responsible for the second year of the Foundation programme and
for postgraduate training leading to the award of a Certificate of Completion of Training, which is a necessary,
although not a suYcient, requirement in order to be appointed as a GP or consultant. The detailed teaching
of genomic medicine is likely to take place during postgraduate training in the relevant specialties (including
general practice). These speciality standards are set out in curricula developed by the relevant medical Royal
College and approved by PMETB.

Tomorrow’s Doctors

6. The GMC publishes Tomorrow’s Doctors which sets out the standards for undergraduate medical
education in the UK. This was last published in 2003 and is currently under review. We will launch a
consultation on the draft guidance towards the end of this year.

7. The current guidance states that doctors,

“Must know about and understand normal and abnormal structure and function, including the
natural history of human diseases, the body’s defence mechanisms, disease presentation and
responses to illness. This will include an understanding of the genetic, social and environmental
factors that determine disease and the response to treatment.”

8. It goes on to say that graduates must know about and understand,

“The eVective and safe use of medicines as a basis for prescribing, including side eVects, harmful
interactions, antibiotic resistance and genetic indicators of the appropriateness of drugs.”

9. The revised draft guidance for consultation says that graduates will be able to,

“Apply biomedical [footnote: Biomedical is understood to include anatomy, biochemistry, cell
biology, genetics, immunology, microbiology, molecular biology, nutrition, pathology,
pharmacology and physiology] scientific principles, method and knowledge to medical practice.

a. Explain the scientific bases for common disease presentations.

b. Justify the selection of appropriate investigations for common clinical cases.

c. Explain the fundamental principles underlying such investigative techniques.

d. Select appropriate forms of management for common diseases and explain their modes of action
from first principles.

Demonstrate knowledge of drug actions and pharmacokinetics, drug side eVects and interactions
including eVects on the population, such as the spread of antibiotic resistance.”

Merger of PMETB with the GMC

10. In February 2008, the Secretary of State announced that PMETB will be merged with the GMC. The
decision follows a recommendation by Sir John Tooke in his report Aspiring to Excellence: Findings and Final
Recommendation of the Independent Inquiry into Modernising Medical Careers. In his report, Sir John said that
“PMETB should be assimilated in a regulatory structure within the GMC that oversees the continuum of
undergraduate and postgraduate medical education and training, continuing professional development,
quality assurance and enhancement.”
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11. The merger will be eVected through secondary legislation and the Government is aiming to have
completed the legislative process no later than April 2010 at which point PMETB’s powers will be transferred
to the GMC. Medical education and training are not limited to particular phases of a doctor’s career: they
should be continuous for so long as doctors are in practice. The merger reflects this and will deliver a clearer
and simpler regulatory framework. It will also be a unique opportunity to take a strategic view of policy. To
ensure that this happens Lord Naren Patel has been invited by the GMC, with support from PMETB, to lead
a review to look to the longer-term opportunities and future challenges.

Conclusion

12. Tomorrow’s Doctors requires that medical school curricula must ensure that medical students are
introduced to the basic concepts that underlie genetics and genomic medicine. More detailed training is likely
to take place at the postgraduate stage. The GMC will assume responsibility for regulating all stages of medical
education and training following the merger of PMETB with the GMC.

25 November 2008

Memorandum by GenoMed

Summary

Genomic medicine will clearly revolutionize the practice of medicine. Medical genomics makes patients the
ideal experimental subjects. For good reasons at the time, governments turned away from clinical research in
the 1960s, preferring to focus on mechanistic studies in subhuman model systems. Clinical research was left
to the research pharmaceutical industry. Unfortunately, the research pharmaceutical industry is on its last legs,
and is in no position to develop genomic medicine.

To take full advantage of genomic medicine, the NHS will have to take a leadership role. Every GP will need
to participate in a quality improvement (QI) program to better his or her patient outcomes. The existing
technology is adequate. Because the research pharmaceutical industry already has more targets than it can
handle, the NHS may need to become a “virtual” pharmaceutical company itself.

There will be obvious rewards, in terms of revenues and clinical outcomes, if the NHS takes such a proactive
approach.

Introduction

The House of Lords Science and Technology sub-committee on genomic medicine is quite correct in believing
that genomic medicine is a new field that could have tremendous impact on the daily practice of medicine. The
sub-committee’s questions, reproduced below, are thoughtful. But they presume a rosier picture than
actually exists.

The experience of a practitioner who still sees patients (as a general internist) and CEO of a medical genomics
company may be valuable for the sub-committee to consider.

My comments are based on 15 years’ of wandering in the desert of genomic medicine (1–11). It has been a
desert in every sense of the word; there has been virtually no research funding, no professional or academic
collaboration, and no business model. And, of course, there is no scientific precedent—those in the field are
making it up as we go along. The sub-committee’s questions about “regulation” make it clear that you
understand that.

There is no doubt that genomic medicine will revolutionize the practice of medicine, sooner or later. So far,
the medical establishment has managed to make it later (9).

The medical system, like any highly lucrative industry, profits from the status quo. Genomic medicine, by
revealing the map for common diseases, makes it simple to inhibit disease pathways. It is certainly not rocket
science! If over activity of an enzyme such as angiotensin I-converting enzyme (ACE) is behind a disease (2),
then using an ACE inhibitor should help. Indeed, it does (1, 5, 7, 10).

Genomic medicine already makes it possible for ordinary GPs to conquer diseases which still baZe
government and non-profit funding agencies.
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Most common diseases could be solved in the next few years. However, if the medical establishment has its
way, they won’t be. Clinical outcomes won’t improve, but a few labs in a few prestigious universities will
continue to be awarded enormous funds to perform mind-boggling but irrelevant tours de force, such as
sequencing tumor genomes.

Today’s news illustrates the trend perfectly: http://www.genomeweb.com/issues/news/146282-1.html. The
Wellcome Trust will spend USD 60 million on whole genome association studies using the AVymetrix 1 million
SNP (single nucleotide polymorphism) chip. This, notwithstanding the fact that earlier versions of
AVymetrix’s chip containing 100K, 300K, 500K, and 600K SNPs haven’t worked, and that linkage techniques
haven’t worked for polygenic diseases for the past 25 years (see below).

An Alternative Future

It is already possible, using the right fishing net, to find thousands of disease-associated SNPs. In 2004, we
found roughly 5,000 SNPs for each of six diVerent cancers in white patients (Caucasians): breast, colon, lung,
ovary, pancreas, and prostate. That was with a fishing net of some 20,000 SNPs that covered one-third of the
genome. We now have a SNPnetTM of 80,000 SNPs that covers the entire human genome.

It must be said, however, that our SNPs come from a public database (dbSNP), and so apply only to Caucasian
people. To find SNPs for other ethnic groups—people of African ancestry, Asians, and mixed populations such
as Brazilians—will require the construction of a separate dbSNP for each ethnic group.

The SNPs that we found are mostly located within 10 kb of a discrete gene. The disease-associated version of
the SNP (susceptibility allele) presumably causes diVerential gene expression relative to the protective allele:
over expression of oncogenes, under expression of tumor suppressors.

The traditional, mechanistic model of biomedical research would next require the construction of promoters
containing the SNP, linked to reporter genes such as luciferase or CAT, in order to test exactly what the SNP
does in various model systems. This could easily take three to five years and several hundred thousand pounds
per SNP. Afterwards, the gene aVected by the SNP would be explored for its role in tumorigenesis. This could
easily take decades. For example, the role of BRCA1 and 2 is still not understood more than a decade after
their discovery. The same is true for the CF gene, the PKD gene, etc. Discovery of these genes hasn’t yet led
to drugs for treating patients.

Let us agree at the outset that the first goal of genomic medicine is improvement of clinical outcomes. Let us
also agree that time is of the essence. Ultimately, a disease-causing gene is only significant if inhibiting it has
a positive eVect on the disease.

Genomic medicine provides so many good targets that one can skip the promoter-bashing experiments
mentioned above, and race ahead to designing drugs. Those with the lowest toxicity/eYcacy ratio can be tested
in animal models, without bothering to work out the exact cellular mechanism involved. That can be left to
academic labs able to devote time to the subject.

In other words, the NHS can push for better clinical outcomes, while the MRC continues to fund basic
research into mechanism.

An Alternative Focus: QI

Quality improvement (QI) is still missing from healthcare. In most industries, research is intimately tied to QI.
Not so in medicine. Since 1948, as research has gotten more basic and less clinical, progress in clinical medicine
has ground to a halt. More progress was achieved in medicine in the 1930s, arguably, than in all the years since
the War on Cancer was declared in the US by President Nixon in 1972. Cancer survival rates have not
improved for most common adult cancers. Nobody understands why stomach cancer rates have been falling.
The decrease certainly can’t be duplicated yet in other cancers.

The House of Lords Science and Technology sub-committee has a historical opportunity to use genomic
medicine as a tool to improve quality in the NHS. The tool is certainly reliable enough. It will mean better
patient outcomes and lower costs immediately⁄5 per cent within the first 12 months of adoption, with greater
savings over time.

Cardiovascular disease can already be delayed, if not arrested (1,2). The remaining frontiers are oncology,
followed by neurodegenerative diseases and crippling psychiatric diseases like schizophrenia and autism.

The NHS could use its unique resources to create the molecular diagnostics and genomics-based therapeutics
of the next century or two. This would provide a revenue stream (river, really) for the NHS just when it needs
fiscal help the most: as the Baby Boomers age and rely on it more heavily.
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Molecular Diagnostics

The 5,000 SNPs we’ve already found for six cancers in whites are suYcient to predict 2/3 of cancers in whites.
Little additional work is required—perhaps GBP 1.5 million over a three year period—to achieve FDA
approval. A prospective trial could be performed at little cost over the next five to 10 years demonstrating that
early diagnosis could actually lower cancer mortality.

ACE inhibitors or ARBs could be tried to delay or even prevent tumor growth (2) in patients detected to be
at high risk for a particular cancer. So could one or more existing medications directed at some of the
thousands of oncogenes we have already discovered.

In addition, already established radiological techniques (ultrasound, MRI) could be used to identify tumors
while they were still small and surgically respectable for a cure.

Therapeutics

Until now, pharmaceutical companies have identified a disease pathway and then found inhibitors to interfere
with the pathway. The emphasis has been on eYcacy. Toxicity only becomes an issue later. This is backwards,
since 99.9 per cent of eYcacious drugs fail because of toxicity. From a business point of view, this approach
has been disastrous. The cost of bringing a new drug to market is now USD 1 billion and 12 years; it is only
going up.

The few remaining research pharmaceutical companies can no longer tolerate any failure. They eschew basic
science, instead asking biotechnology companies to present them with Phase III-approved drugs.

The only problem is that it costs GBP 250 million to get through Phase III. Nobody in their right mind would
invest that much in a biotech company. Biotech companies are one-trick ponies whose drugs fail at the rate of
99.9 per cent, the same failure rate as Big Pharma (research pharmaceutical companies).

With medical genomics, many thousands of participating genes can be identified at once. If one believes in the
power of genomic epidemiology, then one can assume that most, if not all, of the associated genes are
causative, as we have found for ACE (1-11). In other words, one can take eYcacy for granted. Then one can
screen out molecules based on toxicity. 99.9 per cent of compounds will continue to fail because they are too
toxic. The 0.1 per cent of compounds that pass toxicity assays can then be worked up for clinical trials. Starting
with 3,000 drugs directed against 3,000 diVerent targets should still result in three satisfactory drugs. Genomics
can take the failure out of the pharmaceutical industry, and restore its pipeline.

Note that genotyping patients in order to market a toxic drug is a bad idea. It is much less expensive to discard
a drug because of toxicity in an early in vitro assay than to:

(a) establish its mechanism of toxicity in humans;

(b) find the human genetics behind this toxicity;

(c) validate the toxicity test in a patient population, and

(d) try to recoup all of the additional research costs by charging extra for the drug.

It still takes many years to bring a new chemical entity to market. In the meanwhile, already existing drugs
can be repurposed, perhaps in combination. The genes associated with the disease determine which drugs to
try. So many thousands of genes are involved with each disease that it’s already possible to find several dozen
known drugs, with established toxicity profiles.

Stage IV cancer patients, whose prognosis is grim, could be used to test cocktails of already existing, non-toxic
drugs. Cocktails may work better than single agents. Blocking multiple steps partially may limit the overall
flux through the disease pathway specifically, eVectively, and without toxicity, the goals of “kind”
chemotherapy. Like the Lilliputians bringing down Gulliver with hundreds of weak ligatures, it may be
possible to inhibit overall flux through a cancer-causing pathway using relatively weak inhibitors rather than
the powerful cellular poisons currently employed.

Incomplete inhibition should limit toxicity. An inhibitor that blocked only 50 per cent of the activity of a
protein, combined with six other loose inhibitors, would nevertheless block overall flux through a pathway
that relied on all seven proteins by (99% (1/2[7] % 1/128 '1%).
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New Drugs

New chemical entities (NCE’s) can be developed if absolutely necessary—if no combination of already existing
and known drugs works. But the cost and probable toxicity of NCE’s should make them the last resort of any
healthcare system whose goal is QI.

Nevertheless, the UK is in an ideal position for drug discovery and drug development. It could easily harness
the MRC and NHS to become a “peer-reviewed virtual pharmaceutical companyTM.” The MRC could
continue to fund basic scientific programs into understanding drug mechanism, whilst the NHS could supply
patients for Phase I-III testing.

Funding, the rate-limiting step, could come from financial institutions hitherto not involved in pharmaceutical
research, but anxious to participate in the industry, now that Big Pharma is becoming extinct.

The research pharmaceutical industry has been undergoing massive consolidation since the late 1980s, so that
only a few large pharmaceutical companies are left. Evidently, the industry can no longer support as many
players as it used to. The reason for this is that managed care has been limiting the use of branded drugs since
the early 1980s, such that they now occupy only 30 per cent of the market. The use of generic drugs continues
to increase every year.

The fewer the drug companies left, the larger they get. The larger they are, the more risk-averse they have
become. Pfizer lost 20 per cent of its market capitalization over the failure of its HDL-raising drug last fall.
Drug companies are punished in the market-place for any failures. Their response has been to let biotech
companies fail instead. As a result, Big Pharma’s pipelines have dried up. A huge vacuum is opening up in the
pharmaceutical industry, precisely when genomics has finally made it possible to solve diseases.

Research Partnership

The MRC and NHS could perform the preclinical and clinical work necessary for new drug discovery. Routine
pre-clinical assays, such as absorption/detoxification/metabolism/excretion/toxicity (ADMETox), could be
subcontracted to companies specializing in this work, as could chemical manufacturing. A company like
GenoMed could easily supply the drug targets.

In return for its participation, the NHS could retain partial ownership of any intellectual property it helped
to develop, especially new drugs. They would provide an ongoing revenue stream for the NHS during their
patent life.

It light of the above discussion, I would like to try to answer the specific questions below.

Policy Framework

Who is in charge of setting and reviewing policy in this area?

In the US, the NIH and FDA.

Who provides scientific advice on policy development?

In the US, the NIH and White House OYce of Science Technology and Policy. Congress is not terribly
involved. The House of Lords Science and Technology Committee is to be commended for its involvement in
genomic medicine.

Who monitors and anticipates potential scientific developments and their relevance to future policy?

In the US, it appears to be the NIH and HHS. The NIH just asked for outside guidance on genomic medicine,
but it is pretty clear what they want to hear. The MRC would be just as closed-minded. Again, the House of
Lords Science and Technology Committee is to be commended for taking up the topic themselves.

How effective are these mechanisms?

Not at all. Healthcare has remained stagnant for the past 28 years that I’ve been a practicing physician.
Thiazide diuretics are still the first line treatment for hypertension. Just as in the 1920s, glucose control remains
the mainstay of treatment for diabetes, yet complications arise at the same rates as 30 years ago.
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Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies?

Not at all. It takes 17 years for a new treatment to make its way into the clinic. I have personal experience that
a new treatment doesn’t even get reported for going on six years now (1). Penicillin at least made the news soon
after discovery, even if it wasn’t widely available for a decade. In this case, the drugs are already available, but
nobody has breathed a word about the “recipe” for preventing end-stage renal disease. Healthcare has become,
for all intents and purposes, anti-innovative at its core.

Are there any regulatory gaps?

Not particularly. What’s interesting is that not all tumor-expression data is useful: estrogen receptor status of
breast cancers makes a big diVerence on treatment and prognosis, but not so EGFr status of breast and lung
cancers, etc. Nevertheless, anti-EGFr treatments, although horribly expensive, are prescribed and paid for. If
anything, the system is too lenient about paying for expensive medication which does little to improve clinical
outcomes.

In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

They need to be informed by clinical considerations above all. Ethical, legal and social implications (ELSI)
have, if anything, strangled genomic research in the US. Having to get informed consent for stored samples,
when the patients may have already died, seems quite unnecessary. Who could possibly be hurt by using the
tissue? Such misplaced solicitude has set the field back by several decades. Our duty is to patients with the
disease now who need to be helped.

How does the framework compare internationally?

Internationally, the field of genomic medicine is in its infancy. No healthcare system has a meaningful QI
program in place. Clinical outcomes are still not even reported, so how can they be improved? Samples are
being stored in BioBanks, but there is no funding for any but a handful of labs to access them.

Research and Scientific Development

What is the state of the science?

A “master” disease gene has been found (2) but not applied to the population yet. Its application alone should
save 5 per cent of healthcare costs within the first 12 months, and perhaps 30 per cent over 10 years (2).

Genes for six cancers in whites have been found, proving that GenoMed knows how to find causative genes
for all cancers and perhaps all polygenic, common diseases. In theory, we could do this for any ethnic group,
not just Caucasians, although we’d need to replicate dbSNP in each ethnic group.

What new developments are there?

Linkage disequilibrium approaches, which worked well for single-gene, so-called Mendelian disorders, have
not worked at all well for polygenic diseases. A recent NEJM article, for example, found a single TGF-beta
dependent gene after scanning cardiovascular disease patients for 600,000 SNPs (12). An association strategy
using functional rather than neutral, “marker” SNPs is far better suited to polygenic diseases.

We have evidence that (a) there are some 10,000 participating genes per polygenic disease; (b) each gene may
have more than one SNP involved; (c) consequently, the signal from any one SNP is vanishingly small. In fact,
there is no linkage disequilibrium between two SNPs only 17 bases apart. One SNP, at -789 in the ecNOS
promoter, has a strong [p'10(-21)] association with Disease A (NIDDM, but not diabetic nephropathy),
whereas another SNP at -772 has a similarly strong [p'10(-23)] association with Disease B (diabetic
nephropathy) but not Disease A (NIDDM).

Finding disease-causing polymorphisms in a sea of three billion letters is like fishing for cod in the Atlantic
Ocean. It helps to know where the fish like to congregate. Putting down nets every 10 meters across the Ocean
is a very expensive and ineYcient approach. Not surprisingly, whole genome association studies have yielded
little for the past two decades. Yet the pediatric geneticists and genetic statisticians who succeeded at solving
single gene diseases remain in control of the funding and the overall scientific strategy for adult, polygenic
diseases.
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What is the rate of change?

Little new since the CF gene was discovered 25 yrs ago. AVymetrix is putting out a 1 M SNP chip, since earlier
versions haven’t worked. Ultimately, a 3 M SNP chip will be required, since that’s the minimum number of
SNPs in the Caucasian human genome. There is a much more eYcient way to find disease-associated SNPs!

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

New technology is not necessary. Existing technology is adequate, if only there were adequate funding. Waiting
for new technology would be like Isabella calling oV Columbus until somebody discovered the diesel engine.

How effective is the policy and investment framework in supporting research in this area?

Rather ineVective. The same expensive approach to polygenic diseases that has failed for the past 25 years
continues to be funded by both the governments of the UK and the US. Big Pharma has followed suit,
compounding the loss of money and time. The field is considered to be too complicated for any other approach
to work. If the experts all say that linkage disequilibrium is the only way to proceed, why should a private
investor believe otherwise? How could a small start-up company possibly be right when the best and the
brightest names in science are unanimous in pursuing the same, albeit unsuccessful, approach?

As a result, the field is in serious danger of going nowhere. When will government finally contemplate an
alternative approach? Only after the 3 M SNP chip fails? Only after the 6 M SNP chip fails?

The biggest danger right now is that we’ll languish in the current state of clinical ignorance for another 50 years
for lack of investment.

How does research in the UK compare internationally?

No better or worse than anybody else. Many countries are collecting BioBanks⁄Iceland, for the sole benefit
of DeCODE; Estonia, etc. What nobody has yet done is actually solve any diseases. Or, if they’re solved (1),
there has been no interest in applying the solution (9).

How much collaboration is there?

None as yet.

What are the current research priorities?

In oncology, the NIH plans to use the $300K sequencing machines left over from the genome sequencing eVort
to sequence individual tumor genomes⁄the equivalent of trying to inhibit the formation of snow by carefully
photographing individual snowflakes.

What is the role of industry?

Industry is currently the public’s only hope⁄not Big Pharma, but small biotech companies like GenoMed.
Pediatric geneticists and genetic statisticians are unfortunately in control of government funding, meaning that
government is currently completely out of the competition. The only problem is that there is absolutely no
funding for small biotech companies to carry the day.

How much cross-sector collaboration takes place?

Very little at present. Nil. There is intense disdain and distrust of industry by academia. On the other hand,
academia has valuable—but replaceable—resources which could help industry. The good (and bad) news is
that cancer patients can be found anywhere. Prestige matters very little. If the UK doesn’t embrace the plan
I propose, they will become irrelevant bystanders. Any healthcare system in the world can carry out this plan,
and partners in drug discovery and development can be found in many countries, including India, China, etc.
The pieces of a “virtual” pharmaceutical company are easy to assemble. The technology is already available.
Funding has become the rate-limiting step.
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Data Use and Interpretation

Is genomic information published, annotated and presented in a useful way?

For most diseases, it doesn’t yet exist.

Should there be a common, public database?

Most of the $5-8 B a year pursuing disease-causing genomic polymorphisms would say no—that’s what they’re
trying to discover. It would be like nationalizing the gold mines while the Forty-Niners were still flocking to
California.

If so, who should fund, and have responsibility for, such an initiative?

The database will direct all of medicine for the next century at least. It will form the basis of molecular
diagnostics as well as the pharmaceutical industry. For the government to run this program would require an
extraordinary investment of funds and patience. Truly, it would be the “cathedral project” of the current
century. But it would require a substantial change in direction. That’s unlikely without a test first. A
competition to achieve pre-defined milestones over a short, say two year period, could be arranged, for
example, identification of at least 10 disease-causing genes. Winners would be allowed to proceed; the losers
would not.

Who should provide the framework for optimal evaluation of data and translational opportunities?

The data is easy to evaluate according to current scientific guidelines. There is a grave danger in making any
one entity the Data Tsar, since in the history of science the Data Tsar usually turns out to be wrong. What is
the sensitivity and the specificity of the test? Does the diagnostic chip actually lower mortality in a prospective
study? Can the results be replicated by other groups? These are standard questions which can be published in
any number of already existing journals.

What policy and funding mechanisms are in place for recognising and utilising potential opportunities?

Both in the US (NIH) and the UK (MRC), there is currently no policy for funding anything but me-too
science. Nor is there any meaningful funding for clinical research. Genomic medicine creates hundreds of
clinical hypotheses which all beg to be tested in actual patients.

Unfortunately, the NIH and MRC have left clinical trials to research pharmaceutical companies, beginning
in the 1960s. Since the 1980s, generic drugs have captured more and more of the pharmaceutical market.
Currently, 70 per cent of the drugs purchased by healthcare plans are generic. As a result, the market for
branded drugs is shrinking, and research pharmaceutical companies are going out of business. A massive
consolidation has been underway in the research pharmaceutical market since the late 1980s. There have been
virtually no Phase IV trials since the early 1990s.

This would be an ideal time to establish a clinically oriented funding mechanism. It should be part of the NHS
itself, rather than the MRC. It should consist of the following components:

1. Reporting outcomes as they currently are.

Outcomes can’t be improved if we don’t know where we’re starting from. How well do diabetics do in Mr. X’s
practice? How many go on dialysis? How long before dialysis? How many have heart attacks? How many lose
their limbs? How many go blind?

The next level of inquiry will be comparative. Why do the diabetics in Mr Y’s practice do better than Mr X’s?
Is there anything Ms Y does diVerently than Mr X? Can we all learn something from Ms Y, or will her hard-
won insight be lost to the ages?

2. Pharmacoepidemiology.

Medical genomics raises a huge number of clinical hypotheses. For example, genomic epidemiology suggests
that ACE inhibitors and ARBs may be useful for at least 150 common diseases. Review of patients’
prescriptions can quickly contribute information. Do patients taking an ACE inhibitor or ARB also take, for
example, more or less tamoxifen than you’d expect for breast cancer? Tysabri for multiple sclerosis?
Characteristic drug X for disease Y? If the odds ratio of taking an ACEI/ARB and characteristic drug X is
above 1, then ACEI/ARBs lead to that disease. If the odds ratio is less than 1, then ACEI/ARBs protect against
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that disease, in keeping with the genomic epidemiologic data. Prospective trials in actual patients with disease
Y are next in order.

3. Molecular diagnostics.

(see discussion above)

4. Phase IV trials of existing medications, including “cocktails.”

(see discussion above)

5. New drug discovery and development.

(see discussion above).

Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data?

If it’s on paper, it’s good enough. Obviously, electronic medical records would make it easier than having to
pull charts. But there’s no point spending valuable time and money on developing electronic medical records.
Use the money and time to find disease-causing genes and test new treatments instead.

Medicine has a long tradition of unnecessary make-work, such as the attempt at perfect blood glucose control
in diabetics. Just because something can be done doesn’t mean that it should be done. Only if it drastically
improves clinical outcomes should patients and physicians bother.

How should genomic data be brought together with other health information?

Genomic data should simply be part of the medical chart, like other health information. In principle, genomic
data is no diVerent from any other test result.

What are the implications of the generation and storage of genome data on personal data security and privacy,
and on its potential use or abuse in employment and insurance? How should these be addressed?

Anti-discrimination laws in the US (the Americans with Disabilities Act) and the UK already prevent
discriminating on the basis of a person’s genetic make-up. Health insurance in the UK doesn’t discriminate
at all, since the NHS accepts all comers, regardless of pre-existing conditions.

Genomic data will actually make it easier to achieve better clinical outcomes. Insurance companies will
become more profitable by using it. They would be silly to ignore it or, worse still, punish consumers because
of it.

Translation

What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

Tremendous opportunities for all three (please see above).

Who is responsible for translation to clinical practice?

At the moment, industry, since a business case can be made for improving patient outcomes and saving
healthcare costs. And government has distanced itself from clinically relevant research since the 1960s.

Given the pace of technological advance, how “future-proof” is healthcare investment in this area?

Finding disease-associated genomic polymorphisms is completely “future-proof”⁄they need only be found
once in a species’ lifetime. They will not change. In other words, getting the answer right is worthwhile; the
technology for getting the answer is irrelevant.

How does the UK compare to other countries and what lessons can be learnt?

At the moment, no better or worse oV than anybody else. The first healthcare system that embraces a new
approach will become the global leader in genomic-based medicine.

How meaningful are genetic tests which use genome variation data?

They are the best method of pre-symptomatic diagnosis.

What progress has been made in the regulation of such tests?



Processed: 29-06-2009 21:14:40 Page Layout: LOENEW [E] PPSysB Job: 411271 Unit: PAG1

526 genomic medicine: evidence

Nobody has them yet, so regulating them hasn’t been much of an issue. The BRCA1/2 tests were approved
before it became apparent that they predict only 5 per cent of breast cancer in white women. It had been hoped
that they accounted for more sporadic cases. In general, families get their diseases in a diVerent way than the
bulk of the population, making linkage analysis even less useful for the general population.

A large, ethnically diverse healthcare system like the NHS is in a relatively unique position to work out
accurate values for genomic tests for the world’s major ethnicities: their sensitivity, specificity, positive
predictive value (PPV), negative predictive value, cost-eVectiveness, eVect on mortality, etc.

Biomarkers and Epidemiology

In what way do genome-wide association studies contribute to the identification of biomarkers?

Surprisingly little. See, eg, the recent largely negative search for cardiovascular disease-causing genes using
600K SNPs published in the NEJM. A single TGF-beta dependent gene was unequivocally found (12). This
was already obvious in 1992 (see 1 for ref.).

We’re told to wait for the 1 M SNP chip, just as we were told, when the 100K SNP chip failed, to wait for the
600K SNP chip. A 1 M SNP chip has marker SNPs roughly every 3,000 base pairs. Yet we have evidence that
two SNPs only 17 base pairs apart are completely unlinked. Continuing to pursue the same, extraordinarily
expensive approach without at least exploring other avenues is poor scientific strategy. Any scientist running
his/her own laboratory would have given up on this particular line of attack long ago. It’s surprising to me that
the UK, which prided itself on clever rather than brute-force experimental approaches when I was a student at
Oxford in the mid-1970s, is still copying everybody else 25 years later.

How is the study of genetic factors and biomarkers integrated for translational purposes?

A healthcare system that wanted to improve clinical outcomes could easily do this. But the first step would be
to try to optimize clinical outcomes. The NHS doesn’t even report outcomes yet. No health system does.
Reporting health outcomes would be an invaluable first step for quality improvement (QI), irrespective of
genomic medicine.

What impact will genomic data have on data emerging from projects such as UK Biobank, Generation
Scotland and other biobanks?

The Biobanks are not as useful as directed patient collections for specific diseases. A directed strategy would
be much more eYcient than exhaustive sample collection. Collecting samples does not solve the disease.

Use of genomic information in a healthcare setting

What impact will genomic information have on the classification of disease?

It will be critical as an early warning system for otherwise lethal diseases, such as cancer. It may help in the
treatment of currently untreatable diseases. But it won’t necessarily help much with classification⁄other than
to show that one gene may be involved in many diVerent diseases.

How will it aVect disease aetiology and diagnostic labels?

A single gene can cause multiple diseases. Genomics may break down barriers between clinical divisions.
Genomics is tending to “lump” diseases together, rather than slice diseases into ever finer categories.

How useful will genomic information be as part of individualised medical advice?

Critical for assessing cancer risk and detecting cancer while still early. Probably not very important in
determining specific treatment. We’ve found that everybody responds to an ACE inhibitor, for example,
regardless of ACE I/D genotype (1). Similarly, people without a particular SNP in gene X may still respond
to an inhibitor of gene X simply because the overall disease pathway involves gene X. We still don’t understand
what a disease pathway looks like, whether it’s common to all patients with the same clinical diagnosis, etc.
We’ll only know how disease pathways work once we get clinical experience trying to interrupt them. To
pretend otherwise at this point would be dishonest.

What provisions are there for ensuring that the individual will be able to understand and manage genomic
information, uncertainty and risk?

The general provision that any information be told in a way that a 2nd grader can understand it. Genomic
medicine will be the GP’s duty to explain to the patient. Those establishing new tests will need to make the
test intelligible to the GP.

Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?
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There’s no sense regulating something that doesn’t even exist yet. Plus, the people presumably doing the
regulating⁄trained genetic counselors⁄studied Mendelian genetics. Polygenic diseases have not been fully
characterized yet, let alone understood. So it makes little sense to have Mendelian geneticists regulating people
on material they don’t understand themselves.

What are the implications of developments in genomic technologies for the training of medical specialists and
other health professionals?

With luck, genomics will elevate the GP and make subspecialists redundant.

Are there any gaps that need addressing?

Geriatrics, but genomic medicine doesn’t change population demographics.

What is the assessment and planning for future needs in capacity?

If genomics can increase life expectancy by a decade, people are going to have to agree to die at home once
they reach 100, rather than in hospital. That’s the only way for a healthcare system to save money.
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Memorandum by Genzyme UK & Ireland

1. Introduction

Genzyme UK & Ireland welcomes the House of Lords Select Committee’s inquiry into genomic medicine and
is grateful for the opportunity to contribute evidence on this important subject.

Genzyme is one of the largest and most well established biotechnology companies in the world. We have more
than 25 major products and services marketed in over 90 countries, including 15 manufacturing facilities and
nine genetic testing laboratories. Genzyme is a global leader in the eVort to develop and apply the most
advanced capabilities in biotechnology to address a range of unmet medical needs.

Since 1981, when Genzyme was founded in the USA, and also began operations in the UK, it has become far
more than a rare disease company. We have built a diversified product portfolio and pipeline focused in five
major medical areas. We consider ourselves to be a pioneering biotechnology company with a heritage of
innovation working in the personalised medicine space.

At its simplest, personalised medicine means using genetics to identify the profiles of patients, devising
diagnostic tests for patients and prescribing the medicines that would best suit them.

2. The Current Climate in Genomic Technologies

In 2003, the Department of Health, which is seen as the main “Government driver” on genomic medicine,
stated that genetic advances would pave the way for a “revolution in healthcare”. This was strong language,
but the underlying point is well taken. (Our Inheritance, Our future—Realising the potential of genetics in the
NHS, June 2003).

The mapping or sequencing of the human genome has helped to link more diseases to specific genes.

Of course, it is a considerable step from linking genes to a specific disease, to then devising a suitable diagnostic
test, which is later applied to patients.

A key outcome of genetic testing is that it should help reduce the medicines being given to people who don’t
benefit from them. Multiple studies have shown that most drugs prescribed in the US are eVective in fewer
than 60 per cent of cases. This appears particularly true for cardiovascular drugs, antidepressants and asthma
beta2-agonists (Aspinall and Hamermesh, Harvard Business Review, October 2007).

If the UK experience is reasonably similar, there is a serious extra cost to the NHS from ineVective drugs. For
patients, it means that initially they may not receive the medicines that they need. This can mean unwelcome
and sometimes very serious delays in eVective treatment.

What is happening in genetic medicine

It is important not to overstate what is happening. As the paper by Feero and others, published in JAMA
(American Medical Association) on 19 March 2008 pointed out, clinical application is being hindered by:

— Lack of information on how the prevalence and risk contribution of genetic markers vary across
population groups

— Limited data on how the inheritance of multiple markers aVects an individual’s risk for various
diseases

— Fragmentary information on how most genetic risk factors interact with environmental factors

— A paucity of studies on common diseases that test the eVect of interventions based on genetic risk
factors.

Even so, genetic tests exist for more than 1300 diseases and conditions (Eurohealth, Vol 13, no 4, 2008) and
positive conclusions are emerging, some of which are set out below:

— Genetic testing has shown that serious bleeding by over-prescribing of Warfarin, and strokes from
under-prescribing of Warfarin, can be avoided. This is because a variation in a gene (or its absence)
can aVect the minimum dosage that is eVective and the maximum dosage that an individual can
tolerate without suVering an excessive adverse reaction
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— Patients with prostate cancer, who lack the genes that cause an aggressive form of cancer, can avoid
the need for radical surgery, radiation and chemotherapy

— A genetic trade-oV between type 2 diabetes and prostate cancer has been identified, with the
discovery of genes that can raise the risk of one condition while protecting against the other. This
should help scientists to avoid designing drugs aimed at one disorder that inadvertently trigger
another

— Genetic testing has shown that a well-known drug for breast cancer is being prescribed for HER2-
negative patients, who do not benefit from it

— HIV testing can determine the current genetic make-up of a patient’s virus, so that drug therapy can
be tailored accordingly.

(Sources include Aspinall and Hamermesh, Harvard Business Review, October 2007, and timesonline, 31 March
2008, on genetic variants).

The results in these slightly disjointed areas are a signpost, which shows the direction in which we are going.
We are at the start of a long journey.

Most NHS genetics work has been concerned with inherited disorders caused by a defect in a single gene or
chromosome that results in a specific medical condition or syndrome such as cystic fibrosis, haemophilia and
muscular dystrophy.

However, genetic markers are being listed for common chronic disorders including diabetes, heart disease,
Crohn’s disease, and several common cancers.

3. Factors Influencing New Developments by Companies in Genetics

Genzyme welcomes the focus which the Government is taking on genome technologies. This commitment is
longstanding. In 2003, the then Prime Minister, The Rt Hon Tony Blair MP, said in the White Paper Our
Inheritance, Our future—Realising the potential of genetics in the NHS that he was

“proud to know that much of this ground-breaking work [in genomic medicine] is already taking place
in our country. I am also absolutely determined that the National Health Service should be able to
respond to these advances so the benefits of genetics and the more personalised and improved healthcare
it will bring are available to all”

The Progress Review on the White Paper, published in April 2008, is encouraging in showing where previous
commitments are being met. In particular, given the importance of translating genomic technology into
clinical practice, Genzyme welcomes the emphasis on educational support for healthcare professionals and
training to prepare them for their roles.

Internationally, the US is clearly in the lead in the understanding and application of genetics and, in Europe,
the European Commission has taken a lead in encouraging genetic research, with stronger regulation (see
below) and improving the quality of genetic testing (European Journal of Public Health, Vol 15, Supplement 1,
2005). Compared to other European countries, the UK has a lead role, with Germany and France also taking
a keen interest.

Genzyme is committed to working with the Government to deliver future healthcare technologies. The main
factors influencing companies like Genzyme in the UK are:

— The state of scientific knowledge in the developing world. In particular, Genzyme works closely and
in collaboration with the universities with a strong science base

— The advantages for patients for having more eVective medicines

— The commercial advantages to be gained for companies

— The ability to recruit scientists to facilitate its R&D work

— The degree of regulation. Genzyme supports the regulations supervised by EMEA in Europe as well
as the new EU regulation (to apply from end-2008) on advanced therapy products. However any new
regulations must be justified and proportionate if they are not to hamper new developments

Genzyme is keen to work with the UK Government to ensure the appropriate prioritisation of research and
development priorities and with this in mind, we welcome the establishment of the OYce for Strategic
Coordination of Health Research to bring together the health research budgets of the Medical Research
Council and the Department of Health and the appointment of Professor Sir John Bell as its Chairman.
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We see major cost-eVective advantages for the NHS is using genetics to help reduce the medicines being given
to people who do not benefit from them and to identify those medicines which would best suit them.

However, there is a specific concern about the future of genetic developments in the UK in the light of recent
developments concerning the Pharmaceutical Price Regulation Scheme (PPRS), which currently applies to
companies like Genzyme UK & Ireland.

— The need for a stable economic environment is essential for companies like Genzyme UK & Ireland
and has been provided since its arrival in the UK by the PPRS, which is renewed about every five
years

— The provision of free pricing (subject to the overall profitability cap) is a major attraction to the US
parent company

— The proposals by the OYce of Fair Trading to replace the PRRS with a new system based on
individual valued-based pricing prices were therefore not supported by Genzyme UK & Ireland

— The Department has notified the industry that the existing scheme will end on 1 September 2008,
although it was due to run until end-2009

— In addition, it is understood that the Department of Health is proposing a significant across-the-
board price cut for all medicines.

Such unexpected and adverse measures would undermine the long-term stability of the industry; destroy free
pricing; and introduce a very bureaucratic system (in France, the pricing negotiations for each product can
take a further 18 months from the date of licensing). It would be reasonable to expect new biotech and
pharmaceutical investment in the UK to be deterred.

4. Some Ethical Issues

Genzyme has a particular interest in the ethics of genetics, which have yet to be properly addressed.

Some issues may be relatively straightforward, such as the protection of privacy as a result of genetic profiling,
and ensuring that employees and insurance companies do not require or use genetic testing as a basis for
discrimination. We welcome the moratorium agreed with the insurance industry to place a moratorium on
their use of genetic test results until 2011.

The psychological burden of genetic testing, for example of children, is a more diYcult issue which needs to
be considered.

Yet another issue may be the increasing public demand and public resentment about the potential for genetic
advances to be applied to enhancing sporting or academic prowess rather than ameliorating disease.

We would ask the Committee to consider recommending the establishment of a Code of Practice, to be drafted
after consultation with interested parties and looking at what other countries are doing, such as the bioethics
law passed in France in 1994. This could be done by the Human Genetics Commission.

18 April 2008

Memorandum by Dr Maggie Gregory and Dr Paula Boddington68

Summary

This paper addresses one of the five questions in the section on “Policy Framework”. It will argue that greater
regulation may be needed of clinical decisions to oVer carrier testing to children (including adolescents).
Although guidelines for carrier testing were established in 1994, the interpretation of these guidelines appears
to be flexible in practice. Evidence from research69 undertaken as part of the programme of work of the ESRC
Centre for the Economic and Social Aspects of Genomics (Cesagen),70 suggests that early testing may not be
in the best interests of these young people and that they may not fully understand the implications of being
tested, at a stage in the life-course where the results are not immediately relevant to them. We also draw upon
68 During the period 2003-2007 both the authors of this paper were employed on the programme of work of the UK Economic and Social

Research Council Centre for the Social and Economic Aspects of Genomics (Cesagen); a collaboration between Lancaster and CardiV
Universities. Dr Boddington worked on three research projects, examining bioethical issues in developments in genomic medicine,
while Dr Gregory worked on two genomic medicine research projects. Dr Boddington is now employed as a Senior Research Associate
at the Ethox Centre, Oxford University, while Dr Gregory is an independent scholar with her own research company. This evidence
is submitted by the authors as individuals.

69 “The Transgenerational Communication of Genetic Information”, funded (2004-7) by The Wellcome Trust, undertaken as part of the
programme of work of Cesagen. The principal investigators were Professor Angus Clarke and Professor Paul Atkinson.

70 This evidence is submitted separately from that by Cesagen (which is subsumed within the RCUK response) given the importance of
the subject matter.
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our observation of a meeting held on 6 July, 2007: “Genetic Testing of Children: How should we decide?,”71

at which it was clear that UK medical practitioners are inclined to meet parental requests for testing before
their children have reached the age of majority, despite the existence of self-imposed clinical guidelines. The
application of the notion of Gillick-competence may not be appropriate to carrier testing and it may be that
the self-regulation of the medical profession needs to be curtailed by the development of government policy
in this area.

1.Introduction: Professions and Regulation

1.1 In his recent book, Mark Davies makes the following observations about the regulation of professions,
and in particular, the medical profession:

“Professions such as medicine involve the provision of services which are of high importance to
clients and require high levels of expertise and judgement by the professional. The client is frequently
unable to accurately assess [sic] the quality of service. External models of regulation, it is often
argued, are unsuited to many issues arising within the field of regulating professionals. This is
because the discretion much professional judgement entails is beyond the understanding of those
outside of the profession, and is usually undertaken away from the visible aspects of professional
practice. Self-regulation seeks to address these diYculties by having the expertise of others in the
profession on hand and by seeking to guarantee the quality and integrity of those entering and
remaining in the profession. To achieve this, the state strikes a bargain with the profession, whereby
the profession is granted a near monopoly over the provision of its services, and in return it provides
rules of conduct and associated regulatory processes.”72

1.2 As part of the process of self-regulation it is usual for a professional body to draw up guidelines or policies
that its members must follow in the practice of their profession.

2. Genetic Testing of Children

2.1 The genetic testing of children is governed by the Clinical Genetics Society (CGS) guidelines, promulgated
in 1994 following the establishment of a Working Party under the Chairmanship of Dr Angus Clarke.73

Testing can be oVered in two main contexts:

— Predictive testing

— Carrier testing

2.2 There appears to be consensus that there is nothing to be gained by oVering predictive testing to those
under the age of 18 for conditions where no treatment is possible (for example Huntington’s disease, an
incurable, progressive adult-onset illness). However, testing for carrier status (where the individual is not
aVected by the condition themselves but can transmit the defective gene to their oVspring) is controversial, as
evidenced by the discussion that took place at the 6 July meeting. There is pressure from parents for testing
for carrier status to be available to adolescents, and it seems that some clinicians find it diYcult to resist
parental demands for testing to be carried out.

2.3 The 1994 guidelines on carrier testing state:

“4. In general the working party would make a presumption against testing children to determine
their carrier status, where this would be of purely reproductive significance to the child in the future.
(a) […] if the results would only be of future reproductive concern to the child, then it is wiser to defer
the testing until the child is able to understand the issues and requests testing in person. (b) Where
such (carrier) testing is, or has been, taking place, it would be useful to institute prospective and
retrospective psychosocial evaluations of the impact of the testing on the children and their families,
so that future policy can be guided by evidence rather than conjecture and anecdote”74

2.4 Testing for carrier status for various genetic conditions often takes place during adolescence or young
adulthood. General guidelines on genetic testing that discuss carrier testing in children commonly hold a
broadly similar position, recommending that testing should generally be left until the child is capable of
making an informed decision to be tested.75 However, there is still much potential for carrier testing before
the legal age of adulthood at 18. Some UK guidelines specifically argue for a degree of flexibility.76

71 See Section 7(1) for details.
72 Davies (2007) 5.
73 Now Professor in Clinical Genetics, CardiV University.
74 Clinical Genetics Society (1994)
75 A useful overview of these guidelines is given by Borry et al (2006).
76 British Medical Association 1998, Genetic Interest Group 1995.
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Additionally, careful analysis of guidelines on carrier testing in children and adolescents indicates that
although it is generally advised against, this advice is worded less strongly than that for childhood predictive
testing of adult onset conditions. Hence it is potentially more easily overridden.77 Moreover, it is noteworthy
that policy statements tend to present carrier testing as a relatively minor procedure, citing that it is “only”
about reproduction rather than about one’s own disease status. This potentially suggests that consent
procedures could be dealt with relatively lightly.78

2.5 In discussing the appropriate age for carrier testing, Borry et al (2006) note that guidelines “emphasised
that the decision to test should be made by the child when he [sic] reaches reproductive age.”79 “Reproductive
age” is itself a highly flexible notion: it could encompass age of first period, age of onset of fertility, age of first
intercourse, or age of consciously “trying for a family”. In our discussion of what constitutes suYcient
maturity to consent to carrier testing, and how this relates to the law on consent, we will be questioning exactly
how this common link of carrier testing with reproductive age is and should be made.

2.6 The age at which testing for carrier status is oVered and conducted varies between institutions. At some,
this is at or after the age of eighteen, but testing may also be undertaken earlier, and our data includes many
instances of carrier testing well before this age. Testing may occur at around the age of 14 or 15, and is often
associated with the onset of puberty.

2.7 There is indeed some impetus, in policy discussion and, as our data will show, in practice, to equate age
of appropriate testing with sexual maturity. The Clinical Genetics Society dismisses sexual activity as a reason
for carrier testing, and suggests that pushing such testing on an adolescent is ‘likely to generate more problems
than it “solves”.80 Against this, when discussing the boundaries between childhood and adulthood with
reference to genetic testing, the Genetic Interest Group states: “The age at which a young person becomes
sexually active might be a better indicator than any fixed age. It is certainly the age at which genetic
information becomes important in many circumstances”81, going on to add, “In many, perhaps most, cases
the issue of carrier status will be best dealt with at puberty or when the child becomes sexually active.”82

Commentary on this indeed suggests that carrier testing before sexual maturity or activity is actually advisable:
“Facts of life are best absorbed slowly and when the moment is right than during a crisis over a pregnancy.”83

2.8 We are concerned that there seems evidence that in at least some instances, the Gillick ruling may have
contributed to a presumption of a lowered age of consent to carrier testing, perhaps linked with onset of
puberty. As we go on to discuss, this would not be a faithful interpretation of Gillick, and there are reasons to
consider that neither does it represent good practice, if applied generally.

3. Benefits and disadvantages of testing at different ages

3.1 Discussion of the advantages and disadvantages of carrier testing in childhood focuses upon concern for
the child’s autonomy, including the possible compromise of confidentiality, and upon assessing possible harms
and benefits, including psychological ones.84 Whilst our concerns here have particular relevance for issues of
autonomy, they also take a diVerent perspective: the eVectiveness of such testing. There are grounds for
considering that in at least some instances, adolescents may have a reduced capacity to understand these tests
and their implications compared with adults, and that moreover there is some evidence that this reduced
capacity may escape detection. The purpose of the tests, to provide information in a form that is assimilated
and available for future practical use, therefore could be compromised.

3.2 The benefits and disadvantages of carrier testing at diVerent ages are often discussed in relation to
certainty. If carrier testing is performed at adolescence or adulthood, this has the consequence that potential
carriers, and their parents, may grow up uncertain about whether or not they have inherited the relevant gene,
and thus whether they are able to pass it on to their children. Parents too may feel uncertainty and associated
concern for their children, sometimes accompanied by guilt.85 The pressures of such uncertainty may be used
as a reason for earlier testing. There are also many instances where children have grown up without any
knowledge of the condition, or with any notion that they might be aVected by it, and so cannot be said to
“suVer” from any uncertainty in relation to it.
77 Hogben and Boddington 2005.
78 Hogben and Boddington 2005
79 Borry et al 2006: 134).
80 Clinical Genetics Society, 1994: 793.
81 Genetic Interest Group, 1995: 2
82 Genetic Interest Group, 1995: 4
83 Gillot, 1998: 99
84 (McConkie-Rosell and Spiridigliozzi, 2004; Hogben and Boddington, 2005; Borry et al, 2006)
85 McDaniel, 2005; Hallowell et al, 2006; James et al, 2006; Lynch et al, 2006, Featherstone et al, 2007.
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3.3 The resolution of uncertainty may thus act as a reason for earlier testing, and therefore as a reason to carry
out testing in adolescence sooner rather than later. This makes the obvious assumption that carrier testing
provides information which gives rise to knowledge that resolves the uncertainty. However, there are many
reasons to question any simplistic equation of the provision of information with the acquisition of accurate
and usable knowledge and, as we shall argue from an examination of data arising from a recent research
project,86 many reasons to think that carrier testing during adolescence may well fail to translate into eVective
understanding. If this is absent or incomplete, a substantial reason for earlier testing is defeated.

3.4 There are many reasons for caution in considering the eVectiveness of genetic counselling in this age group.
GaV et al (2006) discuss how the ability to think abstractly, the necessary self-awareness for applying abstract
notions, such as risk, to one’s own position, and the capacity to think about both long and short term
consequences develop during adolescence at varying speed. These factors, as well as the absence of transferable
life experiences, may add to the diYculty of genetic counselling for adolescents. The lack of relevant life
experiences to ground abstract notions in concrete and personalised reality is a general factor in the ability
to comprehend genetic information87 and hence a particular potential problem in providing genetic tests to
young people.

4. The Gillick ruling and competence to consent to medical treatment

4.1 Space constraints do not permit a detailed discussion of UK law on consent to medical treatment and the
eVect of the Gillick judgement, although this can be provided. An examination of the judgement shows that
it replaces a “status” approach88 to capacity to consent to medical treatment with a functional approach,
which makes “ability to understand” the basis for capacity or competence to make a decision. Following
Gillick, the General Medical Council guidelines emphasise that the judgement of whether patients are capable
of giving or withholding consent to treatment or disclosure must be based on an assessment of their ability to
appreciate what the treatment or advice sought may involve and not solely on their age (General Medical
Council 1998: 23). The Law Commission also adopted the functional test in its report Mental Capacity (Law
Commission 1995) which is now incorporated into the Mental Capacity Act 2005.

4.2 The Gillick ruling thus made clear that there should not be a blanket rule about capacity to consent based
upon age or any other criterion, but each case should be considered individually based upon a judgement of
“suYcient understanding”. This will depend upon diVerences between individual persons, and also diVerences
between procedures should be considered.

4.3 So, how would this approach to capacity testing apply to genetic carrier testing? McHale considers that
“given that the implications of such a test may be considerable, it is likely that a high level of maturity would
be required before the child will be held to be competent to testing/screening without the knowledge of his
parents or against their express wishes”89 (1997: 6). We are not here concerned per se with cases of child/parent
conflict, but with what level of maturity is needed for truly adequate consent, which this opinion would set as
high. As well as theoretical reasons for requiring such a high level of maturity, we have evidence from
considering our interview data that tends to confirm this view.

5. What level of understanding is desirable for carrier status testing?

5.1 Lord Scarman in Gillick talks of the kinds of things a girl needs to understand in relation to contraceptive
advice and treatment. “…[T]here is much that has to be understood by a girl under the age of 16 if she is to
have legal capacity to consent to such treatment. It is not enough that she should understand the nature of the
advice that is being given: she must also have suYcient maturity to understand what is involved. There are
moral and family questions, especially her relationship with her parents; long term problems associated with
the emotional impact of pregnancy and its termination; and there are risks to health of sexual intercourse at
her age, risks which contraception may diminish but cannot eliminate.” (646)

5.2 This spectrum of concerns contained in this statement also presents itself with regard to carrier testing. It
is important to remember that the staged growth to maturity emphasised by Gillick is not only staged, it is
multidimensional, and maturity may be reached on some elements and not on others. It is salutory to consider,
that insofar as a girl under the age of 16 may be judged suYciently mature to consent to contraceptive
prescription, this is against a background of the perceived importance of providing such a safeguard,
86 “The Transgenerational Communication of Genetic Information”, funded by The Wellcome Trust (2004-7), which was undertaken as

part of the programme of work of the ESRC Centre for the Social and Economic Aspects of Genomics (a collaboration between
Lancaster and CardiV Universities).

87 Gregory and Boddington, forthcoming
88 A “status” approach to judgements of competence is one based upon some attribute of the person such as age.
89 McHale, 1997:6.
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recognising that most girls of this age, at least in modern Western societies, manifestly lack the maturity for
motherhood.

5.3 Likewise, we would argue that elements of the maturity needed to consent to carrier testing may be
present, whilst others may be absent. In particular, we are concerned with how this mixed picture might impact
upon carrier testing as good medical practice, given that a sine qua non of such practice is the ability to digest
and retain the information and its personal implications for much later use.

6. The research findings

6.1 Our research on family communication (see footnote 86) was designed to address questions of when and
how parents discuss issues relating to familial disease with, inter alia, their oVspring. Several conditions were
investigated but our focus here is upon the data relating to haemophilia.

Whose knowledge is it anyway?

6.2 Some of our data indicate that testing of adolescents (or indeed younger children) is motivated by concern
not of the child, but of the parents. This is particularly the case in respect of the mother. That the prompt to
test might originate from the parents rather than the child might in itself seem unproblematic. However, there
are strong grounds to consider that it is crucial that the impetus comes from the child, because of the
importance of that child being ready to receive and make sense of test result information for the test to fulfil
its purpose.

6.3 In our interview data it is clear that some of the adolescents tested for carrier status were not in fact able
to assimilate the information that the test result provided. We have examples of people having been able to
convince the clinic that they understood the issues and were able to make an autonomous decision to have a
test, but who looked back and said that, with hindsight, it was too early for them.

Sexual maturity and pregnancy concerns

6.4 Our data indicate that in at least some instances, testing is taking place when a female child lacks suYcient
maturity; physical maturity may develop at a faster pace than emotional maturity. Even when an adolescent
girl is emotionally mature for her age, she may not be ready to think through the implications of reproduction,
which for most adolescents is a topic that belongs to a diVerent stage in the life cycle. However, we also have
data indicating that pressures to test at adolescence exist. It may be possible that diVerent forms of maturity
are being conflated: physical maturity (evidenced by the onset of menarche) and the potential for sexual
activity, on the one hand, and the reflective future-oriented maturity needed to consider fully the ramifications
of a positive test result.

6.5 In discussion, some interviewees made an explicit link between the age of sexual maturity and the need
for their daughter to be tested to ascertain their carrier status. Even where an explicit connection between the
onset of puberty and testing was not made, our data show that for some parents who were interviewed the link
with possible sexual activity was a factor that they took into account in considering the timing of
communicating risk status.

7. Meeting: “Genetic Testing of Children: How should we decide?”: 6 July 2007

7.1 In July 2007 the British Medical Association held a one-day conference entitled “Genetic Testing of
Children: How should we decide?” The event was supported by the Wellcome Trust and was organised in
association with the Genetic Interest Group, the Society for Genomics Policy and Population Health, the
Clinical Genetics Society and the Centre for Economic and Social Aspects of Genomics. The conference was
advertised as an opportunity for all interested professionals, families and researchers to meet and discuss the
way forward, including the potential need for the revision of the CGS guidelines on genetic testing of children.
The authors attended the conference and presented a written briefing on the research on which this evidence
is based.

7.2 The conference served to highlight (both through presentation of research and the contribution of
clinicians to the discussion that took place) that the CGS guidelines on carrier testing are not being observed.
It appears that clinicians do not construct “child/children” in a way that equates with UK law which provides
that a person reaches adulthood at the age of 18. Before that milestone is reached a person has the status of
“child” or “minor”. As a consequence, the CGS guidelines, which presume against testing children for carrier
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status, should be applied. However it would seem from those proceedings that health professionals wish to
continue to have maximum flexibility and autonomy in this area and were resistant to suggestions that the
guidelines on carrier testing should be applied.

8. Discussion of issues

8.1 Our interview data suggest that in some instances at least, it seems that clinics are not actually applying
the Gillick ruling, which rests on a rebuttable presumption of lack of competence to consent for under 16 year-
olds, and requires consideration of individual cases. Rather, it seems there may sometimes be a general
lowering of the age of consent to carrier testing. There may in eVect be a “status” approach to capacity to
consent, whereby it is in eVect assumed that younger girls are capable of consenting to carrier testing. This
may partly result from a perception that the decision to conduct carrier testing is relatively unproblematic and
that consenting to it a correspondingly less weighty. There is also some evidence to suggest that in some
instances the onset of puberty may be seen to indicate adequate maturity to consent to test. However, to
assume this without careful checking in each case is to conflate diVerent aspects of sexual and emotional
maturity, and runs counter to advice in the Gillick judgement that discusses diverse factors in a child’s
development.

8.2 Recent research reporting a survey of 177 clinicians in the 27 European Union member states provides
strong corroboration of the findings from our interview-based study.90 This study asked clinicians questions
about the age at which they would recommend informing children of their genetic risk of carrier status; the
age at which minors should be allowed to request carrier tests with parental consent; and the age at which
minors should be allowed to request carrier tests without parental consent. For all questions, the UK clinicians
gave on average, lower ages than any other country, often roughly two years below the European average. For
example, age for allowing carrier testing without parental consent was 16.89 for Europe as a whole, but 14.79
for the UK. From such a survey it is not possible to be sure why this diVerence from the rest of Europe might
exist, but we speculate that the influence of the Gillick ruling could well be a factor.

8.3 Second, it seems that in some cases, even to the extent that the Gillick ruling is relied upon, its application
may be flawed. The Gillick judgement makes clear that intellectual understanding alone is not enough. Many
adolescents may not actually have adequate maturity in the appropriate areas of development and hence the
understanding needed to consent, despite sometimes appearing to understand. Comprehending genetic
information and its implications requires not just an adequate level of intelligence, but, as we have argued
elsewhere, the grounded experience and maturity to make sense of the information and relate its implications
to one’s own life91 Relevance is a key issue in health information assimilation.92 At times, certain health
information may be ignored in ways that may seem “irrational”, but which might be far more reasonable once
the specific concerns of the individual and their own position in the lifecourse was taken into account.

8.4 From the analysis of our research data we have examples of mothers who wished to have reassurance that
they had not passed on the gene, of young women who admitted that they did not understand enough about
their clinic consultation to bring that knowledge to bear on their life, and of parents who either explicitly or
implicitly made a connection between potential adolescent sexual activity and the need for the carrier status
test to be undertaken. These factors, taken together, suggest that attention needs to be paid to the purpose of
testing adolescent girls.

8.5 Any legally valid consent requires the ability to comprehend and retain relevant information.93 In the case
of genetic carrier testing, especially in adolescence where very few are considering embarking on parenthood
immediately, the point of the whole procedure is to provide information that will be used in the future. Hence,
long-term recall and understanding is of the essence. Having babies is not uppermost in the minds of most
adolescents, even though a minority see motherhood as a desirable outcome with status implications.94 There
is evidence from our data that if information is not seen as salient, it is less easily digested and less easily
recalled.

8.6 Furthermore, this must be considered against a benchmark of generally relatively low levels of
understanding of medical information. There are many studies that show that patients may have low levels of
recall of information given to them in the process of obtaining informed consent to a procedure. Moreover,
there is evidence that genetic information in particular may sometimes be poorly understood95 In addition,
90 Borry et al, forthcoming
91 Gregory and Boddington, forthcoming
92 For example Backett and Davison (1992), in a study of the relevance of health advice to the general population, argue that account

needs to be taken of the particular social and structural contexts of individuals and, specifically, a person’s position in the lifecourse
93 Re C 1992, our emphasis
94 Cater and Coleman, 2006; Coleman and Cater, 2006.
95 Skene, 1998; Gregory and Boddington, forthcoming
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data discussed above indicate that patients may fail to understand information even at the time of consultation
regarding carrier testing, and that on occasion, this lack of understanding may go unnoticed by the
professionals involved.This should give rise to caution in applying the Gillick test which requires individual
consideration of adolescents presenting for carrier tests.

8.7 The data suggest that there is a link in parents’ minds with the onset of physical maturity, potential
pregnancy, and carrier testing. It appears that this rests on a belief that knowledge of carrier status will be
utilised in modifying behaviour. We suspect that familiarity with the idea of the “Gillick competent” child,
especially in relation to sexual development, may also drive the link between growing physical maturity and
carrier testing. Our data however indicate quite strongly that some adolescents are not yet able to assimilate
and use this information, and do not see it as relevant to their particular life stage. This is consistent with a
very large body of data on adolescent sexual behaviour and risk-taking.

8.8 Integrating knowledge into personal life is an essential part of weighing all relevant factors in reaching
decisions. UK law on capacity to consent requires the ability to understand the relevant information, to retain
that information, to use or weigh that information as part of the process in coming to the decision, and to
communicate the decision by whatever means96 However carrier testing during adolescence may in at least
some instances, fail to reach this standard. But how well can adolescents weigh information relevant to
carrier testing?

8.9 We would suggest that, given the multiplicity of factors that are present in any given sexual encounter, the
addition of the known risk of producing a child that may potentially have an inherited disease is likely to be
of little deterrent to risk-taking in adolescent sexual relations. Our data suggest that, looking back to testing
during adolescence, some consider they did not really appreciate the import of their test results. As a
consequence, the imperative for an adolescent to be told that she is a carrier of a disease-producing gene would
appear to be based on an over-simplified account of complex behaviour.

8.10 As we argue above, the individual must be suYciently mature to integrate knowledge of her carrier status
into her personal understanding of the implications that it has for her own future. Carrier testing in
adolescence may then not represent a harm to the child, but it neither may it represent an eVective good.

9. Conclusions

9.1 To conduct carrier testing on some cut-oV point of “sexual maturity” is to impose an adult concern on the
girls. To be ready to assimilate information in a usable way, it is important that the person being tested has
understood the significance of a test and sees its relevance to their lives. An adult with parental responsibility
can perfectly legally agree to a carrier test for a person under the age of 16. However, the whole purpose of
carrier testing is to provide usable information, and this is most satisfied if the impetus for a test comes from
the young person him or herself. Carrier testing during adolescence does not necessarily reflect a time when it
is best for the person to digest the information. This requires “readiness to receive” information, that is, the
ability to understand the relevance of it to one’s current life stage. The Gillick ruling alerts us to the fact that
there are many diVerent aspects to developing maturity, even within the area of developing sexual maturity;
being mature enough to start to deal with sexual relations is not equivalent to suYcient maturity to cope with
reproductive decisions and information. There is a danger that in some instances, a tacit “status” approach to
capacity to consent is being used, with puberty or perceived onset of sexual maturity, however defined, being
used as the status marker.

9.2 We are not making a general claim that no child under 16 can maturely make this decision. Legal rulings
as well as practical experience make it clear that there is a need to make individual judgements. However, our
data do indicate that many of this age will not have the suYcient maturity to comprehend fully the purpose
of carrier testing, and, that in some instances, the judgement of the clinic that they do, is flawed. The ability
to draw upon test results when relevant in the future may then suVer.

9.3 Practitioners faced with requests for carrier testing on adolescents should consider whether the impetus
for the test comes from the adolescent or from a parent. Where the impetus comes from parents, such testing
may be perfectly compliant with the law, but may not necessarily represent good practice. Consent from the
child herself, and more importantly the sophisticated understanding needed for true consent, is clinically
important to fulfil the purpose of the test in supplying useable knowledge. Legal rulings on the precise nature
of the maturity needed for true consent to such a procedure make clear what our data reinforces, that many
diVerent aspects of maturity need to have developed for a full appreciation of the ramifications of genetic
carrier testing. Lack of such an appreciation in turn seems to be a factor in problems with long-term recall and
the ability to draw upon the knowledge at an apposite time.
96 Mental Capacity Act 2005.
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9.4 Our concern in this area was reinforced by the meeting held in July 2007 at BMA House. Its purpose was
to examine whether the Guidelines on the Genetic Testing of Children needed to be revisited or whether they
remained adequate for the purpose. The only contentious area was that of testing for carrier status. It was clear
from the discussion that health professionals come under pressure from parents to undertake tests and that
the onset of puberty, particularly in females, was a milestone at which testing was thought to be appropriate.
It appeared from the discussion that health professionals shared parental concerns about teenage pregnancies,
and, of more concern, that they regarded the terms “child” and “children” as referring to minors who were
much younger than adolescents. Assuming that those present at the meeting were a representative sample of
health professionals who are engaged in negotiations with parents about the provision of tests for carrier
status, there is cause for concern that clinicians are the appropriate people to regulate testing in this area.

9.5 We oVer this evidence to the committee in response to the question “In what way is science and clinical
policy decision-making informed by social, ethical and legal considerations?”. Our evidence addresses all three
of these issues. We would be pleased to provide the Committee with further details of the research on which
this paper is based, or of our evaluation of the use of the Gillick-competence test in this area. These are more
fully discussed in a paper which is under review by the Journal of Genetic Counselling.97

7 April 2008
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Memorandum by Harvard Medical School

Abstract

The incorporation of genetic knowledge and genomic technologies into clinical medicine (“personalized
medicine”) has the potential to change clinical outcomes and radically improve medical practice. The
revolutionary eVect these technologies will have on the health care system is already being felt: genetic tests
are being used to guide treatment in clinical domains as diverse as heart disease, cancer, infectious disease, and
many other common illnesses. But we are still early in this revolution. As the movement toward increased use
of genetics and genomics in medicine accelerates, substantial new pressures will be placed on our health care
delivery system. Some of these pressures are addressable through sophisticated enterprise and inter-enterprise
IT solutions. The Partners HealthCare Information Systems Department, the Harvard Medical School-
Partners HealthCare Center for Genetics and Genomics (HPCGG), and Hewlett Packard Corporation have
been collaborating for over four and a half years to develop and implement strategies to meet the needs of
personalized medicine. The collaboration focuses on enhancing enterprise information technology
infrastructure that supports both research and clinical environments. This document describes the
infrastructure we have deployed as well as additional enhancements we believe are necessary to prepare us for
wider adoption of genetic and genomic techniques in medicine. We will also suggest ways that governments
may be able to assist in the development of this type of critically needed infrastructure.

The Nature of Genetic Based Diagnostic Tests

Molecular diagnostics, also known as genetic or genomic based diagnostics, provide the bridge that enables
physicians to bring genetic knowledge to routine patient care. Physicians use the information these tests
generate for assessing disease risk, for diagnosis, for prognosis and for making specific treatment decisions.
At our Center we oVer molecular diagnostics to:

— Diagnose single gene disorders. For example, determine whether patients have genetic variants that
cause certain types of cardiac disease, some of which are severe enough to result in sudden death if
left untreated, and to assess the risk of their relatives for these disorders.

— Identify whether a patient’s hearing loss is caused by genetic variants that are also correlated with
other serious medical conditions.

— Determine whether non-small cell lung cancers have genetic variants that correlate with either
Tyrosine Kinase Inhibitor (TKI) eYcacy or resistance.

— Identify whether a patient has genetic variations that will cause him or her to metabolize Warfarin
abnormally, either quickly (risking stroke) or slowly (risking brain hemorrhage).



Processed: 29-06-2009 21:14:40 Page Layout: LOENEW [O] PPSysB Job: 411271 Unit: PAG1

539genomic medicine: evidence

The field of clinical molecular diagnostic testing is evolving quickly. A few years ago, nearly all genetic tests
were gene-based tests that involved examining a small number of specific base pairs in a patient’s DNA to
determine whether particular mutations or variants were present. Today, we commonly run sequencing tests
that read long segments of patient DNA in one gene or many genes and determine all the variations present
in those sequences. Chip-based technologies have recently broken through into the clinical arena and have
made it possible to survey increasingly large segments of DNA in a cost-eVective manner. Several national
governments are funding research and many commercial entities are investing significant capital to reduce the
cost of sequencing a person’s entire genome to approximately $1,000. While we are a few years away from
reaching this goal, new technologies will continue to drive down the cost of sequencing to costs that may be
even less than $1,000/genome.

The continuous reduction in DNA sequencing costs will significantly aVect how genetics is leveraged in the
clinic. At present the cost of DNA sequencing is a major barrier to increased adoption of molecular diagnostic
testing. As this barrier is reduced, we believe the amount of patient DNA being sequenced will increase. We
expect the number of variants identified in the patient population to grow continuously until it becomes
feasible to cost eVectively sequence all of the nearly three billion base pairs of a patient’s genome. Current
estimates place the number of variants that such a test would yield at four to five million per person. (Levy et
al. 2007) The data generated by such a whole genome sequencing test would be good for a person’s lifetime.
Sequencing would only need to be redone in the case of cancer or other disorders where somatic changes are
important and for infectious agents.

We are rapidly approaching the day where we will be able to determine the precise DNA variations present
in each patient. However, the process of determining the implications of each of these variants, let alone the
implications of each combination of variants, will take longer. Our knowledge of the impact of genetic
variation is constantly expanding and this knowledge expansion is likely to continue for many years to come.
Ideally, clinicians would take into account the most up to date discoveries on every variant discovered in each
patient as they prescribe care, but doing so is clearly beyond the capacity of the human mind. To reach this
goal, clinicians will require far more extensive IT infrastructure than what exists today. Infrastructure of this
magnitude takes time to build. For the past five years the Harvard Partners Center for Genetics and Genomics,
the Partners HealthCare Information Systems department, and Hewlett Packard have been developing such
an infrastructure. The applications we have built together are supporting the use of genetics in the clinical
environment; however, much work remains to be done to provide the depth of support clinicians will
ultimately need.

The Partners HealthCare Genetics IT Infrastructure

To be truly eVective, IT infrastructure that helps manage genetic information must integrate laboratories,
geneticists, the Electronic Health Record (EHR) and automated clinical decision support engines.
Infrastructure of this scope must be built incrementally. In our institution, we began by constructing a platform
to support the laboratories that generate genetic and genomic data. Next we built infrastructure that supports
professional genetic experts and other healthcare professionals including genetic councilors. Then we
integrated this infrastructure with the Partners HealthCare EHR. Finally we began the work of creating
genetics based clinical decision support (CDS) functionality. We are now deepening our support for genetics
in the EHR to enable broader genetics based clinical decision support. (Figure 1) As we do this, we are
encountering challenges that cannot be solved by an individual organization acting independently. Therefore,
we are working to establish networked infrastructure that will be needed to fully support personalized
medicine.
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Figure 1

THE PROCESS OF STANDING UP IT SUPPORT FOR THE USE OF GENETICS IN MEDICINE

Support Clinical
Decision Making

Support Clinician Access
to Genetic Information

Support Geneticist Workflow

Support Clinical Laboratory Effectiveness

Support Research Laboratory Effectiveness

Supporting the Laboratory: The Gateway for Genomics-Proteomics Applications and Data

(GIGPAD)

Almost all genetic and genomic data are generated in laboratories by complex machinery. Laboratory
Information Management Systems (LIMS) are critical to an overall genomics IT infrastructure because they
can capture genetic and genomic data in structured form when it is initially generated. Downstream
bioinformatics, report generation, and clinical decision support systems depend on this structured genetic and
genomic data. LIMS are also important for ensuring data integrity across the inter-organizational process
flows associated with genetic testing. For these reasons, integrated LIMS support is an essential part of a
genomic IT enterprise architecture. In addition, LIMS can help reduce costs and increase quality through
process automation, reducing errors, facilitating communication and reducing the need for manual entry of
information.

A large number of genetic and genomic technologies are used in research; while the number used clinically is
smaller, it is growing. Maintaining multiple LIMS within an enterprise is both challenging and expensive. We
have found that creating an Enterprise LIMS Superstructure can help address these problems. In our
environment we created a system called the Gateway for Integrated-Genomic Proteomic Applications and
Data (GIGPAD) to serve this function. GIGPAD serves as an umbrella over the individual LIMS in the
environment and integrates them together. The system exposes unified user and system interfaces to the rest
of the enterprise.

GIGPAD has been live in our environment since April of 2004. As of April 18, 2008 there were 885 registered
users of the system and 947,666 data files under management. GIGPAD currently provides support for the
initial phase of the Molecular Diagnostic testing process. This includes all steps up until the point that we
determine what genetic variations are present in the stretches of DNA that are sequenced. At this point
GIGPAD forwards this information for interpretation (Figure 2). GIGPAD is designed to handle DNA based,
RNA based or protein based testing eVorts.

Supporting the Geneticists: GeneInsight and the Genomic Variant Interpretation Engine (GVIE)

Most clinicians have neither the training nor the time to assess the clinical significance of variants that have
been identified in their patients. For this reason, molecular diagnostic laboratories typically employ geneticists
who interpret physical test results and produce a text report describing the significance of any genetic variants
identified. The process of generating this report can be time-consuming and expensive, so streamlining and
automating portions of the process through IT can be valuable. IT can also help standardize result reporting
by reducing variability between the ways diVerent geneticists might interpret the same result. When test results
are sent to the EMR, it is useful to capture interpretations in structured form in addition to the genetic variants
themselves. Capturing structured interpretations requires IT support during report generation.

We have constructed two tools to support the report generation process in our environment: GeneInsight and
the Genomic Variant Interpretation Engine (GVIE). Because our understanding of the clinical implications
of particular variants can change over time, it is important to have a database that tracks current knowledge
relative to individual variants. We use GeneInsight to perform this function. Keeping this type of database
current is extremely challenging. There are numerous heterogeneous research databases that contain
information about genetic variants but very few clinically validated data sources. Geneticists and genetic
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councilors must review these research sources to formulate clinical interpretations. GeneInsight has data
structures that associate information with diseases, genes, tests, and genetic variations. When a new test is
brought on line, developers load data from existing data sources. GeneInsight is then integrated into the
geneticists’ reporting processes so that it is maintained as a by-product of the process of signing out reports.
This is made possible through integration with GVIE. GVIE is a reporting tool that is interfaced to GIGPAD.
As variants are identified in patients, they are passed to GVIE which then looks up the information stored in
GeneInsight on those particular variants. GVIE then produces a draft interpretive report which a geneticist
and/or genetic councilor reviews. During this review process, they are shown statistics related to the variant’s
frequency and given the ability to review previous cases where the variant was identified. Geneticists and
genetic councilors have the option of modifying these reports. We track which reports are modified. This
provides us with a metric for assessing the maturity of each part of GeneInsight.

Figure 2

APPLICATIONS USED TO SUPPORT MOLECULAR DIAGNOSTICS WITHIN PARTNERS
HEALTHCARE

As a result of this process, geneticists can maintain the data in GeneInsight for the diseases they report on
without a significant incremental time investment when they encounter a new variant. As a benefit, the time
required to report on previously identified variants is significantly reduced. Overall, the combined GVIE/
GeneInsight system saves geneticists time, which promotes systems utilization. The amount of data contained
in GeneInsight has grown over time and we are now evaluating additional uses for this information in the
clinical environment. However, as we will describe later, we need to find ways to dramatically increase the
depth and breadth of the data in GeneInsight if it is to solve our core genetics related knowledge
management needs.

Supporting Front Line Clinicians: Electronic Health Record (EHR) and Clinical Decision Support

(CDS) System Integration

Molecular diagnostic reports are ideally delivered to the clinician through an EHR. Doing so ensures that
genetic test results are stored in an organized manner and are consistently accessible to authorized clinicians.
It also opens up the possibility of leveraging automated CDS systems to proactively assist clinicians in the use
of this information. We created a specially secured area in our EHR where we maintain patient genetic profiles.
GVIE is interfaced to this part of our EHR in a manner that allows us to transfer reports in both human
readable and highly structured electronic formats. The structured report format is designed to be read by CDS
algorithms.

As the number of variants stored in patient genetic profiles increases, it will become increasingly diYcult for
clinicians to review these profiles during the care delivery process. Properly applying the information in these
profiles will be even more challenging. Clinicians will need to rely on CDS functionality to surface relevant
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genetic information at the appropriate times. This functionality is required for genetics aware personalized
medicine to reach its potential, but it will be very diYcult to build. We have taken an initial step within Partners
by establishing our first genetics aware clinical decision support rule. This rule alerts physicians if they order
Iressa or Tarceva for a patient who has a genetic mutation associated with resistance to these drugs. We are
now constructing an infrastructure that will make it easier to setup additional rules in the future. In doing so,
we have learned that establishing a truly robust genetics aware CDS capability will require us to develop a large
number of interfaces with other institutions.

Linking it all Together: Establishing the Data and Knowledge Flows Needed to Drive Genetics

Aware CDS

In our environment we have established a flow that links together GIGPAD, GVIE, GeneInsight and our
EHR. When a Partners HealthCare patient is tested in our Laboratory for Molecular Medicine (LMM), the
results flow into our EHR in structured form. Up to date knowledge about the implications of any variations
found by the LMM is maintained in GeneInsight. When we test our own patients, we have both the knowledge
and data resources required to construct genetics based CDS.

Genetic tests are performed by many diVerent laboratories throughout the world. Many of the genetic tests
performed on our patients are performed by external laboratories. Similarly, our Diagnostics laboratory often
tests patients for other providers. In both of these cases, interfaces do not exist to transfer the variants
identified in electronic form. Therefore, the structured genetic data is not ultimately represented in an EHR.
Without these data, CDS is impossible. In addition to this data transfer problem, there is also a knowledge
maintenance issue. CDS systems should ideally be linked to databases like GeneInsight so that the rules they
run can take into account the most up to date genetic knowledge. The information in GeneInsight is
continuously updated as our knowledge of the significance of individual variants improves. The problem lies
in the fact that because GeneInsight is curated by our geneticists, it only contains information on the genes
covered by our LMM tests. No single institution could ever hope to employ enough geneticists to maintain
up to date information on all of the variations that could be identified in its patient population.

We believe that inter-institutional networks must be established to overcome these issues. This involves both
standards development and infrastructure construction. Our institution is investing heavily in both areas. A
member of the HPCGG IT team serves as one of the co-chairs of the HL7 Clinical Genomics Special Interest
Group. We have developed and contributed internal message formats to HL7 and worked with them to
develop a standard model to transfer genetic test results. We have also worked extensively with the leadership
of LOINC to establish appropriate coding schemes for genetic tests. We also interact with government
institutions focused on supporting the development of standards for personalized medicine data.

In addition to developing standards, we are also investing in two infrastructure projects designed to facilitate
the exchange of genetic data and knowledge. First, we are exploring the possibility of making a service, based
on GeneInsight, available to external institutions. This would allow external laboratories, and ultimately
external providers, to take advantage of the functionality GeneInsight oVers. It could also simplify the process
of sharing (non-patient specific) knowledge across institutions. This will be a non-trivial process. Each
institution’s knowledgebase will need to be appropriately secured so that knowledge transfers occur only with
their authorization. However, we believe it is possible to setup an environment where each institution could
be incented to release their knowledge for clinical use.

We are also working on another infrastructure called VariantWire. VariantWire will serve as a hub that will
enable the secure transfer of genetic test results. Any institution that connects to VariantWire will be able to
send genetic test results to any other connected institution. We are building validation functionality into the
hub that will enable us to enforce standards by rejecting any non-conforming messages. VariantWire is
intended to address the “many-to-many” problem. In theory, each provider must establish an interface to each
genetic testing laboratory if they want to develop and maintain comprehensive patient genetic profiles in their
EHR. The cost of these interfaces makes this impractical. VariantWire will address this problem by allowing
providers and laboratories to connect to multiple institutions through a single interface.

Steps Governments can take to Accelerate Development and Adoption of Clinical Genomics IT

Government legislation and/or regulation could speed the development of IT support for personalized
medicine in several key ways. Government assistance would be particularly helpful in strengthening patient
privacy protections. Health care providers must always be empowered to act in the best interests of their
patients and be given legal standing to do so. In the case of genetic and genomic testing, health care providers
should not be required to disclose either these results or the fact that a patient was tested—even if the patient
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signs a release—unless there are clear, government established exceptions that are a response to a significant
public interest.

Governments can also play a role in establishing an economic environment that promotes the growth of
personalized medicine. It is particularly important to think about this in the context of appropriate regulatory
infrastructure that promotes use of genetic/genomic information in determining drug safety and eYcacy. The
expenses associated with genetic tests are moving from the physical testing process to the interpretation
process. The healthcare system must acknowledge this shift and provide mechanisms for independently
compensating the process of generating interpretations. Developing the IT support for the practice of
personalized medicine in general will become easier if these compensations mechanisms are put into place.
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Memorandum by the Hastings Centre

Pending Approval of the Genetic Information Nondiscrimination Act (GINA) is Promising, but Addresses
Only Part of a Larger Problem, says Hastings Center President.

Americans remain vulnerable to discrimination based on many other disease risks

GARRISON, NY—Thomas Murray, president of The Hastings Center, welcomes the imminently pending
Senate vote on the Genetic Information Nondiscrimination Act (GINA), which would help protect Americans
from discrimination based on their genetic profiles. The bill passed by a wide margin in the House of
Representatives in April 2007.

“The 1993 report on Genetic Information and Health Insurance by a task force of the National
Human Genome Research Institute demonstrated the unfairness of denying people health insurance
for conditions that they are most at risk of developing,” said Murray. “With the passage of GINA,
one source of that unfairness—genetic susceptibility to diseases—is being addressed.”

However, Murray added, Americans would remain vulnerable to discrimination based on many other disease
risks, such as a history of cancer, along with all symptomatic diseases. “This discrimination needs to be dealt
with by comprehensive health care reform,” he said.

The mapping of the human genome has led to the discovery of a rapidly growing list of genes associated with
a wide variety of diseases, including type 2 diabetes, Alzheimer’s disease, and many forms of cancer. Genetic
testing holds the promise of improved treatment or prevention of many diseases. But there is concern about
guarding the privacy of people’s genetic information and avoiding genetic discrimination from insurers and
employers.

Even as the Senate prepares to vote on GINA, a new breed of companies is oVering commercial genetic tests
directly to the public, among the most recent being Navigenics, a firm that recently opened a temporary store
in Manhattan’s chic Soho neighborhood. From a DNA sample, these companies promise information on
disease risk, ancestry, or both.

Murray advised caution in the rush to embrace commercial genetic testing. “Perhaps the greatest risk from
what people are calling “recreational genomics” is not from discrimination,” he said, “but rather from an
overzealous belief in the power of genetic prophecy.”

17 April 2008

Memorandum by the Health & Safety Executive (HSE)

Background

1. The Health and Safety Commission is responsible for health and safety regulation in Great Britain. The
Health and Safety Executive (HSE) and local government are the enforcing authorities who work in support
of the Commission. HSE’s mission is to protect people’s health and safety by ensuring risks in the changing
workplace are properly controlled.
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2. HSE regulates health and safety in nuclear installations and mines, factories, farms, hospitals, laboratories
and schools, oVshore gas and oil installations, the safety of the gas grid and the movement of dangerous goods
and substances, and many other aspects of the protection both of workers and the public.

Response to Call for Evidence

3. In responding to the call for evidence, HSE’s comments are restricted to risks to people at work and those
who may be aVected by those work activities rather than any public health role. HSE’s interest in this area is
largely related to the application of genetic modification techniques using the information from genomic
medicine, particularly in the areas of therapeutics (eg gene therapy) and research.

Policy Framework

4. The application of genomic medicine to the clinical environment is preceded by pre-clinical research and
clinical trials. In respect of gene therapy activities, much of this involves, viral delivery systems or cell based
approaches, which are subject to the Genetically Modified Organisms (Contained Use) 2000 Regulations (as
amended) (GMO(CU) and Genetically Modified Organisms (Deliberate Release) 2000 Regulations (as
amended). These sets of regulations are derived from European Directives.

5. In the UK, there are a number of advisory committees who oversee policy and provision of scientific advice
in the area of gene therapy, including the Gene Therapy Advisory Committee (ie national ethics committee);
the Scientific Advisory Committee for Genetic Modification (ie scientific advice on risks to human health and
the environment) and the Advisory Committee for Releases into the Environment (ie scientific advice on risks
to the environment). HSE provides support and input to these committees in diVerent facets.

6. A number of focus groups (eg Biosciences Futures Forum) look at the impact and suitability of regulatory
frameworks to accommodate new and emerging technologies. However, the adoption of existing regulations
or provision of new regulatory framework appears to be done on a case by case basis and influenced by public
opinion and pressure (eg synthetic biology is subject to GMO(CU) whilst stem cell technology has been subject
to new legislation ie Human Tissue Act).

7. HSE involvement as a regulator in this area includes inspection of work places including clinical trials (to
assess compliance with containment and control measures requirements for worker protection and the wider
community). HSE also undertakes technical assessment of notifications in respect of genetic modification
activities (including provision of consent for high hazard activities), which may include the development of
diagnostic kits, novel pharmaceuticals or gene therapy activities.

8. Containment and notification requirements are risk-based. That being said, the regulatory framework is
more conducive to laboratory based activities than clinical applications. However, considerable eVort has
gone into developing eVective guidance to support the clinical application of genetic modification activities
such as gene therapy. This guidance is captured in the Scientific Advisory Committees Compendium of
Guidance, which can be downloaded from the HSE website:

http://www.hse.gov.uk/biosafety/gmo/acgm/acgmcomp/index.htm

9. The regulatory approach to gene therapy in the UK, has facilitated an expansion in gene therapy clinical
trials such that the UK leads the way in terms of numbers of trials undertaken across Europe and is second
only to the USA worldwide.

Research and Scientific Development

10. The GMO(CU) regulations gives an insight into the way in which research has progressed in this area from
small scale, one centre trials to large scale multi-centre gene therapy trials. Similarly the technology has
advanced from replication defective viruses; to conditionally replicating viruses; to fully replicating receptor
targeted viruses. As the genetic modification techniques advance and the information from genomic medicine
informs this development, extremely sophisticated and precise gene therapy vectors can be developed. It might
be envisaged that the risks and adverse eVects associated with this advanced technology, will therefore
decrease. Advice on the safety of diVerent gene therapy vectors and constructs is sought from the Scientific
Advisory Committee for Genetic Modification.
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Data Use and Interpretation

11. No comment—out with the scope of HSE.

Translation

12. In terms of gene therapy applications, the UK regulatory framework is conducive to the transfer of this
technology from the laboratory into the clinical setting. Indeed the UK accounts for 40.4 per cent of gene
therapy trials undertaken in Europe. From a worldwide perspective the UK is second only to the USA in terms
of numbers of gene therapy trials ie USA 65 per cent, UK 11.4 per cent and rest of Europe 17 per cent98. The
regulatory approach is supported by comprehensive guidance on the regulatory requirements for this area of
work (SACGM Compendium of guidance).

Biomarkers and Epidemiology

13. No comment—out with the scope of HSE.

Use of Genomic Information in a Healthcare Setting

14. No comment—out with the scope of HSE.

April 2008

Memorandum by the Human Fertilisation and Embryology Authority (HFEA)

The regulatory remit and work of the Human Fertilisation and Embryology Authority, touches on a few issues
which are relevant to genomic medicine.

1. Embryo Screening

1.1 Preimplantation genetic diagnosis (PGD) is a technique which involves the genetic testing of embryos
created in vitro for deleterious, heritable genetic conditions known to be present in the family of those seeking
treatment from which the embryos will be at high risk. The technique typically involves several stages: the
creation of an embryo in vitro, the removal of one or more blastomeres, the genetic testing of those blastomeres
for certain genetic conditions, and the transfer of suitable embryos to a woman. The purpose of PGD is to
provide information that allows unaVected embryos to be selected for transfer. Another method of embryo
screening, named preimplantation genetic screening (PGS), involves genetic testing of blastomeres to
determine whether an abnormal number of chromosomes are present. This might be oVered for certain
patients groups that are thought to be at a higher than average risk of conceiving abnormal embryos.

1.2 The following sections of the Human Fertilisation and Embryology Act 1990 (HF&E Act) provides the
remit under which the Authority has the power to licence preimplantation testing.

The HF&E Act provides that:

“(1) No person shall—

(a) bring about the creation of an embryo, or

(b) keep or use an embryo,

except in pursuance of a licence.

Schedule 2, Paragraph 1

(1) A licence under this paragraph may authorise any of the following in the course of providing
treatment services –

[…]

(d) practices designed to secure that embryos are in a suitable condition to be placed in a woman or to
determine whether embryos are suitable for that purpose,

98 Source: Journal of Gene Medicine, http://www.wiley.co.uk/genetherapy/clinical/, Jan 2007
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(e) placing any embryo in a woman,

[…]

(2) Subject to the provisions of this Act, a licence under this paragraph may be granted subject to such
conditions as may be specified in the licence and may authorise the performance of any of the activities
referred to in sub-paragraph (1) above in such manner as may be so specified.”

1.3 The draft Human Fertilisation and Embryology Bill, which is currently passing through Parliament,
further clarifies the HFEA’s regulatory remit regarding embryo testing and is explicit about the circumstances
when this treatment can be used.

1.4 At present centres may only carry out preimplantation tests for those genetic conditions, chromosomes
or traits (or combinations of these), and using those specific tests (or combinations of tests), listed on their
treatment licence or approved by a licence committee in a particular case.

1.5 Centres must submit an application to the HFEA for each condition, and for each new test they wish to
use. Applications for conditions which have not been licensed at any centre before are considered by a Licence
Committee, other applications are dealt with by the Executive.

1.6 Centres wishing to test a single embryo for more than one genetic condition or trait must apply to the
HFEA for each specific combinations of tests they propose to use, irrespective of whether the centres is already
licensed to use each of these tests individually.

1.7 Further licence conditions regarding PGD, and guidance for clinics, can be found in the 7th Edition of
the HFEA’s Code of Practice at www.hfea.gov.uk.

2. Microarrays

2.1 The HFEA has a horizon scanning function with the purpose of ensuring that, as much as possible, the
HFEA has had time to consider the legal, ethical and scientific implications of any technique that scientists
or clinicians may wish to use in HFEA licensed research or treatment, prior to an application being received
by an HFEA licence committee.

2.2 The HFEA is aware of the potential use of microarrays in the context of embryo screening. Microarrays
consist of a silicon or glass surface onto which thousands of specific DNA sequences are attached in a grid-like
formation, usually in duplicate. The DNA that is attached to the microarray can represent individual genes or
small sections of DNA that represent variations in a given gene. Sample DNA can then be “matched” against
the DNA on the chip to analyse the relative amount or specific gene variant that is present in the sample. This
is possible because the location of the target DNA in the genome is known. Both the patient and target DNA
can be fluorescently labelled with a diVerent colour, and the patient DNA is attracted to the relevant target
DNA through hybridisation.

2.3 Microarrays can also be used to detect relative amounts of DNA (where there is an increase or a decrease
over a control amount) across all chromosomes. The HFEA’s Scientific and Clinical Advances Group is aware
of and has discussed three potential uses of microarrays:

— To detect aneuploidy (comparative genome hybridisation (CGH)).

— To identify embryos with the best chance of implantation (test for expression of “viability” genes
expressed in early development).

— To identify specific mutations in an embryo (it may be possible to develop a microarray that contains
all known mutations of conditions that are tested for using PGD).

2.4 Currently the HFEA has granted licences for the use of CGH in research projects, but although it may be
on the horizon, this technique is not currently used in the treatment process at any HFEA licensed clinic.

3. Future Regulation

3.1 In the light of the Human Fertilisation and Embryology Bill, which is currently passing through
Parliament, and Better Regulation principles the HFEA is currently in the process of reviewing its procedures
for licensing. Therefore, it is possible that the policies for licensing new techniques and technologies for
embryos screening, such as microarrays/CGH for PGD/PGS may change in the near future.

15 April 2008
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Memorandum by the Information Commissioner

1. The Information Commissioner has responsibility for promoting and enforcing the Data Protection Act
1998 and the Freedom of Information Act 2000. He is independent from government and promotes access
to oYcial information and the protection of personal information. The Commissioner does this by providing
guidance to individuals and organisations, solving problems where he can, and taking appropriate action
where the law is broken. The comments in this evidence are from the data protection perspective. They focus
on the questions raised about the implications of the generation and storage of genome data on personal data
security and privacy, and on its potential use or abuse in employment and insurance.

2. The Commissioner recognises that recent developments in genomic medicine are leading to major advances
in the understanding and detection of genetic related diseases and medical conditions. These advances have
the potential to lead to significant improvements in medical treatment and health care. However there is a risk
that these potential benefits will not be fully realised if people have concerns about the potential misuse of their
personal information. Organisations must ensure that robust safeguards are in place so that individuals enjoy
a proper level of privacy and data protection and their personal genetic information is handled in a way that
inspires trust. This is essential if people are not to be put oV participating in genetic research or taking genetic
tests that may be beneficial for their health by the fear that their personal information may be misused.

Implications of the Generation and Storage of Genome Data on Personal Data Security and Privacy

3. Advances in genetic technology mean that huge amounts of detailed genetic data are now being obtained
and processed. As more information is held there is growing concern about the eVects on individual privacy
and whether suYcient safeguards are in place to protect personal information. The greater the numbers of
databases that contain genetic information, the greater the likelihood of people being able to link and match
information, which could in time lead to the identification of individuals or members of their families. Indeed,
some question whether it will be possible in future to ever maintain anonymity of genetic information. While
these risks may be largely theoretical at present, technological advances are likely to increase the likelihood of
this happening in future. Other concerns include whether an individual can give informed consent for the use
of their genetic personal information when there is so much uncertainty about how their information may be
used in future, especially if the information is widely shared and retained indefinitely. While the sharing of
genetic information is likely to produce benefits for society in terms of understanding and treatment of genetic
diseases, this has to be weighed against risks to the individual in terms of breaches of privacy and misuse of
their information.

4. The Commissioner does not underestimate the significant challenges ahead to ensure that the application
of the Data Protection Act, particularly as regards information security and rights to privacy, keeps pace with
the technological advances in genomic medicine. The Commissioner believes that conducting privacy impact
assessments oVers organisations and individuals significant benefits by ensuring that privacy concerns and
safeguards are addressed and built in from the outset of any project. He is also concerned that the best use is
made of privacy enhancing technologies wherever possible to protect personal data.

Potential for Use or Abuse in employment and Insurance Decisions

5. We understand that genetic testing has the potential to provide employers and insurers with information
that is predictive of the likely future general health of individuals or with information about their genetic
susceptibility to certain diseases. Genetic testing is still developing and in many cases has an uncertain
predictive value. Although there are many diseases with a recognised genetic component resulting from a
defect from a single gene (monogenic diseases), for example Huntington’s chorea and cystic fibrosis, the
incidence of these diseases is very low. In contrast the incidence of diseases resulting from interactions between
several genes (polygenic diseases) appears to be much higher and tests for these are far more likely to be of
interest to employers and insurers. Apparently, in most of these cases, the genetic basis is incompletely
understood and is complicated by influences of environment, diet and lifestyle. Indications that an individual
may have a genetic susceptibility to conditions such as type 2 diabetes, heart disease or obesity may be
acceptable for making decisions about medical treatment but there may be unfairness in basing insurance or
employment decisions on an inexact genetic test especially when a multiple number of factors are at play.

6. We gather that, even for monogenic diseases, the predictive value of genetic testing may be limited. There
is always the possibility that the disease in question might not manifest itself during the working life of an
individual and it is not always possible to predict the severity of the future disease. The situation is even more
complex where diseases with a polygenic basis are concerned. We understand that at the present time it is
virtually impossible accurately to predict, using genetic tests, either whether the disease will develop at all or,
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if it does, its timing and severity. Even if the genetic basis of such disease becomes fully understood,
environmental and lifestyle factors, which may themselves be unpredictable, will limit the predictability of
disease development.

7. The Commissioner has provided specific advice to employers on the use of information from genetic tests
in his Employment Practices Code and Supplementary Guidance. These advise that very few genetic tests are
available at present that give information that could validly be used in the context of decisions concerning
employment. However, the number of genetic tests is increasing rapidly and as genetic technologies improve,
it is likely that this situation may change in future although it is diYcult to assess the pace of change. At the
present time, the validity of a genetic test would require demonstration of: its relevance to health protection
of workers; the reliability and reproducibility of the test; and the level of predictive value for the test. It is
particularly important that procedures for genetic testing are as reliable as possible, as provision of incorrect
information could have far reaching consequences for individuals.

8. The Data Protection Act 1998 requires that all processing of personal information should be fair and lawful
and the information should be accurate, of good quality and up to date. Our general approach to decision-
making is that it is likely to be inherently fairer if decisions are drawn from accurate information about the
individuals concerned. However if advances in genetic testing make it possible to predict accurately someone’s
lifespan or length of working life, it raises the question of whether those with poor prospects should pay
commensurately higher insurance premiums and be less attractive to employers. We believe that it will be for
society as a whole to address the broad questions of whether society should be sharing the cost of insurance
and whether there is a need to restrict the use of predictive genetic testing for employment purposes.

The Extent to which Genetic Information has Implications for Relatives

9. The Commissioner recognises that very complex privacy issues are involved when genetic information
about one person could reveal information about other blood relatives. For example, sometimes the results
of genetic tests may suggest that relatives should be receiving medical care and ought to be alerted to the fact.
This raises diYcult questions about individual confidentiality for which there are no simple answers. We
consider that this is an area where there is a need for some form of code of practice or guidance to be developed
by health professionals.

10. In conclusion, the Commissioner considers that it is vital that the public has trust and confidence in the
organisations that hold very sensitive personal information about them. Clearly developments in genomic
medicine are enabling us to build up more detailed information about individuals and this has to be protected
properly. This strengthens our arguments for increased audit and inspection powers for the Commissioner,
along with more eVective penalties for serious disregard for the requirements of the data protection principles.

21 April 2008

Memorandum by the Joint Committee on Medical Genetics (JCMG)

Background

The JCMG was established in 1999 with principal representation from the Royal College of Pathologists
(RCPath), Royal College of Physicians (RCP) and the British Society for Human Genetics (BSHG) to provide
a unified forum “to promote and maintain the highest standards of practice and education in both clinical and
laboratory applications of genetics in health”. The Chairmanship and administration rotates on a three yearly
basis; initially it resided with the RCP, then rotated to the BSHG and since 2006 has been chaired by RCPath.
The Committee advises Government and other bodies on policy and services issues relating to genetics in
medicine; reports and receives information from the parent bodies including representative from the Royal
College of Paediatrics and Child Health, the Scottish RCP, Faculty of Public Health, Royal College of General
Practitioners, Royal College of Obstetrics and Gynaecology, and observers from the Department of Health,
National Screening Committee, the Foundation for Genomics and Population Health, MetBioNet and the
Genetics Interest Group. In 2006, the JCMG welcomed an observer from the National Genetics Education
and Development Centre. The JCMG seeks to co-ordinate advice on workforce planning and initiates working
groups on specific topics of particular importance. Members of the JCMG were asked to submit responses
based on the six headings provided by the House of Lords Science and Technology Committee. A summary
of these responses is detailed below.
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Key Points

— The UK is a world leader in basic human genome research and in the development and research
application of many of the technological spin-oVs associated with the Human Genome Mapping
Project (HGMP).

— NHS Genetics Service delivery in the UK to date has been facilitated by the close collaboration
between clinical geneticists, genetic laboratory scientists and technologists, University Human and
Medical Genetics Departments all based around 23 Regional Genetics Centres providing centres of
excellence and critical mass populations for eYcient and eVective service delivery. This infrastructure
must be maintained although centralisation of some novel technologies, eg bioinformatics, might be
appropriate.

— The government recognised that expansion in the workforce and infrastructure investment would be
required to take advantage of the HGMP output and has invested significantly in England via the
2003 White Paper “Our Inheritance Our Future”. The recently published (April 2008) review of the
White Paper’s achievements to date confirms that the Government is “committed to bringing new
genetic advances to bear wherever they can be used to benefit patients”. Matching these aspirations
with a long term commitment to infrastructure, funding and support, remains one of the greatest
challenges facing the delivery of genomic medicine and technology via the NHS.

— The pace of technological advances arising directly and indirectly from the HGMP is making
translation from research into clinical service increasingly diYcult to plan and implement.

— There is a significant funding gap in the final stage of translational research ie those stages which
bridge the gap between assessment, evaluation and implementation. This is particularly
problematical and acute in technologies providing high resolution whole genome analyses. The
exclusion of research proposals including novel laboratory testing from the current funding calls of
the NHS National Institute of Health Research (NIHR) is significantly exacerbating this problem.

— The NHS commissioning process is not structured or resourced to react to rapid change such as those
currently being seen in all aspects of genetics service delivery ie in both constitutional (germ line) and
acquired (eg cancer) genetics. The NHS public health advice to these processes is extremely limited
in capacity (almost non-existent).

— NHS IT infrastructure, especially internet bandwidth capacity and download speed, needs
significant improvement especially for the rapid dissemination of increasingly large genomic datasets
between Regional Clinical Genetic, Genetic Laboratories and appropriate analytical
bioinformatic centres.

— Training for the interpretation and clinical utility of data from novel genomic technologies is required
both for genetics professionals as well as for pathology, medical and surgical specialities increasingly
utilising genome technologies.

— The NHS is currently reviewing training for all clinical scientists and is proposing a modular inter-
disciplinary approach to pre-registration (ie first three to four years) training. The impact of this
model needs careful scrutiny in the context of the need for greater flexibility in recruitment of
scientific staV with appropriate genomic and bioinformatic backgrounds.

— The planning, provision, implementation and funding of present and future Biochemical Genetics
and associated Screening programmes requires ongoing and strategic investment.

SPECIFIC JCMG COMMITTEE MEMBERS’ RESPONSES ARE INSERTED UNDER THE
RELEVANT HEADINGS

Policy Framework

— There are professional groups, (laboratory, pharmaceutical, public health, clinical and social) that
are well aware of the opportunities and diYculties that can arise from the development of genomic
technologies. There is however no clear mechanism to provide this information to institutions
responsible for health and other policies and particularly those who can implement these
technologies. Much of the implementation is still done on an ad hoc basis with local commissioners
who only have a limited understanding of the subject and many conflicting priorities. Furthermore
many of the benefits may be many years into the future and in areas away from the clinical specialities
making the initial financial investment. “Invest to save” is a laudable aim but rarely implemented on
a significant scale. This opens the market to private providers who most likely will have short term
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commercial financial gain as the priority rather than clinical benefit and long term health gain for
the population. There remains scant regulation on the implementation of molecular technologies.

— The existing policy framework involving the NHS Genetics Team (England), UKGTN, and
GENCAG needs strengthening and recognition that genomic technologies transcend geographical
boundaries so that consistent implementation might be achieved throughout the UK.

— The JCMG endorses the responses in this area from the Foundation for Genomics and Population
Health (PHG Foundation), and the Histopathology Specialist Advisory Committee of the Royal
College of Pathologists.

Research and Scientific Development

— Research and collaboration in the UK is strong and remains one of the world leaders, despite the
diYculties in translating this new knowledge into the clinical field. Much of current research in
clinically applicable areas is obviously driven by interested parties. To a significant degree this is
justified as the largest gains may well be in areas such as cancer genetics, cardiac genetics and
common chronic adult diseases. The identification of novel molecular markers and development of
new therapies has great potential. However to gain the greatest benefit from these we also need to
achieve the simpler things eg the engagement of the public and wider medical profession so that it is
possible to identify patients who will benefit from these interventions. It remains diYcult to succeed
in getting this recognised as a clinical priority.

— There are good funding opportunities in the UK mainly from the Wellcome Trust and the MRC for
basic research into many aspects of genomic structure and studies utilising novel genome
technologies. The NHS Research and Development funding has recently been re-organised and is
co-ordinated by the National Institute of Health Research (NIHR). The NIHR has clear research
priorities linked to specific proposals such as “research for patient benefit”. Unfortunately, the
NIHR currently excludes all proposals linked to laboratory based research which eVectively blocks
NHS applications for translational research involving many novel genomic technologies. Other
sources for NHS translational and technological funding eg the Health Technology Assessment
programme are not currently filling this funding gap.

Data Use and Interpretation

— We need investment in IT in clinical genetics as well as in the laboratories—most of our systems do
not “speak to” hospital PAS systems, other genetic centres and even our laboratory systems. This is
essential if we are to be able to pool large numbers of patients into clinical trials and new therapies.

— A nationwide system for family records is needed to cascade genetic information related to disease
risk to other family members who might benefit and to maximise eYciency of gene testing within
families.

— Data storage remains a concern but storage of clinical data in general should not be seen as a lesser
priority than genetic and molecular data. Confidentiality of both should be a high priority. Genomic
data should be protected against abuses in the employment and insurance sector but this is a diVerent
issue and would very likely benefit from legislation. Sharing of a common public database would
speed up the accrual and interpretation of genomic knowledge but anonymisation would seems to
be the only acceptable way forward at the current time.

— Mechanisms are required to independently assure the quality and validity of data submitted and that
the data is regularly updated.

Translation

— There are already substantial benefits from diagnostic, prognostic and now early therapeutic
interventions which will continue to grow. Careful evaluation of the clinical eVectiveness and cost
benefit in clinical practice will be complex as many of the gains will be many years into the future,
which again returns to the invest to save principle. This does not fit well with the current poor
understanding of genomic medicine in the wider healthcare system or current commissioning
mechanisms being delegated to PCT level.

— Strengthening specialised services—money was placed into the NHS to increase the numbers of
trained genetic counsellors and trainers for lab staV. There was major investment in lab equipment
and laboratory IT systems. This was all welcome BUT:
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— There is a need to continue to train more genetic counsellors as it remains diYcult to fill posts and
the demand is increasing year on year and will continue to increase as more disorders become
amenable to genetic testing.

— There has to be a continued commitment to update lab equipment as technology changes—soon the
White Paper capital equipment will be superseded.

— Whilst there is a thrust to see genomics impact on common disease, clinical geneticists remain
advocates for families and patients with rare diseases, of which there are several thousand. There are
many of these that cannot be tested for or where tests have to be sent overseas. The UKGTN assesses
tests that labs wish to develop but a national audit on the numbers of tests being sent out of the UK
and for which disorders would determine if there are significant “holes” in our local provision. The
UKGTN LMA has shown that that there is no clear central process for identifying and ensuring
services are set up. At present it is an ad hoc arrangement that means some of the larger/complex
services are less likely to be set up or at least not without considerable delay. This should lead to
commissioning and funding of labs to set currently exported tests up locally.

— Building genetics into mainstream medicine: The developments in cancer genetics have been very
significant and assisted by NICE guidelines for breast cancer. Similar guidelines in other common
cancers would further develop the service. With regard to breast cancer, women could soon have their
risks stratified by testing a few genetic markers rather than simply by their family history. This may
impact on screening capacity by mammography and MRI and treatments. Similarly in aVected
patients, pharmacogenetic and tumour expression array tests may help indicate which women may
respond to certain therapies.

— Cancer genetics is ahead of the field—the White Paper sought to improve the detection of single gene
forms of heart disease (hypercholesterolaemia, LDLR, ApoB, PCSK9, HCM, MYBPC3, MYH7,
TNNT2, TNNI3) and diabetes (MODY) but there is a long way to go in the genetic stratification of
the population for the non-Mendelian forms of these diseases. It is also not clear what interventions
would be recommended if we could adequately stratify the population into high, medium and low
risk on genetic information. Major developments have however occurred in the identification of
some Mendelian forms of heart disease, notably the cardiomyopathies (some with complex
inheritance patterns) and rhythm disorders and in Marfan syndrome where the findings may have
therapeutic implications for aneurysms in general. Such conditions will need to be recognised,
diagnosed and managed primarily within the mainstream discipline by clinicians with special interest
and knowledge in genetics who are supported by specialist genetic departments.

— Finding “susceptibility” genes may in the first instance lead to new insights into pathogenesis and
hence into novel therapies rather than genetic screening. An area not mentioned in the White Paper
but of huge public health importance is mental illness and hopefully increasing genetic
understanding of psychoses, dementia etc. will lead to novel therapies or interventions.

— The White Paper sought to increase antenatal and neonatal screening for some common genetic
conditions and this is on-going. However, with respect to new neonatal screening for metabolic
disease (MCADD), there is at present limited capacity to provide expert care for babies so identified.

— The development of primary care genetics was championed in the White Paper—all GPs will need
some genetic skills and putting funding into training genetic counsellors to work alongside practices
may be a better investment.

— When seeking to translate genomic information into practice we should not forget the need for
counselling families when all these test results are produced. In Poland for example they have
screened their population for 3 BRCA1 mutations and have 3930 carriers—a lot of counselling
required. If similar screening for genetic risks occurs in the UK we need a lot of trained counsellors
to cope. The implications for life insurance also need to be considered.

— In view of the complexity of genetic tests and their interpretation there is a need for clear criteria for
testing and evidence-based guidelines for their use in clinical practice.

— The transition from conventional karyotyping to array-cgh based analytical platforms in some
referral categories will have implications for the recruitment, training and retention of Clinical
Cytogeneticists. These technologies also have significant impact on the clinical genetics services with
interpretation and genetic counselling. Similar developments in high throughput genomic
sequencing technologies will have similar implications for the re-configuration of the laboratory
molecular genetics workforce.

— Training of current staV in new skills is required to match the new technologies.
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— The JCMG endorses the responses in this area from the Foundation for Genomics and Population
Health (PGH Foundation), and the Histopathology Specialist Advisory Committee of the Royal
College of Pathologists.

— Biochemical Genetics and Newborn Screening: Enzymic and metabolite assays provide direct
genetic information leading to genetic counselling and pre-natal diagnosis in many patients. Indeed,
newborn screening for conditions such as phenylketonuria and sickle cell disease depend exclusively
on these techniques while disorders such as medium chain acyl CoA dehydrogenase deficiency and
cystic fibrosis are primarily identified and often confirmed by these approaches. This means that
these diagnostic approaches are overwhelmingly the predominant means of genetic testing in the UK
at present with in excess of 3.0 m tests performed annually. The importance of this means of
providing genetic information is reflected in the inclusion of metabolic testing for inherited disorders
and newborn screening within Specialist Medical Definition set 20 but investment is severely lacking.

— It is important for the patient that these varying approaches are integrated and co-ordinated to
provide a seamless service and set of standards for the user. This is not the case at the moment, as an
example diVering turnaround times requirements apply and are addressed under diVering initiatives
eg “the six week diagnostic wait” does not apply for some forms of genetic testing.

— Training initiatives and funding for technological development are primarily aimed at molecular,
cytogenetic and clinical genetics while workforce planning and training for screening remains
unfunded within these initiatives. Some limited but valuable funds are available for biochemical
genetics.

— Direct support for the exploitation of new technologies such as Tandem Mass Spectrometry and their
implementation into practice could significantly extend the range of conditions accessible to
newborn screening. This approach is mandated in the USA and has been adopted by many countries
in Western Europe, the UK now lags significantly behind developed and developing countries in
this regard.

— High throughput whole population screening demands carefully designed IT support and an
integrated IT system linking Child Health Records Departments, Maternity Units and Screening
Laboratories. This is long overdue. The lack of investment of IT in this area aVects both the safety
and eYciency of these services.

— Many vulnerable services such as specialist diagnostic service dependent on enzyme assay are poorly
resourced and there is little resilience in the system with the real risk that new developments are
unavailable in the UK and some existing services may be under threat. There is a real opportunity
to develop these services both to serve the NHS and to pioneer healthcare technological innovation
as a means of income generation from overseas.

Biomarkers and Epidemiology

— The impact of Recent Genome Wide Association studies on risk factors in, for example colorectal
cancer, already makes it possible to combine data from 10 Single Nucloetide Polymorphisms (SNPs)
to observe a ten-fold range of lifetime risk (ie risks that are not related to the known high penetrance
genes) with potential clinical utility. Similar risk profiles will undoubtedly soon be available for other
cancers and multi-factorial disorders.

— We are already at the $100,000 genome and this will start to impact on demands and expectations
by users and on capacity and deliverables of genetics services. For example a hundred-fold reduction
in sequencing costs may change thresholds at which certain tests become cost-eVective. At the same
time, they will place increasing demands on informatics capacity and support that the NHS is not
currently well-placed to meet. It may perhaps be timely for the genetics community to develop
desirable performance specifications for next generation sequences such that they will meet the needs
of the diagnostic community which in turn could inform a dialogue with potential suppliers.

— The scale and costs of new technologies are pushing in the direction of greater integration of
pathology beyond the traditional genetics/pathology boundaries. This in turn means that the
genetics and wider pathology disciplines need to begin serious and structured dialogue to facilitate
the most eYcient and cost eVective ways of facilitating this integration (see also the Histopathology
SAC response from the Royal College of Pathologists).
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Use of Genomic Information in a Healthcare Setting

— What impact will genomic information have on the classification of disease? How will it aVect disease
aetiology and diagnostic labels? JCMG: We are already seeing significant changes in our
understanding, diagnoses and prognoses for rare single gene diseases. Genomic information will
impact just as greatly in multifactorial conditions. Genomic information will expand and increase
understanding necessitating a re-thinking on disease classification; eg common conditions will be
broken down into genomically-defined sub-groups, which show diVerential response to therapies
and/or diVerent prognosis.

— How useful will genomic information be as part of individualised medical advice? What provisions
are there for ensuring that the individual will be able to understand and manage genomic
information, uncertainty and risk? JCMG: Genomic information will become extremely useful as
part of individualised medicine, but this presupposes that all due support in terms of pre-test
counselling, within laboratory interpretation, and post-test advice is provided, and this all
necessitates adequate education and training of healthcare professionals throughout the NHS. For
the individual patient, both their inherited genome and any subsequent changes that have occurred
in neoplastic disease (ie acquired somatic mutations) will be relevant.

— Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?
JCMG: NHS patients obtain pre-test advice by registered specialist professionals, analysis and
interpretation from accredited laboratories staVed by registered clinical scientists, and have the
results conveyed by registered professionals. The NHS has a duty of care to ensure all staV have the
necessary training as genomic medicine spreads to all groups. This level of training and statutory
protection via registration should apply equally to the private sector.

— What are the implications of developments in genomic technologies for the training of medical
specialists and other health professionals? Are there any gaps that need addressing? What is the
assessment and planning for future needs in capacity? JCMG: Dissemination & training needs
associated with genomic medicine will be widespread throughout disciplines. The assessment and
planning for future requirements in capacity needs inter-disciplinary input especially between
genetics and pathology in which disciplines “genomic” implementation and assessment is already
impacting significantly and will continue to do so.

18 April 2008

Memorandum by LGC

(Specific sections responded to are identified in each paragraph)

1. Policy Framework, 2nd bullet point. Who provides scientific advice on policy development? Who monitors and
anticipates potential scientific developments and their relevance to future policy? How effective are these mechanisms?

In this rapidly evolving field a major source of scientific advice is the expert scientists, either individually or
collectively through expert committees brought together for the purpose. For example, a selected scientific
advisory panel supported the Human Genetics Commission as it deliberated with oYcials of the Department
of Health (DH) with respect to the 2003 White Paper on the future provision of genetic services in the UK.
Expert genetic scientists however can disagree on the significance of particular data even at the fundamental
level with respect to its technical validity and certainty; even before addressing the overlay of clinical relevance.
Tools for testing characteristics of scientific data are at the heart of the UK’s National Measurement System
(NMS) which is funded by DIUS. The accuracy of genetic data and technology is the focus of a number of
programmes researched by LGC as the designated National Measurement Institute for Chemistry and
Biochemistry. The NMS anticipates and aims to address the measurement issues associated with the scientific
developments within genetics and genetic technologies, working with industry and academics as appropriate.
The output of this work informs industry and Government. The eVorts would benefit from a stronger link
between the NMS and DH to give a more eVective underpinning of applied genetics in the UK.

2. Policy Framework, 3rd bullet point. Does the existing regulatory framework provide for optimal development and
translation of new technologies? Are there any regulatory gaps?

There are two distinct and somewhat parallel frameworks for the conversion of genetic knowledge into applied
genetics tests. Within the NHS the Regional Genetic Laboratories have associated into the UK Genetic
Testing Network (UKGTN). The UKGTN has procedures in place to assess and approve new clinically
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applied genetic tests. The UKGTN laboratories sell their services within an internal NHS market, particularly
reflecting the particular expertise and local clinical focus of each laboratory. The transfer of these services is
deemed to fall outside of the EU Directive concerning InVitro Diagnostics (98/79/EC). Conversely the
development and provision of genetic test services from the private sector are subject to little legislation
excepting this EU Directive. The UKGTN emphasizes the clinical relevance of genetic tests, whilst the IVDD
emphases the technical performance. Clearly there is a lack of a unified approach to the provision of genetic
services within the UK. However the related clinical and industrial community has recognised the value of
collaborating in developing a standards framework for genetic testing. The NHS Genetics Reference
laboratories (part of the UKGTN) and LGC are associated with a number of international initiatives
developing best practice guidelines in support of genetic testing standardisation.

3. Research & Scientific Development, 1st bullet point. What is the state of the science? What new developments are
there? What is the rate of change?

Genetics is simplistically viewed as the understanding of a personal blueprint that nature converts into a
biological endpoint, such that a single genetic variation directly relates to a clinical or medical condition for
the individual. However there is increasing awareness that this simple linear relationship does not hold in
practice. Much of the human genome is now thought to consist of varying levels of gene duplication. Further
the conversion of the DNA message via the intermediate RNA into protein is now known to be subject to
numerous control mechanisms. Additionally the multiplicities of protein forms that can derive from a single
gene are diYcult to predict. For example, array-based technologies have the potential to probe all the key
biochemical variables known to underpin a particular clinical condition. However the rate of understanding
of such variation as it relates to the relevance of a genomic information is severely hampered by limited
research funding. Fundamental research is particularly required to understand the true diversity at the
genomic product ie protein (or proteomic) level.

The rate of technological change is extremely rapid. For instance, new DNA sequencing technologies are now
capable of sequencing the whole human genome in six weeks and the costs are falling dramatically.

4. Research & Scientific Development, 2nd bullet. Who is taking the lead in the consideration and co-ordination of
research and the development of new technologies?

Within the NHS the new National Institute for Health Research (NIHR) with its central commissioning
facility has control over research funding. Thus the NIHR will take a pivotal oversight of research projects
funded by the NHS including those involving genomic medicine. Additionally DIUS is supporting
collaborative research through the Technology Strategy Programme. The recent Health Technologies call aims
to bring together academic, clinical and industrial consortia to develop technological innovation including
point of care tests and microarray applications. From a UK plc perspective, as well as to maximise healthcare
impact, it is clearly beneficial if technological innovation can be aided at a fundamental level eg promoting
best practice in the use of genetic micro-array applications. In this respect work funded by the National
Measurement System is looking to co-ordinate the interests of the stakeholder business community, and
research programmes are designed to address underpinning analytical processes.

5. Research & Scientific Development, 6th bullet point. What is the role of industry? How much cross-sector
collaboration takes place?

The extent and nature of genetic research collaborations between individual pharmaceutical, diagnostic,
clinical and academic teams can be expected to be extensive but are not obviously collated or co-ordinated
by an over-arching body. The UK National Measurement System places great emphasis on collaboration and
dissemination within the industry stakeholder communities (eg pharmaceutical, diagnostics), The National
Measurement System devises research programmes, including genetic methodology and technologies, to
reflect shared interests. For example, improvements in measurement accuracy of DNA sequence information
at very low copy conditions, such as in single cell situations, will support cell-based array technologies for drug
discovery as well as early stage, non-invasive diagnostic procedures at or near the bedside.
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6. Data & Interpretation, 2nd bullet point. Who should provide the framework for optimal evaluation of data and
translational opportunities? What policy and funding mechanisms are in place for recognising and utilising potential
opportunities?

The question implies that one body should be designated with the responsibility to oversee the evaluation of
data and the translation of such research into practical application. This may be an unnecessary simplification
with oversight being fit for purpose eg the driving of a new model of car on the road needs the distinctly
diVerent assessments of the technology robustness as well as the skill of the driver to use the new technology.
In this respect the fundamental need to ensure that genetic data is valid and accurately assessed is distinctly
diVerent to the assessment of the relevant mode of clinical application. If the data is incorrect or its uncertainty
not understood then the subsequent translational opportunities could be wasted money and time. The
National Measurement System and its Institutes may be the appropriate organisation to take a more
prominent role in this underpinning evaluation.

7. Translation, 1st bullet point. What opportunities are there for diagnostics, therapeutics and prognostics now and in
the future?

There is no doubt that eventually genetic understanding must translate into better care procedures with
opportunities arising for diagnostics, therapeutics and prognostics. However at this juncture current research
is revealing the increasing complexity of interactions between many genes and their proteins etc. It may be that
opportunities for simple diagnostics (eg one gene variation being solely causative of one disorder or adverse
reaction) will have some specific but limited applications (eg in pharmacogenetics). Over the next five to 10
years, basing clinical decisions on variations in multiple genes or their expression patterns will require
thorough metrological underpinning as well as critical appraisal on a case-by-case basis.

8. Translation, 3rd bullet point. Given the pace of technological advance how future-proof is healthcare investment in
this area?

This is a very relevant observation. It may be important to seek and support incremental improvement in the
application of genetic know-how whilst still recognising the limitations caused. For instance it has been
discovered that certain genetic variations greatly increase the risk of severe adverse reaction for patients to
the leading treatment for AIDS, but that same knowledge does not provide an equally eVective replacement
treatment for such individuals. It is to be hoped that future research can redress such an imbalance but
application of the current knowledge is clearly relevant and beneficial if still incomplete. The criteria of new
genomic medicine being “fit for purpose” and advocating small advances should be welcomed rather than
awaiting ultimate understanding and complex solutions.

9. Translation, 5th bullet point. How meaningful are genetic tests which use genomic variation data? What progress
has been made in the regulation of such tests?

Genetic tests are only as good as the validity of the genomic variation data they are based on. It is to be
expected that many respondents to this question will emphasise the importance of assessing the clinical utility
of such information. Whilst not disagreeing with this perspective it is essential to first ensure that the actual
biomolecular data that is the basis of subsequent clinical evaluation is robust to start with. For instance the
pressure to achieve DNA sequence data as economically as possible may be reducing accuracy of data resulting
in potential missing, or misleading associations of genetic variation with the endpoint under study. Only the
use of appropriate controls and standards can highlight such errors. Greater awareness of genetic technical
quality matters is essential in the subsequent clinical trials assessment.

April 2008
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Memorandum by the National Genetics Reference Laboratory Manchester

The National Genetic Reference Laboratories in Manchester and Wessex were created in 2002 by the
Department of Health to promote and take forward development of genetic laboratory science in NHS and
to act as a dedicated resource to support molecular and cytogenetic communities. They were re-funded in 2007
for a further five years, with Wessex focusing their work programme on technology development, validation,
molecular cytogenetics and reference reagents, and Manchester focusing on informatics, technology
assessment and quality assurance. Both NGRLs are embedded in NHS service laboratories and each have a
dedicated staV of five to six scientists, technicians and informaticians. The comments below are from and on
behalf of NGRL Manchester, and derive from their particular areas of expertise.

Data Use and Interpretation

Is genomic information published, annotated and presented in a useful way? Should there be a common, public database?
If so, who should fund, and have responsibility for, such an initiative?

There are many potential users and uses of genomic information, as well as many providers and resources.
Projects like Gen2Phen (Genotype-to-phenotype databases: a holistic solution, www.gen2phen.org), a
recently funded EU Framework 7 project led by the University of Leicester, would contend that genomic data
are not presented usefully: they are not coordinated in terms of entering, storing, integrating and searching for
data. Gen2Phen aims to develop tools, resources and standards to address these issues. Common public
databases within the UK are perhaps not the answer as the design, scope and abilities of diVerent databases
are so varied, and there are already many initiatives to collect and publish data. Databases also tend to be
international and this becomes more important the rarer a disease is. One diYculty that database projects have
is establishing the funding mechanisms to develop and maintain their resources: methods include grant
funding, sponsorship and subscription. For medicine to rely on these resources they must be viable in the long
term, and the nature of many internet-based resources means that the user is completely reliant on the supplier
maintaining the service: any break in funding for the service provider can be catastrophic for the users who
have little or no fall-back position. Although the applications may be used international, when they are grant
funded this is likely to be at a national level, so users in diVerent countries may have limited say in policy
decisions on their continued funding.

If the NHS relies upon internet-based resources it must therefore consider how it can ensure that they remain
available. This could include making contributions of eg funds, data and expertise, or becoming a stakeholder
in the provision and management of key resources. Another alternative, or a parallel action, would be to
maintain internet servers for NHS users with “mirror” implementations of important resources, and archives
of previous data sets.

Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How should
genomic data be brought together with other health information?

An issue here is with the coding and classification of phenotype data. As the National Programme for IT has
developed, genetics has considered some of these issues (eg during the Do Once and Share project for Clinical
Genetics, http://www.bshg.org.uk/documents/oYcial docs/DOAS final printed report%5Bl%5D.pdf, and
the development of the Output Based Specification for NHS Genetics Service Information Systems, http://
www.ngrl.org.uk/Manchester/Downloads/OBS.pdf) and found that clinical centres all use their own
classification of diseases and that mandated coding standards like Snomed-CT and HL7 require, and are in
the process of, international development in order to be applicable. Elsewhere the Rare Disease Task Force,
led by Orphanet in Paris, are leading projects which are concerned with rare genetic diseases, including input
to the ICD-11 development. This recognises that ICD-10 does not currently provide suYcient detail and
accuracy for unambiguous classification of inherited diseases. Coding, standards need to be in place for
genomic medicine to converse fully with the NHS medical systems that are being developed, and thereby avoid
being an isolated speciality. An issue that must be addressed is the representation of family data which is not
possible within the current NPfIT systems which assume treatment of individuals.

A coordinated eVort to bring together initiatives in Connecting for Health, SNOMED-CT, HL7 and other
coding systems and projects with the genetics community, supported by informatics expertise, is a goal that
NGRL Manchester has identified and is working towards.

21 April 2008
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Memorandum by the National Genetics Reference Laboratory (Wessex)

Background

1. The National Genetic Reference Laboratories in Manchester and Wessex were created in 2002 by the
Department of Health to promote and take forward development of genetic laboratory science in NHS and
to act as a dedicated resource to support molecular and cytogenetic communities. They were re-funded in 2007
for a further five years, with Wessex focusing their work programme on technology development, validation,
molecular cytogenetics and reference reagents, and Manchester focusing on informatics, technology
assessment and quality assurance. Both NGRLs are embedded in NHS service laboratories and each have a
dedicated staV of five to six scientists, technicians and informaticians. The comments below from NGRL(W)
derive from our particular areas of expertise.

Policy Framework

2. Genetic tests in the UK are currently performed primarily by a network of 23 regional genetics laboratories.
Many of these laboratories will be in a strong position to implement genomic tests once these are developed,
and indeed many are already undertaking such tests, eg microarray comparative genomic hybridisation.
However this configuration may not be optimal for all aspects of testing associated with genomic medicine,
eg if there are greatly increased numbers of tests as a consequence of new screening programmes. It will be
important that any new configuration maintains strong links with clinical and research communities as well
as strengthening links with other pathology disciplines as part of new care pathways.

3. The rapid pace of technological developments means that laboratory equipment is rapidly outdated.
Additional laboratory capital investment will be needed to realise the benefits of genomic medicine, and
consideration should be made for this to be available on a recurrent basis.

4. Much of the recent attention has focused on the spectacular successes of genome wide association studies
(lead principally by UK researchers) in identifying common, inherited low penetrance susceptibility alleles for
a variety of conditions. It should be borne in mind however that many aspects of genomic medicine involve
acquired genetic or genomic changes in cancer. An integrated approach to inherited and acquired changes
should be considered that includes mechanisms of funding/commissioning of tests.

Research and Scientific Development

5. Although the UK leads the world in many aspects of basic research, there is a significant gap in funding
for development that is not currently being met by the NIHR and HTA programmes, which focus largely on
clinical utility and validity of diagnostic tests. Translating research findings into robust, quality assured, fit-
for purpose laboratory assays in often a lengthy and costly process that needs to be specifically funded.

6. There is a need for detailed translational research programmes to establish the benefits of new scientific
findings in the context of genomic medicine.

Data Use and Interpretation

7. Emerging technologies will require much more sophisticated information technology to manage and
interpret data. The infrastructure needs, access requirements and data volumes are very diVerent to standard
NHS requirements and will require dedicated IT staV embedded in testing laboratories as well as capital
investment.

22 April 2008

Memorandum by the NHS National Genetics Education and Development Centre

NHS National Genetics Education and Development Centre: Background

The NHS National Genetics Education and Development Centre (NGEDC) was set up in 2004 as one of the
initiatives in the Genetics White Paper with a remit “to help drive and co-ordinate genetics education for health
professionals working outside specialist genetic services”. The main base is at the Birmingham Women’s
Hospital. Our nursing team is based at the University of Glamorgan and they are submitting additional
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evidence separately. The Centre is funded by the Department of Health, with supporting funding from the
Welsh Assembly Government and the Scottish Government. Following a successful midterm review, funding
was extended until August 2009.

Key points

— The UK is leading the way internationally with governmental support for developing genetics
education for healthcare workers. The Department of Health has been particularly far-sighted and
supportive.

— Enhancing the genetics literacy of the NHS workforce is a project for the longer term involving
patients, learners, educationalists, professional associations, universities and colleges, statutory and
regulatory bodies, employing authorities and government departments.

— A programme for genetics education must be evidence based, flexible and responsive to changes in
the structure of the workforce, provision of clinical services and conceptual and financial
commitments to education. The engagement of regulatory and professional bodies at a national level
to accept learning outcomes and workforce competences and incorporate them into suitable
programmes and assessment schemes is vital. There are challenges in setting a national agenda which
is intended to be achieved mainly through local delivery. For instance, staV in the Regional Genetics
Centres play a key role in supporting genetics education, but currently there are concerns that this
is becoming increasingly diYcult to undertake because of service pressures. Appointing staV in
Regional Genetics Centres with a defined educational component to their role may be one solution.

— A sound evidence base of existing genetics knowledge, skills and attitudes in the NHS has been
collected by NGEDC and used to develop learning outcomes and workforce competences which are
being adopted into curricula.

— Ongoing programmes (such as the following led by NGEDC) need sustainability:

— to develop resources to support the knowledge base for learners and trainers

— to enable workforce competences to be integrated into job roles and assessment

— to train and support educators and to develop training materials.

— There needs to be easily accessible “when needed” genetics information in the workplace—
incorporating information about genetic testing, management of genetic disorders and explanation
of their genetic basis. NGEDC is working with United Kingdom Genetic Testing Network and the
National Library for Health for Genetic Conditions to link the three websites to achieve this. There
may be challenges in delivery of electronic initiatives as there are IT constraints with streaming
material into some Trusts, for instance.

The NHS workforce and educational needs in genetics

1. Determining the genetics knowledge, skills and attitudes which healthcare workers need

1.1. Initially, the key strategy of NGEDC was to understand the learning ethos, preferred delivery methods
and attitudes towards genetics of diVerent NHS healthcare groups. We collected evidence by undertaking
needs assessments with educators, practitioners and patients to determine the genetics knowledge, skills and
attitudes which were considered important for clinical practice. These have been translated into learning
outcomes in genetics for nurses, midwives and health visitors, medical students, foundation trainees, specialist
registrars and general practice specialty registrars (available on www.geneticseducation.nhs.uk). These
learning outcomes have been adopted into practice and are being embedded in national specialty curricula.
We are currently working with dietitians and pharmacists.

1.2. We have answered three questions:

— What are the core concepts in genetics which a pre-registration health worker should know?

— Which of these concepts should be developed in post-registration training for particular groups?

— What genetic competences are needed in specific roles to enhance care in patient pathways?

1.3. Although the frequency with which health professionals in the NHS will meet patients who would benefit
from genetic information and management will depend on their role and specialty, it is important that at
qualification all professionals are familiar with core genetic concepts. This “mind map” of genetics should
allow the later incorporation of genetic advances in patient care. These core concepts can be developed during
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post-registration training appropriate for the specialty and role. In addition, healthcare workers will need
access to genetic information for aspects of practice they may not have met previously.

1.4. Education in genetics therefore cannot be a static event, but may best be seen as beginning with
undergraduate education and continuing in professional development and workplace learning. We have called
this the “continuum of genetics education”.

2. Enhancing patient care through workforce competences

2.1. Learning outcomes are particularly useful in developing content for formal education, but workforce
competences may be a better mechanism for influencing and supporting learning about genetics in the
workplace. NGEDC asked over 50 health professionals from more than 20 healthcare groups to consider
where genetic activities are undertaken in the clinical care pathways with which they were familiar. Initially
they believed that they did not undertake genetic activities, but were surprised to discover some genetic
activities already form part of their work: for instance, collecting information about family history of disease.
They had not appreciated their current involvement because of a widespread perception that genetics is a
highly complex subject requiring super-specialist training in science.

2.2. The activities which the group identified were then developed in collaboration with Skills for Health into
a genetics competence framework. The competences cover the pathway of care for a patient with a genetic
condition, and have been ratified as National Occupational Standards. The genetics workforce competences
describe in detail how and what activities should be carried out in clinical practice and the underpinning
knowledge, skills and attitudes required. They build on the core concepts from pre-registration training.

2.3. The competences can be used as part of job descriptions or to design new services. They map to the NHS
Knowledge and Skills Framework. The knowledge and skill requirements for each post are identified (the KSF
outline) and each post holder has an annual review against their KSF outline in order to identify
development needs.

2.4. Not every NHS professional needs all the competences. Only those competences appropriate to a role in
a particular patient care pathway need to be included in a job description. As the competences need support
in practice, NGEDC is currently developing a programme to include training educators and managers as well
as developing training and assessment resources.

3. Attitudes towards genetics and the impact on design of educational material

3.1. NGEDC considered it especially important to determine attitudes towards genetics, as these would aVect
provision and uptake of genetics education. Over the past few years we have detected a growing
acknowledgement that genetics is beginning to impact on clinical practice, and is therefore increasingly
relevant. This varies from specialty to specialty, mostly reflecting the availability of genetic testing for diseases
in that specialty. There is also a widespread perception that genetics is a diYcult, laboratory based scientific
specialty, apparently reflecting the way that genetics may have been taught in the past.

3.2. We have therefore developed our resources based on patient scenarios, to demonstrate clinical
application, and using these to raise scientific concepts to answer the clinical questions. In addition, NGEDC
has worked with patients to identify their views on the provision of genetic information, and what they wanted
health professionals to know. They clearly identified the need for a general greater awareness about genetic
conditions and that health professionals should know where to access information. These views have been
extremely valuable in designing our educational materials and initiatives.

4. Engaging statutory and professional organisations

4.1 Integrating core concepts in genetics into health professional education and training requires
collaboration between statutory and professional organisations responsible for setting standards and
determining curricula, educational institutions implementing the curricula and providing courses, and
individual educators who determine the content of courses and teach and assess them.

4.2. Influencing such a wide variety of stakeholders appears a daunting task, and it has proved to be very
challenging in practice. It has been diYcult to engage some national organisations but others have
enthusiastically welcomed the need to include genetics in their training (for instance, the Royal College of
General Practitioners adopted a curriculum for general practice trainees based on the work of NGEDC). The
most important component in convincing individuals and institutions is to demonstrate the clinical utility of
genetics.
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5. Supporting educators

5.1. At a local level, educational delivery is ultimately dependent on individual trainers. Many educators feel
ill equipped to teach genetics—they are concerned about their own lack of understanding of the subject, and
they do not feel that they have the teaching techniques to explain genetics concepts. Our study of nursing
educators mirrored the findings from other specialty groups, confirming the urgent need to educate the
educators and provide teaching resources. They particularly wanted access to the experiences of patients and
to genetics professionals, and to have tailored resources matched to explicit curriculum content. NGEDC has
responded to these needs.

5.2. Many health professional educators have made it apparent that they will require ongoing support and
resources. Many were trained before genetics was making an impact in clinical care and so cannot speak from
personal experience about the impact of genetics in clinical care. A key component of the NGEDC strategy
is therefore to encourage networks of educators to share experiences, resources and to oVer support to each
other. We are therefore setting up a network to support genetics educators. DH has awarded funding to
NGEDC for six part-time genetic counsellors to act as educational facilitators in the regions, working with
colleagues in higher education. There will be educational facilitators funded in Wales and Scotland too. We
have devised courses for GP Trainers to support the new GP curriculum, and courses on “How to teach
genetics”.

6. The co-operation and active involvement of Specialist Genetics Services are vital

6.1. Every group of post-registration trainees and educators with whom we have worked highlight their wish
that educational sessions be jointly organised with the specialist genetic services, who are seen as holding the
key to explaining the clinical usefulness of genetics. Similarly, support from specialist Genetic Services is seen
as necessary and vital when setting up projects to support development of service provision in genetics in
mainstream medicine.

6.2. These expectations have implications for specialist genetic services. It would be helpful if defined
educational responsibilities were encouraged more as part of the roles of specialist genetics staV. In most UK
units there is currently a tension between providing the clinical service (which must meet NHS performance
targets) and assisting in education, although all specialist units recognise the importance of education. This
may be an example of where engagement with NHS policymakers is required—to ask for a national statement
reinforcing that teaching and education are essential roles in addition to service provision.

7. Encouraging the appropriate ordering of genetic tests

7.1. The ordering of a genetic test and receiving the result are opportunities for genetic education. The United
Kingdom Genetic Testing Network and the Centre are working closely together to support our workforce
competence about ordering a genetic test. It was acknowledged that information at the point of ordering the
test was extremely important and the United Kingdom Genetic Testing Network and the National Genetics
Education and Development Centre and the Library for Specialist Conditions have already started to put in
place linkages between the three websites to support this.

8. The importance of educational evaluation

8.1. Genetics education initiatives need evaluation to ensure they achieve their objectives. All the work of
NGEDC is subject to evaluation. Results show that our strategy is certainly resulting in individual educators
changing practice as a result of our initiatives, and we have had successes in developing and introducing
genetics into curricula. There is still much to be done.

9. Maintaining the impetus

9.1. The Department of Health has shown a keen interest in supporting education in genetics to enhance
patient care. Our DH review group, led by Professor Sir Kenneth Calman, has acknowledged our contention
that until genetics education is being delivered in practice it is unlikely that a non-governmental organisation
will be convinced of the need to support policy and resource development. We note that the White Paper
Progress Review (2008) says that the Department of Health “will continue to work closely with all the relevant
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stakeholders” particularly “to include issues such as how to support the National Genetics Education and
Development Centre and other bodies to provide education in genetics for all healthcare staV from their basic
training and throughout their careers”. We welcome this because we believe that at present DH is best placed
to take a major policy role in supporting the development of genetics education for the NHS workforce.

22 April 2008

Memorandum by Professor Marcus Pembrey FMedSci

Relevant Expertise

As Director of Genetics within ALSPAC (1989–2005), I led the development of the genetic resource within the
Avon Longitudinal Study of Parents and Children (ALSPAC—www.alspac.bristol.ac.uk). ALSPAC was the
first general population (pre)birth cohort to have genetic analysis incorporated into the study design from the
outset. The DNA bank has samples on about 23,000 individuals.

The ALSPAC laboratory with its robot-assisted facility for banking immortalised cell lines and DNA
processing/handling expertise is responsible for the genetic resource of the British 1958 Birth Cohort
(www.b58cgene.sgul.ac.uk). Having helped set up the cell-line backed, national DNA control series for case
control studies based on the B58BC, I became one of the principle investigators of the Wellcome Trust Case
Control Consortium (WTCCC).

As a clinical geneticist (heading up genetics at Great Ormond Street Hospital and the Institute of Child Health
from 1979–1998) I have witnessed the development of genetic testing services for individually rare Mendelian
and other high-risk inherited disorders through to the recent contemplation of genetic susceptibility testing
for common multifactorial disorders.

As Consultant Adviser in Genetics to the Chief Medical OYcer, Department of Health (1989–1998) and Chair
of Progress Educational Trust, I have gained some experience on policy development. As a member of the
Advisory Committee on Genetic Testing, I chaired the ACGT Sub-committee on “Over the Counter Genetic
Testing” that published the first Code of Practice and Guidance on Human Genetic Testing Service OVered
Direct to the Public, in September 1997.

Below I respond to just those questions where I have direct experience and feel some issues need to be
addressed. I am happy to give oral evidence if that would be helpful. I am happy to provide references in
support of some of the points I make.

1. Policy Framework

1.1 Who is in charge of setting and reviewing policy in this area?

Increasingly—by default—the Wellcome Trust (WT) is having a disproportionate influence on policy and yet
is answerable to just a few governors. With its huge financial resources the Wellcome Trust has become the
major lead on research in genomic medicine (see below) and this has led to the WT trying to dictate policy in
a number of areas. A good example has been on the issue of wide access to data generated by WT funded
projects, which naively, in my opinion, attempted to just apply what worked for the human genome project
without appreciating:

(a) how much more complex it is when linking genetic data with phenotypic measures / outcomes from
ongoing cohort studies and

(b) what impact the policy would have on those investigators running the cohorts.

1.2 There is an attempt by the MRC, ESRC and WT to devise an overarching governance policy for all cohort
studies. This one-fits-all approach is flawed in my view and may be at odds with the established policy of the
study principal investigators seeking ethical approval and assuming the responsibility for sticking to the
approved protocol. This move by the funders has created uncertainty and in the meanwhile, for example, the
oversight of and management of access to the British 1958 birth cohort has been floundering over the last year.

1.3 Who provides scientific advice on policy development? Who monitors and anticipates potential scientific
developments and their relevance to future policy? How effective are these mechanisms?

It is not clear to me that a system exists for balanced, independent scientific advice on policy development. At
present big projects are launched, the direction and detailed designs of which are determined by the (most
assertive) scientists involved. What happens may or may not become “the model” of how it should be done.
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1.4 Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

As you can gather from the above, the system is not optimal. Regulatory gaps currently exist in part because
of the 18-month delay in the WT (!MRC & ESRC) coming up with their proposal for overarching
governance—that should then, in my opinion, be assessed by your sub-committee or by the Human Genetics
Commission or in some other independent way before being imposed by these funders.

1.5 In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

This is through local or national research ethics committees and specific project related committees such as the
ALSPAC law and ethics committee. There are big challenges ahead, for example when to switch from
undisclosed genotyping in basic epidemiological research to disclosing the genotype to the participants in
clinical/ public health studies.

2. Research and Scientific Development

2.1 What is the state of the science? What new developments are there? What is the rate of change?

The state of knowledge about specific genetic eVects and epigenetic influences (the capture of developmental
experience though programming gene expression patterns) on common disease risk is very rudimentary
indeed. New concepts and entirely new genome-related mechanisms concerning gene-environment
interactions (including transgenerational eVects) are likely to be discovered. The rate of development of (epi)
genome analysis techniques is very fast as is what can be done with living cells in terms of re-programming in
the laboratory. However, there are some “knowable futures” that must be kept in mind. Whatever the future
discoveries in genomics and epigenetic responses, their impact on public health and an assessment of disease
prevention strategies will always need longitudinal cohort health data, physiological measurement,
environmental exposures data and suitable biological samples including immortalised cells. These cohorts
require huge commitment by both the investigators and participants over decades and maintaining motivation
is crucial for the future of research in genomic medicine. Undermine this and you undermine the future of
biomedical research. Whilst the WTCCC was timely, case-control designs have significant limitations and need
to be complemented by other approaches.

2.2 Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

The lead in research is taken, in aVect, by the scientists and the funders of research. Despite peer-review by
grant awarding panels, my impression is that much of the strategic advice taken by the WT, for example, comes
from senior research fellows funded by the WT. The emergence and final nature of the WTCCC is an example.
The WTCCC, with the Wellcome Trust’s name nailed to the mast, has become something of a flagship. In the
grand scale of things its contribution whilst important is likely to be modest because of design limitations.
There is a risk that it will be seen as “the model” and distort future research planning.

Industry is driving most of the new technologies in genomics.

3. Data Use and Interpretation

3.1 Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How
should genomic data be brought together with other health information?

Genomic analysis per se without linkage to phenotypic data (health measures etc) does not get you very far in
genomic medicine research—it just discovers the nature and scale of genetic variation within the sample
analysed. There is also a problem with diagnostic medical labels (acknowledged by the later question “What
impact will genomic information have on the classification of disease? How will it aVect disease aetiology and
diagnostic labels?”). Much of the current disease classification is rather arbitrary and may not map well onto
human biology. The great challenge is to develop research resources that can link genomic data with
intermediate metabolic phenotypes and cellular responses to specific challenges.
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3.2 What are the implications of the generation and storage of genome data on personal data security and privacy, and
on its potential use or abuse in employment and insurance? How should these be addressed?

There are concerns that the rush to link phenotypic outcomes and genotypes at the level of the individual, plus
the pressure to make data as widely accessible as possible, could lead to inadvertent disclosure of a
participant’s genotype. The public release of a “phenome scan” with aggregated data that shows the
relationship between a genotype and a physiological outcome is a safe and valuable way forward (for meta
analysis for example). The British 1958 birth cohort genetics website developed by Prof David Strachan
provides a good example (www.b58cgene.sgul.ac.uk).

23 April 2008

Memorandum by Roche Applied Science

Executive Summary

1. Roche Applied Science (RAS) provides cutting-edge research equipment to the life science community. We
have been at the forefront of innovation in this area for many years.

2. This memorandum draws on our experience working with genetic research laboratories of all kinds and
reflects directly conversations we have had recently with academics working in these institutions. Specifically,
it focuses on three obstacles that are currently preventing genomic research from being translated into and
beyond the development phase:

(a) the need for further investment in bioinformatics, IT infrastructure and training;

(b) the lack of a nationwide database;

(c) the fact that funding has been focused on research at the expense of development; and

(d) the lack of clarity regarding the UK regulatory landscape with respect to diagnostics.

Introduction

About Roche Applied Science

3. Based in Basel, Switzerland, Roche has grown over the past 100 years from a small pharmaceutical
laboratory into one of the world’s leading research-focused companies in the healthcare sector. Today, Roche
employs around 75,000 people and operates in over 150 countries. The business is focused on two healthcare
areas: diagnostics and pharmaceuticals.

4. RAS is a global business area within the Diagnostics Division, employing approximately 1,800 worldwide.
RAS’s headquarters are in Penzberg, Germany; the UK operation is based in Burgess Hill, West Sussex.

5. RAS welcomes the opportunity to submit written evidence to the Sub-Committee. The Roche Group has
also submitted a memorandum. Given our diVerent, though complementary, perspectives, we have decided to
submit evidence separately rather than combine the two into a single paper.

Our heritage in genomic research

6. RAS has always been at the forefront of innovation in genomic technologies. We provided the first new
generation sequencing system on the market, and our products have evolved significantly since then.

7. Our focus has always been on the production of high quality data which can be easily analysed, allowing
both research and clinical use alike. This is reflected in the two technologies that currently form the backbone
of our product portfolio in this area:

— the Genome Sequencer FLX (GS FLX) system: Advances in sequencing technologies such as the
GS-FLX will enable information from the Human Genome Project to be applied at an individual
level to inform every aspect of patient management. Many diseases occur in genetically distinct
subtypes that vary in their clinical course and prognosis. Thus, two patients who seemingly have the
same disease and are treated with the same medicine may respond in radically diVerent ways. Next
generation sequencing technologies will enable common complex diseases such as cancer, heart
disease and diabetes to be tackled. In addition, they have a public health impact by revolutionising
pathogen surveillance—eg for HIV and for common hospital infections such as MRSA and C.
diYcile.
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Gene sequencing is at the heart of research in this area and RAS has been at the forefront of
technological innovation. Our next generation sequencer, the GS FLX, was launched in the first half
of 2007. Since then, research using Roche’s Genome Sequencer has already been documented in
approximately 160 peer-reviewed publications, covering a wide range of research fields from whole
genome sequencing to HIV mutation detection.

— NimbleGen technology: NimbleGen genomic capture technology, which has only been on the
market since April 2008, allows researchers to isolate the genetic material for sequencing much more
quickly and accurately than has been possible previously. No comparable technology is currently in
existence anywhere in the world.

Our customers

8. RAS’s customers include research institutes within both universities and the NHS. One example is
Newcastle University’s Centre for Life. The Centre is headed by Professor John Burn, its Medical Director,
and RAS has worked in partnership with Professor Burn to help the Centre develop software for its gene
sequencing research. RAS has also provided some financial support to help it develop upstream capacity and
produce some pilot data.

9. The concerns identified below reflect the experience we have gained through dealing with the University of
Newcastle as well as other customers. Specifically, we have consulted with the following people as a means of
informing our memorandum:

— Chris Mattocks, Wessex National Genetics Reference Laboratory;

— Ian Frayling, All Wales Medical Genetics Service Consultant, University Hospital Wales’ Institute
of Medical Genetics; and

— Jenny Taylor, Oxford Biomedical Research Centre.

The points outlined below are endorsed by them all.

Barriers to the Translation of Genomic Research

10. In his review of health research funding in the UK, Sir David Cooksey identified an insuYcient focus on
the translation of research as a key weakness.99 There has been much progress in this area since Sir David
published his report—the establishment of the OYce for Strategic Coordination of Health Research, and its
focus on translating medical research, is particularly welcome, as is the emphasis on translation in the MRC’s
Delivery Plan to 2010/11.100

11. EVective translation requires every link in the chain to be working eYciently and for “gaps” to be plugged.
Our dealings with geneticists have exposed three such obstacles that, we believe, are preventing the successful
translation of genetic data into the development of new products and approaches for treating disease:

(a) The need for further investment in IT infrastructure and training

12. The complete human genome cannot be sequenced in a single run using existing sequencing technology,
but next generation sequencing equipment is likely to make this possible within the next five years or so. We
are getting closer to this point all the time—for example, over the summer, RAS will launch new
“consumables” which will allow five times as much DNA to be sequenced by the GS-FLX system in a
comparable timeframe, at about a fifth of the cost.

13. These technological developments represent a major opportunity and could significantly accelerate the
progress of genomic medicine. However, they also present challenges. Specifically, the amount of raw data that
is produced by genetic laboratories will continue to grow and grow at a rapid rate, but it will need to be stored
and analysed if it is to be used eVectively. This has raised two key concerns within the research community:

— that investment in IT infrastructure has not kept pace with the development of technology, and, in
many research laboratories, the existing infrastructure that is in place will not be capable of coping
with the volume of data which will be generated; this appears to be a particular problem in clinical
genetics facilities in the NHS.

— that there are no bioinformaticians within the NHS to analyse the data and the environment and a
lack of IT infrastructure will hinder attempts to recruit such specialists.

99 http://www.hm-treasury.gov.uk/media/4/A/pbr06 cooksey final report 636.pdf
100 http://www.mrc.ac.uk/Utilities/Documentrecord/index.htm?d%MRC004269
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— that there are not enough trained individuals capable of running the IT equipment.

14. Unless both of these issues are addressed, these weaknesses will become more and more exposed. In turn,
researchers will be unable to benefit from innovation in sequencing technology that is continuing apace.

(b) The need for a nationwide database

15. A second major barrier to the translation of genomic research is the lack of a UK-wide database for
storing sequencing information. Such a database would handle data from wherever it was produced and be
accessible to researchers up and down the country. In the absence of this kind of resource, some laboratories
have forged links independently and are sharing data, but there has been no consistency of approach.

16. A nationwide database would require significant investment to establish and a permanent funding stream
to maintain, but the idea enjoys widespread support from across the research community.

(c) Research and development funding has been focused on the “R” at the expense of the “D”

17. Over the last few years, funding for medical research has risen steadily, and will increase by a further £1.7
billion by 2010/11 under the terms of the Comprehensive Spending Review. This is welcome, but spending on
development has not kept pace with spending on research—it is generally acknowledged that funding has been
focused on the “R” at the expense of the “D”.

18. Again, this has hampered eVorts to ensure the translation of genomic research into routine diagnostic
tests, and is a crucial weakness that has yet to be addressed. The increased funding for translational research
and the Biomedical Research Centres with an interest in genomics research will help to address this.

(d) The lack of a clear regulatory role

The pathway for approval of new drugs in the UK is well established with the National Institute for Health
and Clinical Excellence (NICE), but there is no NICE equivalent for diagnostics. The lack of clarity regarding
both the regulatory and commissioning pathways presents a serious barrier to making novel molecular
diagnostics available for clinical evaluation and use.

Conclusion

19. Our key recommendations are that investment in NHS bioinformatics and IT infrastructure is made to
allow the NHS to reap the clinical benefits which novel genomics technologies could provide. This is necessary
if the UK is to capitalise on the translational funding which has been committed following the Cooksey
Report. In addition and related to this, the regulatory and approval processes for diagnostics need to be
clarified and streamlined so that the process has the same clarity as that which exists through NICE for
pharmaceuticals.

20. We would be very pleased to clarify any of the points made or to provide further information on request.

21 April 2008

Supplementary memorandum by 454 Life Sciences, a Roche Company

Executive Summary

1. 454 Life Sciences, a Roche company, develops and commercialises the innovative Genome SequencerTM

system for ultra-high throughput DNA sequencing.

2. In response to the questions raised at the Sub-Committee’s 5 November hearing concerning next-
generation sequencing, 454 Life Sciences would like to highlight the points below:

a) High throughput sequencing technologies have enabled an explosion of molecular biology research
which is building a foundation for genomic medicine.

b) Government investment should be focused on the infrastructure required to translate the scientific
understanding enabled by high-throughput sequencing into true clinical benefits. This should
primarily be in the form of IT infrastructure and ensuring that there are enough trained individuals
to manage the systems put in place, and providing the support for the development of nationwide
databases.
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c) It is important that clear guidelines are developed on the use of diagnostics, to ensure that new
technology is assessed appropriately and introduced quickly and eYciently into the healthcare
system where it can deliver real benefits for patients.

d) The investment in projects such as the 1,000 Genome Project will benefit society—clinical benefits
from high-throughput sequencing are imminent and likely to be realised well before the $1,000
Genome.

Introduction

About 454 Life Sciences

3. Based in Basel, Switzerland, Roche has grown over the past 100 years from a small pharmaceutical
laboratory into one of the world’s leading research-focused companies in the healthcare sector. Today, Roche
employs around 75,000 people and operates in over 150 countries. The business is focused on two areas:
diagnostics and pharmaceuticals.

4. Roche Applied Sciences is a global business area within the Diagnostics Division, employing
approximately 1,800 worldwide. RAS’s headquarters are in Penzberg, Germany; the UK operation is in
Burgess Hill, West Sussex.

5. 454 Life Sciences, a centre of excellence of Roche Applied Sciences, develops and commercialises the
innovative Genome SequencerTM system for ultra-high-throughput DNA sequencing. Specific applications
include de novo sequencing and re-sequencing of genomes, metagenomics, RNA analysis, and targeted
sequencing of DNA regions of interest. 454 Sequencing technology has enabled over 250 peer-reviewed studies
in diverse research fields including, cancer and infectious disease research, drug discovery and many more.

6. 454 Life Sciences welcomes the opportunity to submit written evidence to the Sub-Committee. While the
Roche Group and RAS have previously submitted memoranda, this submission specifically addresses the
questions concerning next-generation sequencing which were raised in the Sub-Committee’s 5 November
hearing.

Advances in DNA Sequencing

7. For 30 years, the DNA sequencing method developed by Fred Sanger, dideoxynucleotide chain termination
DNA sequencing, was the dominant method for DNA sequencing. Incorporating sequencing into genomic
projects was unaVordable and often technically unfeasible, confining research to large scale genome centres.
The launch of the Genome Sequencer 20 System by 454 Life Sciences System in 2005 put sequencing into the
hands of a much broader research community by dramatically reducing the cost and time to complete genomic
projects. Key advances underlying 454 Sequencing technology are massively parallel sequencing of DNA
molecules in picoliter wells and a simple, unbiased method for sample preparation. Since 2005, 454 Life
Sciences has released three generations of its technology which have continued to improve the cost and speed
of sequencing while maintaining the industry-standard in quality.

8. The result of new, aVordable sequencing technologies has been a grassroots groundswell of researchers that
are suddenly finding high-throughput sequencing within their reach as a research tool. Researchers have
published over 250 high quality publications in major journals including Nature and Science using the
Genome Sequencer system. Many of these publications have had direct applicability to human health research
and development. These studies cover many areas that will continue to be important in the characterisation
and management of disease. Some major research areas covered by these publications include:

a) Human Genome Characterisation: The genome of Dr James Watson was sequenced using long-read
high-throughput sequencing, the first individual genome to be sequenced using a next generation
technology. Several other papers have been published that characterise structural variations and
chromosome conformations. The detailed characterisation of the variation amongst human
genomes will make it possible to rapidly identify regions that are divergent in the germline DNA of
patients with disease.

b) Transcriptome Characterisation: The transcriptome is the gene-containing part of the genome that
is transcribed into RNA and than translated into proteins. Several publications have used long-read
high-throughput sequencing to comprehensively and accurately sequence the transcriptomes of
cancer cells in order to identify the genetic changes associated with oncogenesis. Studies such as these
allow researchers to pinpoint genes that are defective and how they are altered in particular
disease states.
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c) Target Genomic Region Characterisation: Long-read high-throughput sequencing has been used to
further characterise those parts of genomes that had previously been associated with disease. The
research communities around the world have spent significant resources characterising the genetic
basis of disease. This has been done with so-called whole genome association that results in
pinpointing a region as having an association with a sub-population of the disease studied. However,
these regions are typically large and don’t help pharmaceutical researchers. Application of long-read
high-throughput sequencing can allow researchers to quickly determine where in a disease associated
region the important mutations reside, the so-called “causative alleles”, by accurately sequencing the
region in numerous patients.

d) Targeted Gene Characterisation: Long-read high-throughput sequencing has also been used to
deeply characterise a variety of genes involved in disease process as well as those that are targets for
pharmaceutical compounds. Characterisation of the P53, EGFR and the HIV Reverse Transcriptase
(RT) loci are prime examples of the application of ultradeep long-read high-throughput sequencing.
This deep sequencing of important genetic loci allows for the discovery or determination of rare
mutations that may result in adverse events during drug treatment. Additionally studies such as these
may suggest a better course of treatment for an individual patient thus reducing the overall cost of
treatment or point to new targets for drug development.

e) Virus Characterisation and Identification: The study of infectious agents such as HIV has benefited
greatly from the use of long-read high-throughput sequencing. Studies have been published that
characterise HIV’s integration in the human genome as part of its life cycle as well as mutational
profiling studies of HIV before and during treatment with antiretroviral drugs.

In addition to the characterisation of known disease-causing virus, the Genome Sequencer System was used
to identify an infectious virus that emerged in transplant recipient patients. Furthermore, the technology was
used to uncover a novel viral fusion protein in a Merkel cell carcinoma in a study that suggests a path to
treatment of this cancer. Other groundbreaking studies suggest that gut flora may play a larger role in obesity
than previously thought.

f) Other Infectious Agents: Long-read high-throughput sequencing has been used to characterise the
genomes of dozens of bacterial species many of which are important human pathogens including
Mycobacterium tuberculosis (TB), Staphylococcus aureus (MRSA), Helicobactor, Streptococcus,
Salmonella, Campylobacter, Bacillus anthracis and E coli. The analysis of pathogen genomes allows
for an understanding of the epidemiology of the infection, characterisation of drug resistance, and
facilitates the development of new classes of antibiotic drugs.

9. There are now several next-generation high-throughput sequencing technologies commercially available.
Each oVers a unique combination of throughput and data quality. For example, 454 Sequencing generates
relatively long read lengths (500 bases) with very high accuracy, while other technologies generate a larger
number of short DNA sequences.

10. One common feature of next-generation sequencing technologies is that the cost per base of sequence
generated has dropped by orders of magnitude from Sanger sequencing, and can be projected to continue to
fall over the next five years. In 2007, 454 Life Sciences sequenced the complete genome of Dr Jim Watson in
only four months for approximately $1 million, a dramatic reduction from the near $3 billion and 10 years
spent on Sanger sequencing for the Human Genome Project. Today, using 454 Sequencing’s newest generation
of technology the cost to sequence a human genome is approximately $250,000. The cost will drop to under
$10,000 within five years. Although some companies currently claim to be able to sequence human genomes
in that price range, the quality of the data is of questionable scientific value.

11. Advances in DNA sequencing have benefited from early stage government funding. For example, 454 Life
Sciences was awarded two grants totalling $7 million from the NHGRI for sequencing technology
development. Once a technology has demonstrated technical feasibility, venture capital has been available to
commercially develop the technology. 454 Life Sciences raised $60 million in two rounds from its biotech
parent, CuraGen Corporation, and outside investors. With commercial success, large life science companies
have deemed next generation sequencing technology a core asset, as evidenced by the recent acquisitions of
454 Life Sciences by Roche (2007) Solexa LTD by Illumina, Inc (2006), and a sequencing technology from
Agencourt Inc by Applied Biosystems Inc (2006). Each of these companies continues investing in the acquired
technology.
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1,000 Genomes Project

12. The benefit of sequencing 1,000 human genomes across known population groups is to establish the most
detailed and medically useful picture to date of human genetic variation. Future study of the genetic causes
of disease will benefit from a deep catalogue of human variation. This reference will allow researchers to
understand which genetic diVerences are more likely to be normal genetic variation versus those that are
causative or predisposing for disease.

13. We should not expect the 1,000 Genome Project in and of itself to yield significant scientific advances in
understanding disease. That understanding will require extensive sequencing of patient samples from disease-
specific populations.

14. The likelihood that these disease-specific studies will yield only predisposition genes with limited relevance
to clinical practice is very small. A recent study101 that sequenced a portion of 188 genomes from lung cancer
patients confirmed and extended the number of predisposition genes, and more importantly, discovered many
novel lung cancer targets, novel signalling pathways and strikingly, suggested novel treatment strategies for
lung cancer from existing drugs that would not have been considered previously (Ding et al Nature (2008).
23:1069. Somatic Mutations AVect Key Pathways in Lung Adenocarcinoma)

15. There are many mechanisms by which diseases arise and progress that are not fully understood. The
detailed analysis of many human genomes will allow for an increased understanding of the genetic basis of:

— inherited genetic causes of disease—such as familial cardiomyopathies, cystic fibrosis and breast/
ovarian cancers;

— the susceptibility to disease, such as cardiovascular disease, Alzheimer’s, lupus, inflammatory bowel
disease and adult onset diabetes, whose direct genetic linkages are poorly understood;

— somatic diseases such as cancer;

— the potential environmental causes of disease including, but not limited, to the natural microbial
flora within and on each person; and

— the combination of both genetic and epigenetic events that lead to diseases.

$1,000 Genome

16. The “$1,000 dollar genome” typically refers to the costs necessary to generate the dataset of a
complete, individual human genome. The total costs, including sample acquisition computer hardware costs,
downstream data analysis costs, and data management will be significantly higher.

17. We will not speculate as to when it will be possible to generate for $1,000 a complete individual human
genome of suYcient quality to conduct scientific research or make clinical diagnostic decisions.

18. However, at $1,000, human genome analysis will allow truly personalised healthcare. The benefits of
improved disease management are many fold, including improving the life of the patient, increasing
productivity through fewer lost workdays and a more targeted, cost-eVective treatment as a result of a more
comprehensive diagnosis and prescribing a safe and eVective drug. A recent report estimated that the UK
National Health Service spends nearly £2 billion annually to treat patients with an adverse reaction to drug
treatment, which is an average of £1,824 per patient.102

19. The highly favourable pharmacoeconomics from a $1,000 genome, and possibly even sooner at a higher
price, suggest that everyone should have their genome sequenced due to the net positive societal benefit.

20. Each individual should have the right to decide if they want their genome sequenced. The data should
belong to the individual and they should have the right to decide with whom to share.

Benefits to clinical practice from next generation sequencing

21. Clinical practice will benefit from next generation sequencing in the practice of truly personalised
medicine. With better understanding of a person’s genetic makeup, clinicians will design successful strategies
for the diagnosis, treatment, monitoring and prevention of disease in a more accurate and cost eVective
manner. For example, drug choice may be tailored and the amount of drug or dose adjusted to an individual’s
genetic make-up.
101 Somatic mutations aVect key pathways in lung adenocarcinoma. Ding L et al. Nature 2008 Oct 23 455:1069-75.
102 Adverse drug reactions cost NHS £2 billion. The Guardian, 3 April 2008.
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22. Even before the $1,000 genome, next generation sequencing will benefit clinical practice. One area of
immediate clinical relevance is characterisation of drug resistant viral variants. Research at the Yale School
of Medicine used 454 Sequencing to detect low frequency drug-resistant strains in HIV-infected patients; these
resistance variants are proven to have significant impact one early stage treatment failure. Another study used
454 Sequencing to explain the emergence of drug resistant tuberculosis strains at the genomic level. Other
clinical opportunities for sequencing include medical forensics, tissue transplantation, central nervous system
degenerative diseases, and inflammation and metabolic diseases such as diabetes.

Funding Priorities

23. As sequencing technology is already well on the way to providing individual human genomes at an
aVordable price, the focus of government funding should be on developing the infrastructure to translate
genomic data in societal benefit. We reiterate the recommendations submitted by Roche Applied Science on
21 April 2008.

a) The need for further investment in IT infrastructure and training

The amount of raw data that is produced by genetic laboratories will continue to grow and grow at
a rapid rate, but it will need to be stored and analyzed if it is to be used eVectively. This has raised
key concerns within the research community:

— that investment in IT infrastructure has not kept pace with the development of technology, and,
in many research laboratories, the existing infrastructure that is in place will not be capable of
coping with the volume of data which will be generated; this appears to be a particular problem
in clinical genetics facilities in the NHS.

— that there are no bioinformaticians within the NHS to analyze the data and the environment
and a lack of IT infrastructure will hinder attempts to recruit such specialists.

— that there are not enough trained individuals capable of running the IT equipment.

Unless these issues are addressed, these weaknesses will become more and more exposed. In turn,
researchers will be unable to benefit from innovation in sequencing technology that is continuing
apace.

b) The need for nationwide databases

A second major barrier to the translation of genomic research is the lack of a UK-wide database for
storing sequencing information. Such a database would handle data from wherever it was produced
and be accessible to researchers up and down the country. In the absence of this kind of resource,
some laboratories have forged links independently and are sharing data, but there has been no
consistency of approach.
A nationwide database would require significant investment to establish and a permanent funding
stream to maintain, but the idea enjoys widespread support from across the research community.

c) Research and development funding has been focused on the “R” at the expense of the “D”

Over the last few years, funding for medical research has risen steadily, and will increase by a further
£1.7 billion by 2010–11 under the terms of the Comprehensive Spending Review. This is welcome,
but spending on development has not kept pace with spending on research—it is generally
acknowledged that funding has been focused on the “R” at the expense of the “D”.
Again, this has hampered eVorts to ensure the translation of genomic research into routine diagnostic
tests, and is a crucial weakness that has yet to be addressed. The increased funding for translational
research and the Biomedical Research Centres with an interest in genomics research will help to
address this.

d) The lack of a clear regulatory role

The pathway for approval of new drugs in the UK is well established with the National Institute for
Health and Clinical Excellence (NICE), but there is no NICE equivalent for diagnostics. The lack
of clarity regarding both the regulatory and commissioning pathways presents a serious barrier to
making novel molecular diagnostics available for clinical evaluation and use. However, we welcome
the discussions which have recently begun between the Department of Health, industry and other
key stakeholders to explore how this can be achieved, with the possibility of creating a single
evaluation pathway for diagnostics.

10 November 2008
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Memorandum by the Royal Academy of Engineers

Introduction

The Royal Academy of Engineering is pleased to contribute to the House of Lords Science and Technology
sub-committee’s inquiry into Genomic Medicine. This response has been compiled using contributions from
key Fellows of the Academy.

The Academy is content for its input to be made public and would be pleased to provide supplementary
evidence if required.

Responses to Specific Questions

1. What is the state of the science?

1.1 Genomic science has been driven by the completion of sequencing of the genome. There is strong
correlation in research between post-genomic analysis and the relationships between disease and specific genes.

1.2 A thorough analysis of the consequences arising from the multiple and systems-wide aspects of genomics
is needed. This progress is hindered by technical constraints and a lack of incentives to encourage
collaborations exploring the synergistic eVects across disciplinary boundaries.

2. Who is taking the lead in the consideration and co-ordination of research and the development of new technologies?

2.1 Research councils are taking the lead. This has been driven by academics on research council panels,
international academics and other interested bodies, including several charities (eg the Wellcome Trust and the
Leverhulme Trust).

2.2 There seems to be poor coordination between the various research councils and also with the NHS. This
is partly because research councils such as BBSRC, EPSRC and MRC have developed strong independent
strategic agendas of their own. However, interactions between research councils are improving.

3. How does research in the UK compare internationally? How much collaboration is there?

3.1 Research in the pure laboratory-based life sciences is strong in the UK. However, life sciences and
genomics in the USA are increasingly moving towards quantitative methods and analysis. This aspect of
genomic research is not yet strong in the UK. To make the most of post-genomic developments in a clinical
setting, it is vital that quantitative system-wide approaches, using better diagnostics and mathematical models,
are developed to help diagnosis and treatment.

3.2 The Royal Academy of Engineering would like to see a greater involvement of engineering and
engineering-based ideas to help drive the quantitative revolution necessary to make full use of genomic
developments in medicine.

3.3 The BBSRC in particular have invested in quantitative research, but there is some resistance from research
groups who focus on qualitative analysis of isolated genomic eVects. Collaboration is patchy and there is still
a tendency for research groups to work in isolation in order to demonstrate excellence.

3.4 There are some perceptions that the NHS research budget is unfocused and too targeted towards
clinical care.

4. What are the current research priorities?

4.1 We believe that others will be better suited to describing research priorities in detail. However it is worth
mentioning that systems biology is a relevant acknowledged priority of the BBSRC. This was also an area that
The Royal Academy of Engineering and the Academy of Medical Sciences highlighted as a key priority in the
report Systems Biology and Medicine: a vision for engineering and medicine103.
103 http://www.raeng.org.uk/news/publications/list/reports/Systems Biology Report.pdf
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5. What is the role of industry?

5.1 There is some very good industrial involvement occurring, particularly when specific gene targets are
found that can be rapidly commercialised. However industry will usually seek two-year returns at most and
so industrial involvement in more fundamental research areas is weak. It is unrealistic to expect industrial
support for front line clinical medicine in the public sector except where technological solutions can be
developed and sold.

6. What are the implications of developments in genomic technologies for the training of medical specialists and other
health professionals?

6.1 Molecular based medicine, which has arisen because of the major developments in molecular and cellular
biology and the advances in ICT and computing over the last 60 years, has led to a whole new era of medicine
developing.

6.2 Current medical school curricula are not directly related to these developments. Molecular and cellular
biology and genetics are taught, but they are usually not taught in relation to the rapidly developing fields of
genomics, proteomics and the other “omics” fields. A thorough review of the requirements for building human
resources in these areas is needed.

7. In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

7.1 The Royal Academy of Engineering, in collaboration with Engineering Council UK and a number of the
leading professional engineering institutions, has created a Statement of Ethical Principles104 to which it
believes all professional engineers and related bodies should subscribe. The Statement is fully compatible with
the principles in the UK Government Chief Scientific Adviser’s Universal Ethical Code for Scientists105.

7.2 The principles within the Statement and Universal Ethical Code for Scientists should guide the work of
scientists and engineers working with genomics.

7.3 The sharing of sensitive personal data is covered by a complex framework of laws, conventions and
guidance. Legal considerations include:

— the European Convention on Human Rights (ECHR) Article 8 which guarantees “respect for private
life, home and correspondence”;

— the Council of Europe Convention for the Protection of Individuals with regard to Automatic
Processing of Personal Data106;

— Directive 95/46/EC of the European Parliament and of the Council of 24 October 1995107 (the EC
Directive) on the protection of individuals with regard to the processing of personal data and on the
free movement of such data;

— the UK Data Protection Act 1998108, which purports to implement the EC Directive; and

— the judgment of the European Court of Human Rights in the recent case Copland v the UK109 which
ruled on the need for specific statutory authorisation and eVective monitoring of any sharing of
personal data without consent.

7.4 The combined eVect of these laws appears to require that processing of personal data requires informed
and explicit consent by the data subject or explicit and detailed authorisation by legislation coupled with
eVective monitoring to deter and detect abuse.

8. What are the implications of the generation and storage of genome data on personal data security and privacy, and
on its potential use or abuse in employment and insurance? How should these be addressed?

8.1 Genomic data is or may be sensitive personal data as it may reveal, for example, familial relationships,
ethnic origins, medical conditions, predisposition to medical conditions or possible personality traits. Even if
the data is anonymised (ie not linked to the individual’s name, address or other identifying attributes) it may
still be or become personal data if it is unique to one identified or identifiable natural person.
104 http://www.raeng.org.uk/policy/ethics/pdf/Statement of Ethical Principles.pdf
105 http://www.berr.gov.uk/dius/science/science-and-society/public engagement/code/page28030.html
106 European Treaty Series, Nos. 108 and 181
107 http://ec.europa.eu/justice home/fsj/privacy/docs/95-46-ce/dir1995-46 part1 en.pdf
108 http://www.opsi.gov.uk/acts/acts1998/ukpga 19980029 en 1
109 EuCtHR judgment of 3 April 2007, which became final on 3 July 2007
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8.2 “Processing” is defined very widely by the EC Directive, as “any operation or set of operations which is
performed upon personal data, whether or not by automatic means, such as collection, recording,
organisation, storage, adaptation or alteration, retrieval, consultation, use, disclosure by transmission,
dissemination or otherwise making available, alignment or combination, blocking, erasure or destruction”.
So even “anonymisation” of personal data is processing, and requires authorisation.

8.3 Data security includes data integrity (accuracy and protection from deliberate or accidental corruption),
confidentiality (protection from unauthorised disclosure) and availability (assurance that the data will be
available for authorised use when required and that access will not be prevented by unreliable systems or a
denial-of-service attack).

8.4 Data security is diYcult to achieve, expensive to implement eVectively, and may have serious implications
for the usability of systems that process the data. Security is diYcult to achieve because of the need to analyse
the possible ways in which security could be breached and to then create adequate barriers to such breaches.
In the case of computer-based systems, no practical amount of testing will provide a high degree of confidence
that the systems are secure, so confidence in security has to be based on rigorous analysis. This is generally
impracticable for commercial software because the necessary information is not available.

8.5 Security is expensive because the assurance activities require significant eVort from skilled staV. This is
because the data may need physical protection during collection, processing, archiving and destruction, and
because commercial oV-the-shelf systems may be inadequate. Security conflicts with ease of use because it is
necessary to authenticate legitimate users in order to protect against unauthorised disclosure. Personal data
must be held securely; otherwise the data controller cannot guarantee that there will be no unauthorised
processing.

9. Is other medical information recorded in a suitable format to allow optimal interpretation of genomic data? How
should genomic data be brought together with other health information?

9.1 Data formatting of medical and biological information is a complex issue. This has to be seen in the
context of the various levels of the human organism which essentially comprises systems, viscera, tissues, cells,
proteins and genes. This structure is often referred to as the Biological Continuum. At the upper levels of the
Biological Continuum (ie systems, viscera and tissues) there are now well established international standards
for data formatting. The key standard among these is the Digital Imaging and Communications in Medicine
(DICOM) standard.

9.2 At the cellular level, there are standards for both optical and electron microscopy. However at the lower
levels, ie the protein and gene levels, there is a wide range of standards. A significant amount of international
work is occurring to integrate and co-ordinate these standards.

9.3 Genomic data should be brought together with other health information. This integration forms the basis
of what is now termed “molecular based medicine” and it is only eVective if data is considered, wherever
possible and appropriate, across the Biological Continuum.

10. Is genomic information published, annotated and presented in a useful way? Should there be a common, public
database? If so, who should fund, and have responsibility for, such an initiative?

10.1 Any genetic information database should be developed through international collaboration. Genomics
present universal problems where data and understanding would need to be coordinated and shared
internationally.

10.2 If a public database were developed we would recommend that the issues surrounding data security (as
explained in section 8) are taken into consideration.

11. How useful will genomic information be as part of individualised medical advice? What provisions are there for
ensuring that the individual will be able to understand and manage genomic information, uncertainty and risk?

11.1 Genomic information is unlikely to be particularly useful at the level of the non-specialist. It is very
unlikely that the individual will be able to understand and manage pure genomic information data.

11.2 However, the interpretation of diagnostic data derived from genomic information will be useful for
individualised medical advice. This is comparable to diagnostics derived from other medical technologies.

April 2008
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Memorandum by the Royal Pharmaceutical Society of Great Britain

Introduction

The Royal Pharmaceutical Society of Great Britain (RPSGB) is the regulatory and professional body for
pharmacists in Great Britain. It has responsibilities in relation to the education, registration, conduct and
practice of pharmacists, and it registers and inspects pharmacies. The Society is also a Chartered body with
functions concerning the advancement of science and practice and the application of pharmaceutical
knowledge.

The RPSGB submitted detailed responses to the Human Genetics Commission’s consultations on the uses of
genetic information (2001) and genetic tests supplied direct to the public (2002). We have also submitted
responses to the NuYeld Council on Bioethics consultation entitled Pharmacogenetics: ethical issues (2003)
and to the Genetics White Paper: Three year review (2006). These responses are available on request from the
RPSGB.

Policy framework

Who is in charge of setting and reviewing policy in this area?
Who provides scientific advice on policy development?
Who monitors and anticipates potential scientific developments and their relevance to future policy? How effective are
these mechanisms?

The RPSGB Council sets all the Society’s policies. Scientific advice is primarily provided by the Chief Scientific
Advisor and the Science Advisor of the RPSGB. The Society’s staV work closely with the Society’s Science
Committee, an implementation committee of the Council, to implement and monitor policy. Any policy
development issues are considered in conjunction with the Society’s Policy Development Unit. The Society’s
responses have, in the past, influenced external policy development in governmental and other organisations;
examples include complementary therapies, cannabinoids, genetic testing and genetic information.

The Society endeavours to influence and add value to pharmaceutical policy development in a number of
ways. At the central Government level, the Society looks to influence policy development through: the
provision of briefings to members of parliament and to the All Party Parliamentary Group on pharmacy issues
and policy; responses to formal government consultations on pharmacy issues; and its relationships with key
central government health agencies including the Department of Health, the NHS, the Medicines and
Healthcare products Regulatory Agency.

At the national level, through its national boards and group committees (covering academic pharmacy,
veterinary pharmacy, community pharmacy, hospital pharmacy and industrial pharmacy) the Society is able
to canvas opinion and test policy perspectives from across the pharmacy family. The Society also participates
in a number of pharmacy forums including but not limited to; the Health Policy Forum, (established by the
RPSGB and run jointly by representatives from the Medicines and Healthcare products Regulatory Agency),
the Academy of Pharmaceutical Sciences and the Joint Pharmaceutical Analysis Groups (jointly sponsored
by the RPSGB and the Royal Society of Chemistry). The Society also convenes the annual British
Pharmaceutical Conference, which combines a forum on developments in the professional practice of
pharmacy with a major international platform for new work in the pharmaceutical sciences. The Society also
runs a Public Liaison Group, which engages the public in its work, and advises Council and comments on
policy proposals.

Use of genomic information in healthcare setting

What impact will genomic information have on the classification of disease?
How will it affect disease aetiology and diagnostic labels?

It is expected that the exponential growth in genetic information generated through research will continue to
contribute to the identification and classification of genes responsible for more known diseases and disabilities
(see for example “Breakthrough of the year—Human Genetic Variation”, Science 21 December 2007: Vol. 318.
no. 5858, pp. 1842—1843). Whilst some of these genes, such as those responsible for single gene disorders will
inevitably be directly associated to disease aetiology (spinocerebellar ataxias, early onset Alzheimer’s), others
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will be only one of several genes contributing to the susceptibility of developing the disease. As most common
and complex genetic diseases are dependent on environmental as well as genetic eVects, the use of diagnostic
labelling will depend on the strength of the genetic component as well as a range of environmental components.

How useful will genomic information be as part of individualised medical advice?

From the information that is available to us today, individualised medical advice can work well for certain
diseases such as the spinocerebellar ataxias and Huntington’s disease, however for other diseases, such as
diabetes and hypertension where a genetic history is clearly important but where the number of genetic and
environmental components involved in the predisposition to the disease is not, a diagnosis of elevated risk of
disease may only be possible. This may lead to realistic health advice, but may also make significant ethical
demands.

Individualised medical advice can also exist with relation to predicting response to specific drugs. In the case
of the drug Herceptin, a biomarker can be used to predict whether an individual will respond to the drug, this
clearly has huge benefits in terms of patient outcome and economics. However, pharmacogenetic testing, may
only work for certain drugs and for certain genetic profiles. In cases when pharmacogenetics is used, cautious
medical advice would be necessary to counter situations where there may be perceived “winners” and “losers”;
eg a loser being an individual who would today receive a particular drug but would not receive it in the future
if pharmacogenetic testing showed they had a low probability of responding to the drug. Any advice would
need to be presented with careful consideration and in probabilistic measures and should be executed in favour
of the patient. Such information could make significant contributions to health economic considerations.

What provisions are there for ensuring that the individual will be able to understand and manage genomic information,
uncertainty and risk?

We are aware that physicians are currently trained in genomic medicine and in dealing with and delivering
sensitive and diYcult information to patients as well as with providing counselling. Some of the challenging
decisions that physicians are having to face include justifying who should have the test, the need to consider
patient choice, consent of the test and the results, dealing with sensitive data, impact on the patient and their
family, knowledge of alternative treatments that are available and having an understanding of when and how
to refer to a specialist practitioner for treatment.

It is important that genetic data is deciphered correctly and that the public receive information only from
trained persons and other trustworthy, accredited sources. As more genomic information becomes available, a
wider range of health professionals will have an important role in translating genomics expertise for the public.
Pharmacists receive substantial education in genetics which provides a sound grounding for their contribution
to patient support (see further details below). From preliminary work that we have undertaken at the Society
relating to genomics and pharmacy practice, we see a clear role for pharmacists in genomic medicine. The
ready access of pharmacists in the community can ensure good patient information at both generic and
specific levels.

Should there be a regulatory code (mandatory or voluntary) covering the provision of this advice?

We are not aware of a regulatory code existing relating to this. However it would seem important that a
mandatory regulatory code existed. This would be useful at several levels namely protecting the public, safety
issues, and standardisation of tests. A regulatory code would also provide advice and guidance, which has been
based on expert opinion, to give confidence to the health care professional. Ethical considerations will have a
major bearing on codes of professional practice.

What are the implications of developments in genomic technologies for the training of medical specialists and other health
professionals? Are there any other gaps that need addressing? What is the assessment and planning for future needs in
capacity?

Technological developments are likely to translate into greater output with the evolution of more diagnostic
and predictive tests. This will have significant implications on specialist and health professional in the
understanding of the subject, interpretation of tests and more importantly care and support of patients.

The RPSGB together with the NHS National Genetics Education and Development Centre recently
undertook a scoping exercise to understand how pharmacogenetics could impact on pharmacy practice
(report in press). The participants represented a range of pharmacy stakeholders including representatives
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from community pharmacy, hospital pharmacy, education and industry. The outcome from this meeting
concluded that there was a role for the pharmacist in advising patients about pharmacogenetics and testing.
It was suggested that pharmacists working in specialist areas could also be involved in interpreting
pharmacogenetic test results, although they may require additional specialist training to do so. A range of
activities was identified that might form the basis of the pharmacist’s role in oVering pharmacogenetics
services, including critical appraisal of evidence, decision-making, sample handling, interpreting test-results
and providing counselling to patients. These activities may however require some additional training to ensure
that any new knowledge is applied to existing clinical skills.

We see a clear role for pharmacists in genetic testing. Pharmacy education has a strong scientific base as
acknowledged in the recent white paper entitled “Pharmacy in England: building on strengths-delivering the
future”. The RPSGB forsees a role for pharmacists in supplying and advising on pharmacogenetic tests. The
unique expertise of pharmacists lies in their in-depth knowledge of the properties, actions and uses of
medicines. Acquiring expertise in pharmacogenetic testing is in our view an appropriate extension of the core
role of a pharmacist for those wishing to take this on.

21 April 2008

Memorandum by the Sheffield Children’s NHS Foundation Trust

In SheYeld the Genetic services are managed and delivered within the Diagnostics Directorate as part of the
portfolio of specialist services. They include Cytogenetics, Clinical Genetics, Molecular Genetics, Biochemical
Genetics and Newborn Screening.

There are many issues which have already been appropriately covered by the response from the JCMG.
However there are some points which may benefit from further clarification or where we significantly diVer in
our response.

1. Configuration of Laboratory Services. The existence of 23 regional laboratories can no longer be justified
on past successes and existing service configurations but must be based on future potential and best value for
money. For example the expansion of genetics into mainstream medicine will increase and broaden the
strategic interactions of laboratory and clinician, but the introduction of robust electronic communication will
facilitate rationalisation and remote laboratories. This complex issue has begun to be addressed by the
UKGTN commissioning group regarding the impact of new technologies but will inevitably have to consider
wider issues of the services delivered on those technologies and the potential for future development. It is clear
that thought must be given to the configuration required now but also in 10–20 years time as too much
rationalisation will promote ad hoc local development, whilst too little will fail to deliver a cost eVective service
which competes well with the private sector.

2. Future commissioning models. With the developing NSCG and with enhancement of the role of the
UKGTN, there is a real potential for intelligent commissioning: Further development and strengthening of
these structures will inform and support Specialist Commissioning at an SHA level. It will be important
however, that in the near future the commissioning structure is reviewed as genetics becomes more mainstream.
There needs to be consideration if there is a point at which, and in what areas, laboratory genetics may no
longer be part of specialist provision. Would PCTs be commissioning some types of genetic testing and if so
how will this be informed and delivered?

3. Training and education in Genetics for Healthcare Scientists and other healthcare professionals.
Modernising Scientific Careers will clearly broaden the understanding of scientists in healthcare, and this will
ensure that genetics training will be more widely available. This recognises and supports the expanding role
of genetics in many disciplines and the need integrate genetic technologies in a cost eVective manner into many
disciplines. Training and education will be key but also will place significant demands on those who deliver
training and education in genetics. This must be addressed. However it will be beneficial to those finally
specialising in the genetic disciplines to have a better understanding of other disciplines, enhancing and
improving the services in all areas.

4. IT initiatives. There are specific IT requirements that are particularly relevant to Genetics but overall there
is a significant need for greater capacity for storage and retrieval of information, faster transfer of information
and far better integration. To date the IT agenda has been dominated by poor performance and delivery by
the IT sector which has drastically reduced expectation, often to the point well below what the IT systems can
deliver. It may be an appropriate time to start developing what the NHS systems need for the future and
making demands on the IT companies for the systems of the future.

In addition to these general points there are some more specific points that have in part been channelled
through the JCMG.
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Biochemical Genetics and Newborn Screening

— Enzymic and metabolite assays provide direct genetic information leading to genetic counselling and
pre-natal diagnosis in many patients. Indeed, newborn screening for conditions such as
phenylketonuria and sickle cell disease depend exclusively on these techniques while disorders such
as medium chain acyl CoA dehydrogenase deficiency and cystic fibrosis are primarily identified and
often confirmed by these approaches. This means that these diagnostic approaches are
overwhelmingly the predominant means of genetic testing in the UK at present with in excess of 3.0
m tests performed annually. The importance of this means of providing genetic information is
reflected in the inclusion of metabolic testing for inherited disorders and newborn screening within
Specialist Medical Definition set 20 but investment is severely lacking.

— It is important for the patient that these varying approaches are integrated and co-ordinated to
provide a seamless service and set of standards for the user. This is not the case at the moment, as an
example diVering turnaround times requirements apply and are addressed under diVering initiatives
eg “the six week diagnostic wait” does not apply for some forms of genetic testing.

— Training initiatives and funding for technological development are primarily aimed at molecular,
cytogenetic and clinical genetics while workforce planning and training for screening remains
unfounded within these initiatives. Some limited but valuable funds are available for biochemical
genetics. This may be addressed within Modernising Scientific Careers but it needs to be clearly
included in the discussion at the discipline-specific stage of planning.

— Direct support for the exploitation of new technologies such as Tandem Mass Spectrometry and their
implementation into practice could significantly extend the range of conditions accessible to
newborn screening. This approach is mandated in the USA and has been adopted by many countries
in Western Europe, the UK now lags significantly behind developed and developing countries in
this regard.

— High throughput whole population screening demands carefully designed IT support and an
integrated IT system linking Child Health Records Departments, Maternity Units and Screening
Laboratories. This is long overdue. The lack of investment of IT in this area aVects both the safety
and eYciency of these services.

— Many vulnerable services such as specialist diagnostic service dependent on enzyme assay are poorly
resourced and there is little resilience in the system with the real risk that new developments are
unavailable in the UK and some existing services may be under threat. There is a real opportunity
to develop these services both to serve the NHS and to pioneer healthcare technological innovation
as a means of income generation from overseas.

21 October 2008

Memorandum by the UK Intellectual Property Office (UK-IPO)

Executive Summary

The UK Intellectual Property OYce (UK-IPO) is responsible for the policy framework and the administration
of intellectual property rights (IPRs) in the UK.

As part of DIUS110 Science and Innovation Group the OYce is committed to playing an important role in
creating the conditions so that the maximum economic and social benefit can be extracted from IP. This
includes making the best use of patent data to support innovation.

The IPO is pleased therefore to support the House of Lord’s Select Committee on Science and Technology
inquiry into Genomic medicine in the UK. Patenting is a key marker of innovative activity and provides a
useful early insight into what technologies are developing and may emerge in the market-place.

In this report we provide information in response to four areas detailed in the Call for Evidence111 (See Annex
1): We outline the policy framework for patents concerning Genomic Medicine noting the restrictions and
variations regarding what can be patented in the medical field112 internationally. The report then provides a
detailed analysis of the genomic medicine patent landscape using information of patent records from all major
industrialised countries. The approach taken was to analyse the field of Genomic Medicine in terms of patents
110 Department of Innovation, Universities & Skills (DIUS)
111 http://www.parliament.uk/parliamentary committees/lords s t select/genomic.cfm
112 There are some diVerences between the US and Europe in relation to what types of inventions involving computer software, algorithms

and/or databases are considered to be patentable
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filed for inventions in eight areas of technology which feed directly into the development of this filed. These
were:

— Gene expression profiles.

— Human genes.

— Genes and regulatory sequences.

— Protein-protein interactions.

— SNP/haplotypes.

— Gene-related Algorithms/software.

— Modified animals.

— Protein structure.

This data was then used to respond to the questions from the Call for Evidence (see Chapters 4–9). Finally, in
Chapter 10, the patent landscape in relation to a cancer diagnosis and prognosis was considered.

The report shows:

— Genomic Medicine is an area of interest that is attracting significant interest worldwide. The leading
pharmaceutical companies from US, Europe (Germany, France, UK and Switzerland) and Japan are
all involved to a significant degree in filing patent applications in all the relevant areas of research.
Chinese companies have begun to emerge as a significant player, especially in the area of human
gene patents.

— A significant body of world-wide patent filings relevant to Genomic Medicine derives from UK
based pharmaceutical and biotechnology companies.

— The top five UK based patent applicants in Genomic Medicine are GLAXOSMITHKLINE,
ASTRAZENECA, SYNGENTA, ICI and the MEDICAL RESEARCH COUNCIL (MRC).

— The breadth and diversity of UK based research activity in Genomic Medicine is demonstrated by
the 161 UK patent applicants including 116 companies, 29 universities and 16 public research bodies/
charities.

— It is clear that UK academia displays a significantly higher proportion of patenting activity than the
world in general. However, the UK hospital sector does not.

— There is an intense web of collaboration giving rise to IP relevant to Genomic Medicine, usually
involving multiple publicly-funded bodies, such as universities, and often an industry partner. UK
corporate and university entities show a significant level of international collaboration. Noticeable
collaboration is also occurring between entities in the UK. All types of collaboration are seen, ie,
academic-corporate, academic-academic and corporate-corporate.

— By all measures examined, the UK has a high profile in Genomic Medicine. UK involvement in this
field displays a good cross-section of representatives from all business sectors including large
pharmaceutical companies, smaller biotechnology companies, universities and public sector
research institutes.

— Worldwide and UK Academic/research sector applicants lead in the area of modified animal patents,
whereas Worldwide and UK Corporate sector applicants lead in the seven other areas of technology
searched.

— Two of the areas of technology searched—Gene expression profiles and SNPs/haplotypes—which
concern the detection of alterations in DNA or RNA expression in the individual that can lead to
disease, have very important diagnostic applications. Both these areas show strong performance by
UK corporate entities. GlaxoSmithKline is the leading patent applicant worldwide in the area of
Gene expression profiles. GlaxoSmithKline, AstraZeneca and ICI are leading applicants (within the
top 14) in the area of SNPs/haplotypes.

Chapter 1: Introduction

Reference to “patents” throughout the report relates to both patent applications and granted patents unless
otherwise indicated.
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1. Structure of the Report

In Chapter 2 the report defines Genomic Medicine and considers its relationship to the wider field of
Genomics.

Chapter 3 contain an outline of the policy framework within which patents concerning Genomic Medicine can
be obtained. This includes a discussion of the restrictions regarding what can be patented in the medical and
genetic fields. Also there are some diVerences between the US and Europe in relation to what types of
inventions involving computer software, algorithms and/or databases are considered to be patentable.

Chapters 4–9 represent the main body of the report. Each of these chapters discusses a diVerent question from
the Call to Evidence issued by the House Of Lords Select Committee on Genomic Medicine113. The data used
to discuss and answer these questions is obtained from an analysis of the genomic medicine patent landscape.
Chapter 10 looks specifically area that will be relevant to the area of patents applied for.

Annex 1 list the questions from the call of Evidence that the report answers. Annex 2 provides information on
some of the data analysis methodology used.

The Annexes to Chapters 6, 7 and 10 contain further information, tables, and figures referred to in the main
text of these Chapters. The conclusions drawn in this report are based on the data in the Annexes as well as
that presented in the Chapters of the report.

2. Analysis of Patent Data

For this study we used the EPODOC database developed and maintained by the European Patent OYce
(EPO) as the source of patent related data. The EPODOC database encompasses published patent documents
derived from the majority of leading industrialised countries and patent organisations, for example the World
Intellectual Property Organisation, EPO and the African Regional Industry Property Organisation (ARIPO).

Patent applications are usually published 18 months after the patent has been applied for. Not all of these
applications will go on to be granted patents, for example, an applicant may allow a published patent to lapse
or may withdraw it, or the application may not successfully complete the appropriate patent grant process.

Although our search looked at patent data from 1995 to 2007, we have only presented data for the period 1995
to 2006 in this report. The data obtained for 2005 to 2007 is much less reliable than the data for the period
1995 to 2005. As patents are usually published 18 months after filing, the data reflects the time when the
information became available rather than when the research was carried out. Thus the data for 2005 may be
incomplete and that for 2006 and 2007 is incomplete.

A further limitation to note is that it can take up to a period of two years from the date of that a patent
application is made (or filed) for the invention described in each patent application to be fully classified and
so available for searching using databases such as EPODOC.

Further details regarding the methodology used for the analysis of the patent data are provided in Annex 3.

3. Analytical Tools used

The UK-IPO utilises patent information analysis software supplied by Thomson Scientific. The data presented
in this report was generated using Thomson Data Analyser (TDA).

Chapter 2: What is Genomic Medicine?

Genomic Medicine is best understood by first considering what is mean by the term genomics and then
considering the particular role of genomics in medicine.

1. Genomics

Genomics is the study of an organism’s entire genome114. This field includes eVorts to determine the entire
DNA sequence and gene map of organisms. In contrast, the investigation of single genes and their functions
and roles, a common part of today’s medical and biological research, does not fall into the definition of
genomics. However, genomics does include genetic, pathway, and functional information analysis designed to
elucidate the eVect on and response of the entire genome’s networks.
113 see footnote 102 for full details of the Call to Evidence
114 Genomics was established by Fred Sanger, a UK biochemist working in Cambridge, when his research group first sequenced the

complete genomes of a virus and a mitochondrion. His group established techniques of sequencing, genome mapping, data storage,
and bioinformatic analyses in 1970–1980s.
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Genomics is an area of research that has grown very rapidly since it the first gene sequence was published in
1972. This is summarised in Table 1. The culmination of this work has been the publishing last year of the
genome sequence of two individuals who have been very influential in the development of this science, James
D Watson and J Craig Venter.

Many genomes have been sequenced by various genome projects since 1972. As of September 2007, the
complete sequence was known of at least 1,879 viruses, 577 bacterial species and roughly 23 eukaryote
organisms, of which about half are fungi115. Most of the bacteria whose genomes have been completely
sequenced are problematic disease-causing agents, such as Haemophilus influenzae. Of the other sequenced
species, most were chosen because they were well-studied model organisms or promised to become good
models. Yeast (Saccharomyces cerevisiae) has long been an important model organism for the eukaryotic cell,
while the fruit fly Drosophila melanogaster has been a very important tool (notably in early pre-molecular
genetics). The worm Caenorhabditis elegans is an often used simple model for multicellular organisms. The
zebrafish (Brachydanio rerio) is used for many developmental studies at the molecular level and the flower
Arabidopsis thaliana is a model organism for flowering plants. The Japanese puVerfish (Takifugu rubripes) and
the spotted green puVerfish (Tetraodon nigroviridis) are interesting because of their small and compact
genomes, containing very little non-coding DNA compared to most species. Mammals such as the dog (Canis
familiaris), brown rat (Rattus norvegicus), and mouse (Mus musculus), are all important model animals in
medical research, while the chimpanzee (Pan troglodytes) genome is of great interest as our closest living
relative.

It is important to note that a genome does not capture the genetic diversity or the genetic polymorphism of a
species. For example, the human genome sequence in principle could be determined from just half the
information on the DNA of one cell from one individual. To learn what variations in genetic information
underly particular traits or diseases requires comparisons across individuals. This point explains the common
usage of “genome” (which parallels a common usage of “gene”) to refer not to the information in any
particular DNA sequence, but to a whole family of sequences that share a biological context.

Table 2.1

25 YEARS PROGRESS IN GENOME SEQUENCING—1972 TO 2007

Year Genome Comments

1972 The first sequence of a gene published—the Walter Fiers, Ghent, Belgium
gene for Bacteriophage MS2 coat protein

1976 The complete nucleotide sequence of a viral Walter Fiers, Ghent, Belgium
genome was published for Bacteriophage
MS2 RNA

1977 The first DNA based genome to be Frederick Sanger, Cambridge UK
sequenced in its entirety was that of
bacteriophage 0-X174; (5,368 bp)

1995 The first free living organism to be Robert Fleischmann, The Institute for
sequenced was the bacterium Haemophilus Genomic Research (TIGR), USA
influenzae (1.8 Mb)

2000 A rough draft of the human genome was Announced jointly by US president Bill
completed Clinton and British Prime Minister Tony

Blair on June 26, 2000
2003 Ongoing sequencing led to the

announcement of the essentially complete
genome in April 2003

2006 The sequence of the last chromosome was
published in the journal Nature.

2007 The complete DNA sequence of a single The DNA sequences of Craig Venter and
individual published for the first time. James D Watson both published in 2007

115 For up-to-date information regarding the number of genomes that have been sequenced please see the website of the US National
Institutes of health at http://www.ncbi.nlm.nih.gov/genomes/static/gpstat.html
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A major branch of genomics is still concerned with sequencing the genomes of various organisms, but the
knowledge of full genomes has created the field of functional genomics, which is mainly concerned with
patterns of gene expression116 during various disease conditions. The most important tools for this purpose
are (a) biological assays referred to as microarrays and (b) bioinformatics.

In May 2007, the New York Times announced that the full genome of DNA pioneer James D. Watson and
that of human genome project pioneer J Craig Venter were being made available for scientists to study.117 The
article noted that some believe that individual genome mapping is the gateway to personalized genomic
medicine. Knowledge of an individual person’s genome will help a great deal in identifying susceptibility to
certain disease conditions and likely reactions to therapy and treatment. The article also noted that Dr. Watson
said that he will make his entire genome available for researchers to study, with the single exception of his
apolipoprotein E gene, the status of which he does not wish to know because it may predispose a person toward
Alzheimer’s disease.

2. Genomic Medicine

In an article in the New England Journal of Medicine in 2002118, Genomic Medicine was defined in the
following manner:

“If genetics has been misunderstood, genomics is even more mysterious—what, exactly, is the
diVerence? Genetics is the study of single genes and their eVects. ‘Genomics’, a term coined only 15
years ago, is the study not just of single genes, but of the functions and interactions of all the genes
in the genome. Genomics has a broader and more ambitious reach than does genetics.

The science of genomics rests on direct experimental access to the entire genome and applies to
common conditions, such as breast cancer and colorectal cancer, human immunodeficiency virus
(HIV) infection, tuberculosis, Parkinson’s disease, and Alzheimer’s disease. These common
disorders arise from the interactions of multiple genes and environmental factors. They are thus
known as multifactor disorders.

Genetic variations in these disorders may have a protective or a pathologic role in the expression of
diseases.”

With all of the above in mind, the definition of Genomic medicine that the UK-IPO has used for the purposes
of this report is the application of the expanding knowledge of the human genome to medical practice. The
essential foundation of Genomic medicine is Genomics which for the purposes of this report is defined as the
study of the functions and interactions of all the genes in the genome, including their interactions with
environmental factors.

Chapter 3: The Policy Framework

This chapter considers the questions in the Call for Evidence related to the Policy Framework for Genomic
Medicine in so far as it relates to the granting of patents in this area of technology (see Annex 1).

Patenting Policy & Genomic Medicine

The UK Intellectual Property OYce is responsible for setting and reviewing policy on intellectual property
rights. The UK-IPO works with other Government departments, notably Department for Innovation,
Universities and Skills, the Department of Health and the Department for Business, Enterprise and
Regulatory Reform, and external stakeholders in advising Ministers on policy in relation to the patenting
of genes.

Under UK law, genes as they exist in the cells in human bodies cannot be patented. This is because patents
are not available for discoveries. However, inventions containing isolated genes which are identical to those
found in nature may be patented, provided that the criteria of novelty, inventive step and industrial application
are met. In addition, certain processes and things, such as modifying the germ line genetic identity of human
116 Gene expression is the process by which inheritable information from a gene, such as the DNA sequence, is made into a functional

gene product, such as protein or RNA. Several steps in the gene expression process may be modulated, including the transcription step
and the post-translational modification of a protein. Gene regulation gives the cell control over structure and function, and is the basis
for cellular diVerentiation, morphogenesis and the versatility and adaptability of any organism. Gene regulation may also serve as a
substrate for evolutionary change, since control of the timing, location, and amount of gene expression can have a profound eVect on
the functions (actions) of the gene in the organism.

117 The New York Times, May 31, 2007 see http://www.nytimes.com/2007/05/31/science/31cnd-gene.html? r%2&em&ex
%1180843200&en%19e1d55639350b73&ei%5087%0A&oref%slogin&oref%slogin

118 New England Journal of Medicine, Volume 347, pp 1512-1520 November 7, 2002, Number 19 see http://content.nejm.org/cgi/content/
full/347/19/1512
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beings, cannot be patented because their commercial exploitation would be contrary to the provisions in
patent law derived from the EU Directive on biotechnological inventions. This directive was produced to
clarify the scope of patenting biological material and to reflect the consensus views about the morality of
patents relating to this type of material. The way the UK-IPO examines patent applications relating to
biotechnological inventions is set out in guidelines.119 It should be noted, however, that bioinformatics
inventions often comprise software. Patents are not allowed in the UK and Europe for computer programs as
such, but inventions making a contribution beyond this can be patented. In contrast, the US does allow
patents for computer programs.

Some governments, research institutes and NGOs have raised concerns that the patenting of genetic inventions
would lead to excessive prices being charged, particularly for diagnostic tests, and less research being
conducted. There have also been some objections to the very notion of patenting genetic inventions per se. The
patent system seeks to provide a balance between granting a limited period of exclusivity in order to provide
an incentive to innovate, and the wider public interests in providing access to new technologies and technical
information. This is particularly appropriate in the area of biomedicine in which it may take many years to
develop a marketable technology that oVers benefit to patients.

In response to some of the concerns outlined above, OECD member countries agreed to Guidelines for the
Licensing of Genetic Inventions.120 The UK supported the drafting of these guidelines, which represent best
practice, with the aim of promoting innovation and research while maintaining appropriate access to health
products and services.

A research report conducted by the Intellectual Property Institute (IPI) in 2004 for the DTI supported the view
that the current law and practice in the UK met the needs of researchers.121 The report also found that there
was uncertainty about the scope of the patent research exemption. Such exemptions allow researchers to
conduct research on patented inventions without the permission of the patent holder, with the aim of
understanding and improving existing products and processes. The purpose of such an exemption is to lower
transaction costs, as a large number of patented materials are often required for the experiments. The Gowers
Review of Intellectual Property noted concern that follow-on innovation might be stifled by the lack of
certainty or by the royalty demands of patent holders.122 The UK-IPO will shortly publish an issues paper on
the current operation of the exemption.

While the Gowers Review highlighted some historical concerns about the patenting of genes, it indicated that
current policies for the scope of patents in this area were set at the right level and recommended that these
should be maintained.

Chapter 4: Search Strategy

This chapter explains the search strategy that was adopted to determine the patent landscape for genomic
medicine.

It is directed specifically towards answering the questions in the Call for Evidence related to Research &
Development (see Annex 1).

Search Strategy

As mentioned in the previous chapter, genomic medicine involves the application of the outcomes of research
into genomics to understand and develop treatments for multifactor conditions such as cancer and
Alzheimer’s disease.

In order to assess the state of development of genomic medicine in the UK, it is necessary to examine the work
being carried out within the field of genomics which provide an understanding of the genetic and
environmental factors that cause disease in humans and how these factors interact together to exert their eVect,
what model systems can be used to study how the disease develops and progresses, what model systems can
be used to study how these gene-derived conditions can be treated. The latter may involve various models
systems in animals or other living organisms as well as the use of computer based modelling techniques to
explore mechanisms and pathways of treatment.

For this reason, the search strategy developed looks at a number of diVerent areas of technology which all
contribute to the understanding of how genes work simultaneously.
119 http://www.ipo.gov.uk/biotech.pdf
120 http://www.oecd.org/dataoecd/39/38/36198812.pdf
121 Patents for Genetic Sequences: the competitiveness of current UK law and practice, http://www.berr.gov.uk/files/file10475.pdf
122 http://www.hm-treasury.gov.uk/media/6/E/pbr06 gowers report 755.pdf
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Eight diVerent areas were searched. A brief explanation of each of these areas and the connections between
them and their relevance to the field of Genomic medicine is provided below.

Human genes and genes and regulatory sequences

The area of human genes includes patents relating to isolated forms of human genes and the RNA and protein
molecules which they encode, together with their variants and fragments. Knowledge and understanding of
the human genome and its encoded proteins and RNA molecules is the basis of genomic medicine. This does
not, however, give the complete picture; all cells in the body have the same complement of genes, but the very
diVerent characteristics of diVerent cell types are largely a function of the diVerential regulation of this set of
genes, and the mechanisms behind this form the subject matter of the patents for genes and regulatory
sequences. Aberrant regulation of a gene or genes may be the cause of pathology, or a diagnostic feature of
pathology. Many patents in this area relate to methods of testing the eVects of DNA sequences on the
expression of genes in their vicinity. Identification of regulatory sequences may help understand the molecular
basis of diseases, and is also used to improve the eYciency of recombinant production of commercially and
medically important proteins in diVerent host organisms.

SNPs/haplotypes and gene expression profiles

The patents falling within the field of SNPs/haplotypes are concerned with genetic variation between
individuals, and its implications for predisposition, diagnosis, prognosis and treatment of human diseases.
Single nucleotide polymorphisms (SNPs) are single point diVerences or mutations in the genomic DNA
sequence that have been identified between individuals in the human population and a vast number are known.
Groups of linked SNPs are known as haplotypes—identification of haplotypes can be more technically
complex than individual SNPs, but can provide more significant diagnostic information. The identification
SNPs, and of correlations (whether causative or otherwise) between SNPs and diseases is a major field of
research, which has necessitated the development of research tools (such as microarrays) and associated
computer software and hardware to analyse the results. The methods and tools used for investigating SNPs
and haplotypes overlap with the technology used to investigate gene expression profiles. Gene expression
analysis measures quantitative diVerences in gene expression, by determining the presence or quantity of RNA
or protein molecules encoded by the genes in question. The detection of alterations in gene expression (whether
of a single gene or many genes) is a very important diagnostic tool, particularly in the detection and
characterisation of cancers.

Protein structure and protein-protein interactions

Proteins are responsible for catalysing most of the chemical reactions in the body, and transmitting and
receiving signals between cells. As such, they are the target molecules for most pharmaceuticals, and so
understanding of protein structure is critical for understanding the basis of their function, and developing
pharmaceuticals which modulate, enhance or inhibit their activity as required. Methods of analysing protein
structure include in vitro crystallisation and crystallography, and in silico computer modelling. Cellular
proteins do not act in isolation, and so the study of protein-protein interactions is critical for understanding
the molecular basis of diseases and the possible therapeutic targets. Such interactions include the interactions
between circulating hormones and the cell-surface receptors that bind them, and between the receptors and
the proteins within the cell that transmit and aVect the cell’s response to the hormonal signal.

Modified animals and algorithms and software

The final two areas both relate to developments in the tools available for research in genomic medicine.
Genetically modified animals have been produced to investigate mammalian development, to provide models
for human diseases, and to screen and test potential therapies and/or environmental hazards. The development
of algorithms and software has been an essential tool in identifying and characterising the vast amount of
sequence and other biological data, interpreting gene expression or mutation profiles, and modelling the
structures of biological molecules.
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A similar strategy was adopted by the US National Academy of Sciences in its recent study on Genomics and
its implications for Public Health.123

The searches were performed by identifying the relevant classification terms used in the ECLA and IPC
classification systems for patent applications to denote features in an area of technology relevant to Genomic
Medicine. These were searched in combination with a number of key words and expressions. Relevant
abbreviations, alternative names or synonyms were also included in each search. The searches were carried out
in the EPOQUE database at the UK-IPO.

Chapter 5: What is the state of the science? What new developments are there? What is the rate

of change?

Research and Development in the area of biotechnology has grown rapidly in the last 20 years and remains
very active. Patents are a useful indicator of innovative activity and there is a wealth of patent information on
biotechnology.

The numbers of patents for inventions in the general field of Biotechnology which includes Genomics and
Genomic Medicine represent a significant portion of the overall numbers of patents applied for in the last 20
years. In the period 1985–2000, the numbers of biotechnological patents have increased both in numeric terms
and as a portion of the overall numbers of patents applied for as indicated in Figure 5.1. Making allowance
for the fact that the figures from 2005–06 are incomplete124, it is clear there has been a decline in the numbers
of patents for biotechnological inventions since 2000 while the overall numbers of patent applied for have
remained steady.

The overall trend that can be observed includes an increasingly rapid rise in patent applications from the
technology’s infancy in the early 80s to a peak in around 1999–2002. Since then there has been a pronounced
down-turn in the total volume of patent applications in this field (even allowing for the artefacts of the method
referred to above).

This down-turn may have several causes; firstly there was a “biotechnology bubble”, and the after-eVects of
this may have led to more cautious investment and patent filing strategies. Secondly, changes in practice by
patent oYces worldwide may have led to a reduction in speculative patent filings, particularly relating to gene
and protein sequences. Patents are granted for inventions that are new, inventive and capable of industrial
application. The criteria used by patent oYces to determine inventiveness and industrial applicability (utility)
of newly isolated DNA or protein sequences have generally become stricter—in particular, most major patent
oYces would now require that a patent application discloses the function of a new gene sequence.

123 “Reaping the Benefits of Genomic and Proteomic Research: Intellectual Property Rights, Innovation, and Public Health”, report
by the Committee on Intellectual Property Rights in Genomic and Protein Research and Innovation, National Research Council,
US national Academy of Science, pp 100–132 and pp 169–171 (appendix B), available from http://www.nap.edu/
openbook.php?record id%11487&page%100 [accessed 20 Mar 2008]

124 The data are based on the priority year of the invention, that is year which best reflects when an invention was made. It should be noted
that patent applications are not usually published until 18 months after this priority date. In addition, the data is based on the ECLA
classification applied by the European Patent OYce—there is often a time-lag of up to a year before the ECLA mark is applied. The
eVect of this is that the sharp apparent fall in applications from 2005 onwards may in part an artefact of the data collection method.
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Figure 5.1

PATENT APPLICATIONS IN ALL AREAS COMPARED TO THOSE IN BIOTECHNOLOGY FOR
PERIOD 1985–2006 (SEE FOOTNOTE125)
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The eight technology areas relevant to Genomic Medicine all echo this trend as shown in Figure 5.2. The down
turn is most noticeable in relation to patents for new human genes. As can be seen from Figure 5.2, patent
filings in this area peaked earlier than in other fields (2000) and have rapidly declined since. This reflects in
part the reasons mentioned above, and in part a specific technical reason. The rapid rise in patent applications
for human genes reflects the explosion in human gene discovery in the years leading up to the full sequencing
of the human genome, completed in 2002. Since 2000, the rapid fall in new human gene patents reflects the
fact that it is unlikely that there are significant numbers of human genes still to be identified. Patent activity
in the field has instead increasingly focussed on the diagnostic uses of genetic information (eg, from SNP/
haplotypes data and gene expression profiles), the analysis of how genes and proteins interact with each other
(ie, genomics and proteomics126), and the use of transgenic animals as model systems.

125 Patent applications filed by earliest priority date, in all subjects vs Biotech (IPC classification marks A01K 67/027, A61K 38/, 38/, 48/,
C07K, C12N 9/, 15/, C12Q, G01N 33/48—33/98, C40B)

126 Proteomics is the large-scale study of proteins, particularly their structures and functions. The term “proteomics” was coined to make
an analogy with genomics, the study of the genes. The word “proteome” is a blend of “protein” and “genome”. The proteome is the
entire complement of proteins produced by an organism or system. This will vary with time.
Proteomics is often considered the next step in the study of biological systems, after genomics. It is much more complicated than
genomics, mostly because while an organism’s genome is rather constant, a proteome diVers from cell to cell and constantly changes
through its biochemical interactions with the genome and the environment. One organism has radically diVerent protein expression
in diVerent parts of its body, diVerent stages of its life cycle and diVerent environmental conditions. Another major diYculty is the
complexity of proteins relative to nucleic acids. E.g., in humans there are about 25 000 identified genes but an estimated (500 000
proteins that are derived from these genes. This increased complexity derives from mechanisms such as alternative splicing, protein
modification (glycosylation,phosphorylation) and protein degradation.
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Figure 5.2

OVERVIEW OF GENOMIC PATENT APPLICATIONS AFTER 1985

Genomic patent applications after 1985
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Most Cited Patents

To gain an insight into the state of the science, it is helpful to consider what kind of technology is being used
most widely within the research area of interest. Table 5.1 lists the most frequently cited patent documents
among patents in each of the eight areas of technology relevant to Genomic Medicine.

For each subject area the most frequently cited patent is shown, and the most frequently cited patent with a
UK inventor or applicant. It should be noted that several of these patents lead the citation lists in several
diVerent subject areas, emphasising the inter-dependence of research across these fields.

For example, US4683195 (CETUS) is the most-cited patent in the field of human genes, SNP/haplotypes and
gene expression profiles, while the closely related patent US4683202 (CETUS) is the most cited patent in the
field of algorithms and software. These two related patents both relate to the original invention of the
polymerase chain reaction (PCR). This is a method for amplifying specific sequences or regions of DNA, and
lies at the heart of most modern techniques for analysing, detecting and manipulating DNA and RNA
sequences. The leading citation for both genes and regulatory sequences, and protein-protein interactions,
relates to the yeast “two-hybrid” system. This is a method of detecting protein interactions, using reporter
genes to provide a detectable gene product when two proteins interact, and so utilises gene expression
technology to study protein-protein interactions. The leading citation for protein structure patents is a patent
which describes a computer based system to design recombinant proteins which can mimic the specific binding
activity of an antibody. Finally, the leading citation for modified animals is US4736866 (HARVARD), the
“Harvard Oncomouse”, which is a mouse genetically modified to be susceptible to cancer. These patents
indicate that the most significant patents in terms of long-term impact in the field tend to be those that
introduce new research tools or methods, rather than new discoveries of biological phenomena.

The most significant patents with a UK inventor and/or applicant are also listed, and again several of these
are cited across diVerent disciplines. The leading UK citation for SNP/haplotypes, gene expression profiles and
algorithms and software is WO89/10977 (ISIS INNOVATIONS/SOUTHERN), which relates to an array of
nucleic acid probes for detecting multiple sequences. Such arrays are very widely used for both SNP detection
and gene expression profiling, and they often require sophisticated computer based analyses to interpret the
results. EP0239400 (MRC/WINTER) is a method of making recombinant antibodies where the binding
specificity is manipulated by mutating particular regions of the antibody gene—this is significant both for the
structure of the antibody itself and its binding to its target antigen, and so is heavily cited in both the protein
structure and protein-protein interaction fields.
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WO02/04520 (INCYTE/HARLAND ET AL) describes the cloning and sequencing of 32 cell membrane
proteins, and is typical of the gene discovery patent applications that were filed in very large numbers as the
human genome project neared completion (the original priority date was 2000—the peak year for this type of
patent application). This is the leading citation with a UK inventor (working in collaboration with a US team)
in the field of human genes. WO90/08830 (ICI/BRIGHT ET AL)—heavily cited in the field of genes and
regulatory sequences—is a method of plant genetic modification. Finally WO88/00239
(PHARMACEUTICAL PROTEINS/CLARK ET AL) is a method of producing large quantities of useful
proteins by expressing them under the control of a DNA element which causes the protein to be secreted into
the milk of a recombinant sheep, potentially raising the possibility of “biopharming”.
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Chapter 6: Who is taking the lead in the consideration and co-ordination of research and the

development of new technologies?

By looking at the top 25 patent applicants in an area of technology, it is possible to gain an insight into who
the leading players are in this technology.

Figures 6.1 to 6.8 show the Top 25 patent applicants in each of the eight technology areas relevant to Genomic
Medicine. Figures 6.1–6.3 are included below as examples and Figures 6.4–6.8 are included in the Annex to
Chapter 6. Applicants identified by a red bar are UK companies or those with a significant UK research &
development operation, UK universities or UK research charities or public sector research institutes.

The eight technology areas relevant to Genomic Medicine can be ranked as shown in Table 6.1 on the basis
of patents filed.

Table 6.1

RANKING IN TERMS OF PATENT ACTIVITY OF THE EIGHT TECHNOLOGY AREAS
RELEVANT TO GENOMIC MEDICINE

Patent Activity Area Figure£

Ranking*

1 Gene expression profiles 6.1
2 Human genes 6.2

%3 Genes and regulatory sequences 6.3
%3 Protein-protein interactions 6.4

5 SNP/haplotypes 6.5
6 Algorithms/software 6.6
7 Modified animals 6.7
8 Protein structure 6.8

*measured in terms of patent applications filed
£Figures 6.4 to 6.8 are in Annex to Chapter 6

It is clear from a consideration of Figures 6.1 to 6.8 that Genomic Medicine is an area of interest that is
attracting significant interest worldwide. The leading pharmaceutical companies from US, Europe (Germany,
France, UK and Switzerland) and Japan are all involved to a significant degree in all the relevant areas of
research. This wide and significant level of interest is not surprising given that a greater understanding of how
genes and proteins interact together and with each other is essential to the understanding of disease and the
development of future therapies. Future treatments are likely to be much more personalised or tailored to the
patient’s genome in order to be eVective and reduce side eVects.
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Figure 6.1

TOP 25 APPLICANTS IN THE FIELD OF GENE EXPRESSION PROFILES

Top 25 Gene expression profiles patent applicants
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The greatest activity in relation to Genomic Medicine is taking place in the US. A significant number of the
top 25 applicants in each area are US based and include large US pharmaceutical companies, specialist
biotechnology companies, universities and research institutes. In general the majority of applicants in the top
25 in each area are from the corporate sector and are US companies.

In addition to US industry taking a significant interest in the research in all areas that are relevant to Genomic
Medicine, the US Government is also a significant patent applicant in each of these eight areas. The leading
academic sector applicant in all eight areas of technology is also based in the US, the University of California.
This is pointing to a significant investment of public and private funds in Genomics and Genomic Medicine
in the US to develop a significant research capacity in these areas and, in turn, to lay the foundation for a
significant commercial sector.

However, significant representation in the top 25 across all areas is found for applicants from Japan, France,
& UK. In only one area, was a significant Chinese presence noted, a specialist biotechnological company,
Shanghai BioWindow Gene Development is ranked 4th in the area of human gene patents (see Figure 6.2).
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Figure 6.2

TOP 25 APPLICANTS IN THE FIELD OF HUMAN GENES

Top 25 Human Gene patent applicants
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As indicated in Table 1, the greatest degree of patent activity in areas relevant to Genomic medicine, in terms
of patents applied for are in gene expression profile patents (see Figure 6.1) and human gene patents (see
Figure 6.2). The 25 leading applicants for gene expression profile patents are heavily involved in this area with
the top five ranked applicants having a very similar numbers of patents (see Figure 6.1). By contrast the top
ranked applicant in the area of human genes has over three times as many as the 2nd ranked (see Figure 6.2,
1439 patent applications v 437 patent applications) and each of the other applicants ranked in the top 25 has
significantly fewer patent applications than the correspondingly ranked applicant in the area of gene
expression profile patents (see Figure 6.1).

The leading players, especially the top six, in the area of human gene patents are specialist biotechnology
companies—the leading pharmaceutical applicant in this area is UK/US multinational pharmaceutical
company GlaxoSmithKline, in 9th place (see Figure 6.2).

The other area where there appears to be a significant number of specialist companies involved is that of gene-
related algorithms/software. As well as specialist biotechnology companies who have developed
bioinformatics databases and techniques (eg, Human Genome Sciences Inc, from the US, ranked 1st), the
leading electronics companies from the US, Europe and Japan are amongst the top 25 applicants in this area
(see Figure 6.6 in Annex to Chapter 6).
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Figure 6.3

TOP 25 APPLICANTS IN THE FIELD OF GENES AND REGULATORY SEQUENCES

Top 25 Genes and regulatory sequences patent applicants
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In contrast, the applicants in the area of gene expression profile patents represent a greater cross section of big
pharmaceutical companies, smaller biotechnology and specialised companies and universities or other public
research bodies. The leading player in this area is the large UK/US pharmaceutical company
GlaxoSmithKline (see Figure 6.1). This more diverse mixture of Top 25 applicants is also seen in the areas of
technology covered in Figures 6.4–6.8 (see Annex to Chapter 6).

It is only in the area of modified animal patents that there are more academic/research sector applicants that
corporate sector applicants (see Figure 6.7). This may indicate that this technology is still primarily directed
towards providing tools for basic research, for example by developing model systems in animals with or
without specific genes in order to study the eVects of such changes. Again the majority of these academic/
research sector applicants are US based. However, there are also academic/research sector applicants who are
based in Japan & Europe in the top 25. There are four academic/research sector applicants based in France
in the top 25 (ranked 5th, 12th 18th, 25th) and one corporate sector applicant (ranked 22nd). The leading UK
applicant is this area is the Medical Research Council, ranked 6th overall.

It is noticeable that UK based applicants are significant players in all eight areas of technology.

Two large pharmaceutical companies with significant UK based operations, US/UK multinational
GlaxoSmithKline and UK/Swedish multinational AstraZeneca are active in all eight areas of technology of
relevance to Genomic Medicine. Indeed GlaxoSmithKline is the leading applicant in the area of gene
expression profile patents (see Figure 6.2) and is ranked 2nd in gene-related algorithms/software (see Figure
6.7). Other UK companies active in some of these areas include SYNGENTA, ranked 17th, in the area of
genes and regulatory sequences patents (see Figure 6.3); and ICI, ranked 14th in the area of SNP/haplotype
patents(see Figure 6.4).
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The only UK based academic/research sector applicant making the top 25 is the Medical Research Council,
ranked 5th in modified animal patents (see Figure 6.7) and 25th in protein structure patents (see Figure 6.8).

The other European country, in addition to the UK, that has a significant representation in terms of both
corporate and research/academic applicants in the top 25 is France. French based academic/research sector
applicants are active in six of the eight areas relevant to Genomic Medicine as is one French based corporate
applicant (Sanofi-Aventis). While pharmaceutical companies with significant operations in other European
countries (Germany, Switzerland and Norway) such as Roche, Novartis AG, Bayer AG, NovoNordisk AS
and Hoescht AG are involved in research relevant to Genomic Medicine, no academic/research sector
applicants from these countries has made the top 25 in these areas (see Figures 6.1 to 6.8).

Chapter 7: How does research in the UK compare internationally? How much collaboration is

there Introduction?

Following on from Chapter 6, we can look in more detail at the distribution of the type of applicant for patents
in the eight areas of relevance to Genomic Medicine.

Figures 7.1–7.8 below show the distribution of patents applied for by sector, ie, corporate, academic,
government or hospital, for each of the areas of interest, both worldwide and for UK only.

Comparing the UK pattern of patent filings with the worldwide pattern for all eights areas of technology
relevant to Genomic Medicine, there are two significant diVerences. Firstly, the academic sector in the UK is
very strong and contributes a higher proportion of patent filings than in the rest of the world, in virtually all
the subject areas examined.

Secondly, there appears to be very little patent filing activity from the hospital sector in the UK, whereas
worldwide this is a minor, but still significant contribution to the total. Given the importance of clinical
research in developing and understanding disease conditions, it would be worth considering why this situation
arises. In the UK many hospitals, including all the major teaching hospitals, are closely linked to a university
medical school. As a result, patents arising from research work carried out in the hospital environment and
involving both clinical and academic researchers may be assigned to the University rather than the Hospital
Trust. Also, it is only recently that the UK National Health System has put in place a policy framework and
system for dealing with patents and other forms of IP. However, it is noticeable that 2 UK Hospital trusts have
begun to file patent applications in two areas of technology, (see entries 25 and 29 in Table 7.2 for Tayside
University Hospitals and St James & Seacroft University Hospitals respectivity.)

Table 7.1 lists all the UK-based corporate entities that have applied for patents in the eight areas of technology
relevant to Genomic Medicine. Table 7.2 lists the corresponding UK-based universities and Table 7.3 lists the
corresponding UK-based public research bodies/research institutes. These tables provide a clear illustration
of the breadth and diversity of UK based research activity in Genomic Medicine. Of the 161 UK entities
identified, 116 are companies, 29 are universities and 16 are public research bodies/ charities.

As the same patent may be included in more than one area given the degree of interdependence of these areas
of technology, the numbers of patents are indicative of each entities interest in these areas rather than an
accurate picture of the total number of UK patent filings per entity in each subject127.

In addition to the UK universities that are active in Genomic Medicine, the commercial sector in the UK
includes a number of highly active university spin-out companies, such as Isis Innovation and Imperial
College Innovations Limited, as well as a spin-out company formed by the John Innes Centre a public sector
research institute in the fields of agriculture and food. These companies are actively involved in the transfer
of technology and skills from the academic/public research sector to the commercial sector through licensing,
spin-outs and consulting.

Table 7.1 also shows that two UK hospital trusts, Tayside Universities Hospitals and St James & Seacroft
University Hospitals have begun to file patents in the area of gene expression profiles and SNP/haplotypes
respectively.

Having identified all the UK companies, universities and public bodies/charities involved in genomic medicine
related areas of technology, it is possible to map the degree to which these entities have been involved in
collaborating with other companies, universities and public bodies/charities.
127 for further explanation, see footnote 129.
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A collaboration map for each area of technology as indicated in below is shown in the Annex to Chapter 7
(see Figures 7.9 to 7.16).

Collaboration Map Figure
(in Annex)

Human gene patents 7.9
Protein structure patents 7.10
Gene expression profile patents 7.11
Genes and regulatory sequences 7.12
Protein-protein interactions 7.13
SNP/haplotypes 7.14
Algorithms/software 7.15
Modified animals 7.16

The general conclusion from a consideration of all eight collaboration maps is that UK entities are involved
in a large number of collaborations both within the UK and abroad. These collaborations involve UK entities
working with many of the top corporate and academic/public research entities in each area of technology of
relevance to Genomic Medicine as identified in Chapter 6 (see Figures 6.1–6.8). These collaborations involve
a good cross section of UK entities—large pharmaceutical companies, smaller specialised biotechnology
companies, universities, research charities and public bodies.

Figure 7.1
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Figure 7.3
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Figure 7.4
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Figure 7.5
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Figure 7.6
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Figure 7.7
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Figure 7.8
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Chapter 8: What is the role of industry? How much cross-sector collaboration takes place?

Patent applications provide information regarding the inventor and the applicant for the patent. The inventor
is the person or persons who carried out the work described in the patent application. This is usually the
research scientist working for a company or for a university or other research institute. The applicant is the
entity (usually a company, university or research institute) who is applying for the patent and who will become
the owner or proprietor of the granted patent. The inventor is often an employee of the applicant. The
applicant can also be referred to as the assignee of the patent as they are the company or other entity to which
ownership of the patent, once granted, will be assigned.

By considering the country of origin of the inventor and/or that of the proprietor/assignee of the patents
applied for in each of the areas of relevance to Genomic Medicine one can get an insight into the amount of
research and development that is taking place in a particular country.

Tables 8.1 to 8.8 below show the country of origin for the patent assignee and country of origin for the
inventor expressed as a % of the total number of patent applications128 for each of the eight areas of
technology relevance to the filed of Genomic Medicine. The Tables have been ordered on the basis of the UK
ranking for each area.

The inventor country data gives an indication of work that is carried out in the UK that leads to a patent
application. The inventors named on the patent applications from the UK may be working for a UK or a non-
UK based company.

Table 8.1

TOP 10 APPLICANT/INVENTOR COUNTRIES IN THE FIELD OF SNP/HAPLOTYPES

No. % of No. patent % of
Patent Assignee Country applications total Inventor Country applications total

United States 8,160 51% United States 8,436 47%
Germany 1,267 8% United Kingdom 1,489 8%
United Kingdom 1,167 7% Germany 1,423 8%
Japan 781 5% Japan 902 5%
France 716 4% France 799 4%
Canada 455 3% Canada 618 3%
China 439 3% China 475 3%
Switzerland 417 3% Netherlands 393 2%
Netherlands 330 2% Australia 376 2%
Australia 263 2% Switzerland 312 2%

Table 8.2

TOP 10 APPLICANT/INVENTOR COUNTRIES IN THE FIELD OF PROTEIN-PROTEIN
INTERACTIONS

No. % of No. patent % of
Patent Assignee Country applications total Inventor Country applications total

United States 10,939 58% United States 11,257 54%
Germany 1,238 7% Germany 1,449 7%
United Kingdom 1,126 6% United Kingdom 1,425 7%
Japan 1,062 6% Japan 1,266 6%
Canada 663 4% Canada 885 4%
France 534 3% France 563 3%
Switzerland 409 2% Switzerland 443 2%
Netherlands 341 2% Australia 350 2%
Denmark 323 2% Denmark 345 2%
China 231 1% Netherlands 337 2%

128 The data used to prepare Tables 8.1 to 8.8 is taken from the country code field in the EPODOC database. However, this is not fully
populated for all patent applications and these figures and % values are indicative only.
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Table 8.3

TOP 10 APPLICANT/INVENTOR COUNTRIES IN THE FIELD OF MODIFIED ANIMALS

No. % of No. patent % of
Patent Assignee Country applications total Inventor Countries applications total

United States 4,746 56% United States 4,947 52%
Japan 838 10% Japan 992 10%
United Kingdom 588 7% United Kingdom 739 8%
Germany 408 5% Germany 473 5%
France 373 4% France 403 4%
Canada 326 4% Canada 382 4%
Sweden 154 2% Australia 217 2%
Australia 151 2% Sweden 202 2%
Switzerland 129 2% Netherlands 154 2%
Netherlands 116 1% Switzerland 138 1%

Table 8.4

TOP 10 APPLICANT/INVENTOR COUNTRIES IN THE FIELD OF GENES AND REGULATORY
SEQUENCES

No. % of No. patent % of
Patent Assignee Country applications total Inventor Country applications total

United States 8,074 49% United States 8,259 46%
Japan 1,472 9% Japan 1,672 9%
Germany 1,343 8% Germany 1,492 8%
United Kingdom 977 6% United Kingdom 1,101 6%
France 806 5% Canada 821 5%
Canada 617 4% France 721 4%
China 470 3% China 503 3%
Switzerland 409 2% Korea 410 2%
Korea 335 2% Netherlands 387 2%
Netherlands 293 2% Switzerland 333 2%

Table 8.5

TOP 10 APPLICANT/INVENTOR COUNTRIES IN THE FIELD OF PROTEIN STRUCTURE

No. Patent % of No. patent % of
Patent Assignee Country applications total Inventor Country applications total

United States 2,403 54% United States 2,474 49%
Japan 378 8% Japan 439 9%
Germany 324 7% United Kingdom 435 9%
United Kingdom 312 7% Germany 351 7%
France 119 3% Canada 155 3%
Canada 117 3% France 153 3%
Netherlands 115 3% Netherlands 132 3%
Switzerland 114 3% Denmark 117 2%
Denmark 99 2% Belgium 105 2%
Belgium 85 2% Switzerland 95 2%
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Table 8.6

TOP 10 APPLICANT/INVENTOR COUNTRIES IN THE FIELD OF GENE EXPRESSION PROFILES

No. % of No. patent % of
Patent Assignee Country applications total Inventor Country applications total

United States 14,717 58% United States 15,896 56%
Japan 1,841 7% Japan 2,220 8%
Germany 1,713 7% Germany 1,999 7%
China 1,206 5% United Kingdom 1,366 5%
United Kingdom 1,156 5% China 1,266 4%
France 910 4% Canada 902 3%
Canada 702 3% France 854 3%
Netherlands 473 2% Netherlands 522 2%
Korea 387 2% Korea 477 2%
Switzerland 363 1% Australia 440 2%

Table 8.7

TOP 10 APPLICANT/INVENTOR COUNTRIES IN THE FIELD OF GENE RELATED
ALGORITHMS/SOFTWARE

No. Patent % of No. patent % of
Patent Assignee Country applications total Inventor Country applications total

United States 5,673 56% United States 6,407 54%
Japan 796 8% Japan 917 8%
Germany 585 6% Germany 640 5%
China 475 5% United Kingdom 534 5%
United Kingdom 423 4% China 510 4%
France 306 3% Canada 372 3%
Canada 283 3% France 348 3%
Switzerland 170 2% Switzerland 213 2%
Netherlands 157 2% Korea 184 2%
Korea 139 1% Israel 161 1%

Table 8.8

TOP 10 APPLICANT/INVENTOR COUNTRIES IN THE FIELD OF HUMAN GENES

No. Patent % of No. patent % of
Patent Assignee Country applications total Inventor Country applications total

United States 8,254 64% United States 8,478 60%
Japan 1,053 8% Japan 1,247 9%
China 1,009 8% China 1,044 7%
Germany 561 4% Germany 682 5%
France 359 3% United Kingdom 431 3%
United Kingdom 316 2% Canada 350 2%
Canada 271 2% France 345 2%
Switzerland 148 1% Switzerland 169 1%
Australia 126 1% Australia 168 1%
Sweden 122 1% Sweden 159 1%

It is clear from the inventor country data from all eight tables that the UK is a good location for carrying out
research in all the areas of technology of relevance to Genomic medicine. The UK is ranked in the top five for
all eight areas of technology. The US is ranked first in all eight areas, though this is not surprising given the
amount and number of US patent applicants in each area of technology (as discussed in Chapter 6). The UK
is ranked 2nd in terms of inventor country for SNP/haplotypes and 3rd for protein-protein interactions and
modified animals indicating particular strengths in these areas.
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The patent assignee country data gives an insight into the importance that companies in that country place
on a particular area of technology. Such companies are keen to have ownership of the technology described
in the patent if they consider such technology to be important for their future commercial operations.
Companies can achieve ownership of such technology through funding work to be carried out in
collaboration with scientists in the academic sector (universities, public research institutes) or by carrying out
the work themselves in their own research facilities. The analysis described in Chapter 7 has shown that UK
companies use both approaches.

Tables 8.1 to 8.8 indicate that UK companies consider the areas of technology of relevance to Genomic
Medicine to be important. UK patent assignees are ranked in the top six in each area of technology and these
rankings closely follow those for the inventor country data discussed above. The patent assignee country
ranking is generally the same or one place lower than the inventor country ranking for the same area of
technology. In the areas of modified animals, protein-protein interactions and genes and regulatory sequences
both are equally ranked (see Tables 8.2, 8.3 and 8.4), whereas as in the other five areas studied the patent
assignee country ranking was one place lower than the corresponding inventor country ranking, eg, the UK
ranks 2nd as inventor country and 3rd as for SNP/haplotypes patents (see Tables 8.1 and 8.5 to 8.8). This
indicates a good correlation between where the work described in the patent has been carried out and the
importance attached to its ownership.

The data also shows that China is emerging as a research centre in these areas of technology (as measured by
the data on inventors) and also that Chinese companies are playing a leading role in carrying out and
commissioning or funding research in these areas (as measured by the patent assignee data).

As was noted in Chapter 6, all the main pharmaceutical companies from other European countries are also
involved in work in these eights areas of technology. This is confirmed by both the inventor country and patent
assignee country data in Tables 8.1 to 8.8 where France, Germany and Switzerland are all ranked within the
top 10.

In all the areas of technology considered, the UK or Germany is the top ranked European country.

Chapter 9: What are the current research priorities?

In order to get an insight into what are the current research priorities in the eights areas of technology of
interest to Genomic Medicine, it is possible to analyse published patent data in terms of how the invention it
describes is classified to determine what are the key elements of the invention claimed and where the applicants
interest appears to lie.

All eight areas of technology were analysed and the ten most frequently used classification terms were
identified for patents filed in these areas over the last 10 years. These classification terms129 which are explained
in words on each of the Figures 9.1 to 9.8 provide a greater insight into the specific subject area of the
invention. It should be noted that the same patent application may be classified using more than one
classification mark in order to identify all the elements of an invention. For example, a patent for a diagnostic
method of detecting gene expression may also include the computer-based data analysis methods to interpret
the results. In addition, keywords as well as classification terms were used to select the patents in each of the
eight main subject areas. This means that where a classification term appears in more than one subject area,
the number of patents will not necessarily be the same in each graph. For example, probes for detecting cancer
may be directed towards detection of SNPs, detection of changes in gene expression or both.

Although I include the figures for 2005 and 2006, as noted earlier, these figures may not be complete. Thus
Figures 8.1 to 8.8 can be used to indicate the relative trends between subjects, rather than the absolute patent
filing trend.

129 Classification terms, referred to as ECLA classification marks, use a hierarchy of combined letter and numeric codes to identify a
particular feature of an invention. ECLA classification terms are applied to every patent application to identify all the elements of
interest in the invention including its application/use. There is often a delay between publication and assignment of all the classification
terms to a patent application. Hence the figures for 2006 are not likely to be complete.
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1. Human Gene Patents

Figure 9.1
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The number of patents for new mammalian genes and proteins peaked in 2000, with a rapid decline since. This
is likely to reflect the declining number of new human genes still to be identified following the Human Genome
Project. In addition, this group of patents includes patents for genes of unknown function, or patents claiming
large numbers of genes—developments in patent oYce practice in many countries have meant that patent
applications of this type are unlikely to be granted. Patents relating to specific types of human gene generally
show a similar pattern, although the relative decline is generally less steep. Cell surface receptor proteins are
the molecules which receive signals transmitted by hormones and are of particular interest as drug targets.
One class of such receptors of particular pharmacological interest is the receptors for neuromediators—these
are the targets of drugs such as Prozac (RTM) and Seroxat (RTM).
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2. Genes and Regulatory Sequences Patents

Figure 9.2
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Patents in this group relate to the use of recombinant DNA technology to express genes and produce proteins
in diVerent organisms and cells (for example for producing medically important proteins in a foreign host cell).
It also includes analysis of the regulatory sequences of genes. This is of great importance in understanding
the molecular basis of cell biology, development and disease, and in developing novel therapies. In addition,
identification of regulatory DNA sequences allows more eYcient production of recombinant proteins. For
this reason, this area of technology includes some patent applications relating to gene expression in organisms
such as bacteria, yeast and plants, which may be used for the production of medically important proteins. The
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largest class of patents concern reporter gene systems, which use easily detectable genes for measuring whether
a DNA sequence aVects gene expression, typically in in vitro cell culture assays. Patents in this area have been
in steady decline from 1998, which may indicate that this is a relatively mature technology—there are several
widely used and eVective reporter gene systems. Patent applications relating to in vivo gene expression systems
in transgenic animals show a later peak of around 2002–03, and a less steep decline, reflecting the continuous
development of this technology.



Processed: 29-06-2009 21:14:41 Page Layout: LOENEW [O] PPSysB Job: 411271 Unit: PAG1

609genomic medicine: evidence

3. SNP/Haplotypes Patents

Figure 9.3
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Single nucleotide polymorphisms (SNPs) are simply single diVerences or mutations in a given gene sequence
within the human populations—millions have been identified and a great deal of work has gone into
identifying them, improving the methods for SNP detection and investigating associations between SNPs and
human diseases. Very often diseases are associated with particular patterns of linked SNPs—these groups of



Processed: 29-06-2009 21:14:41 Page Layout: LOENEW [E] PPSysB Job: 411271 Unit: PAG1

610 genomic medicine: evidence

mutations are known as haplotypes, and detection of these is technically more complex. Within this area, it
is clear that the numbers of patents for mere detection of SNPs has been in steady decline since 1998. This
may in part reflect actual research trends and also patent oYce practice—patent applications which simply
identify large numbers of SNPs are unlikely to be granted. The focus of activity appears to have switched
towards diagnostic methods based on discoveries of correlations of SNPs and haplotypes with diseases, and
in particular cancer—these now represent the majority of patent filings in this area. Cancer diagnostics in
particular have shown very little decline in patent filings since 2001 (unlike the majority of biotech fields),
reflecting the clinical need for cheap and reliable early screening tests for cancer, given the importance of early
diagnosis in successful treatment.

A very large number of mutations can be screened at once using microarrays—chips carrying hundreds or
thousands of probes for diVerent SNPs. Patent filings in this area peaked in 2000 and have declined rapidly
since, which may indicate that this is now a mature technology. DNA-based cell and tissue typing—
particularly using probes for human leukocyte antigen (HLA) genes—remains a very active area of research.
This in part reflects the importance of immunological diVerences in HLA variations, which are very significant
for graft rejection and responses to treatments (personalised medicine).

A more detailed look at the top 50 companies filing in the area of SNP/ haplotypes patents is shown in
Table 9.1.
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4. Gene Expression Profiles Patents

Figure 9.4
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This area has considerable overlap with the analysis of SNPs and haplotypes, particularly in terms of types
of technology used to investigate gene expression. However, instead of looking at mutations at the DNA level,
gene expression analysis measures quantitative diVerences in gene expression (resulting in changes in RNA or
protein quantities). Patterns of gene expression are often correlated with specific diseases, while identification
of bacterial gene expression can be used for diagnosis of infectious diseases. Expression levels of particular
genes and proteins may be diagnostic for specific cancers (for example, PSA for prostate cancer and CA-25
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for ovarian cancer) and this is now the most significant single category in this field, with more filings than for
diagnostic gene expression tests for all other diseases. Bioinformatics analysis of expression data is also a very
active field.

5. Protein Structures Patents

Figure 9.5
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Analysis of protein structure facilitates the design of new drugs and the screening of old drugs for new
purposes. This is particularly significant for cell surface receptors, which receive and transmit signals between
cells and are very important as drug targets—patent filings in this area have remained strong. Structural
analysis of antibodies also remains a very active field—this is important for new biological drugs. Patent
applications for computer based protein structure and function analysis, on the other hand, rose rapidly to a
peak in 2001 but have since declined. This may in part reflect the diYculties of getting bioinformatics patents
in Europe.

6. Protein-Protein Interactions patents

Figure 9.6
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Following the sequencing of the human genome, there has been a switch in focus from how genes interact
(genomics) and the investigation of individual proteins to the study of the interaction of proteins
(“proteomics”)—patent filings in this area have remained strong, and generally show a later and broader peak
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than other biotech fields. Patents relating to the study of protein interactions in general peaked in 2001 and
have declined since, but patent filings relating to interactions of specific groups of proteins (for example,
receptors and their signalling pathways, or antibodies and their target antigens) remain strong.

7. Modified Animals Patents

Figure 9.7
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Patent applications relating to modified animals (primarily transgenic mice) show a broad plateau of activity
from 1999–2003 and this is still a very active field. There appear to be few significant diVerences in the trends
shown for the diVerent branches of this technology, which include transgenic animals designed to model
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human diseases, “knock-out” animals which are engineered to lack a specific gene, “knock-in” animals where
the native gene is replaced with the human equivalent, and chimeric animals containing cells from another
animal species.

8. Gene related algorithms/software Patents

Figure 9.8
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Bioinformatics patenting was relatively insignificant 10 years ago, but increased very rapidly to peak around
2001, since when it has declined quite rapidly. This may in part reflect the diYculties of getting bioinformatics
patents granted, particularly in Europe (including the UK), where inventions which solely relate to
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mathematical models or computer programmes are not patentable. Most of the subgroups within this field
follow this broad trend, though the peak of activity for gene sequence analysis was slightly earlier (reflecting
the trend for gene and protein discoveries). The use of bioinformatics to investigate the function of proteins,
on the other hand, has a later peak and remains a very active field, as does the analysis of complex biological
systems. Computer-based technology clearly plays a very important role in biomedical research, but at the
same time genetic knowledge is also informing software development through the development of computer
systems based on biological models—activity in this field has been very significant in recent years.

Chapter 10: What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

Cancer Diagnostics

While it is not possible to answer the above question directly from analysing the Genomic Medicine patent
landscape, it is possible to look at specific areas of interest within an area of technology of relevance to
Genomic Medicine to see if and where patents which relate to diagnostic and prognostic probes for specific
diseases are classified.

One disease where there is a particular interest in the development of diagnostics is cancer. There are two areas
of technology where inventions which describe probes for cancer are classified. Table 10.1 (see Annex to
Chapter 10) lists all the companies, universities or research institutes/charities that have filed patents in the
areas of SNP/haplotypes and Gene expression profiles, specifically directed towards cancer, its diagnosis and/
or its prognosis. Taken together these two areas of technology provide ways to utilise developments in
genomic analysis technology to identify predisposition to cancer, to detect and identify cancerous cells in the
body, and also to indicate the stage, prognosis and optimum therapeutic strategy for cancer. Cancer
diagnostics have been chosen as a case study as this is a specific area in which patenting activity has been highly
active and remains so, despite the recent down-turn in patent applications in some other fields of
biotechnology.

Moreover, cancer diagnostics is an area in which Genomic Medicine has already been at the heart of
significant developments which have already impacted on treatments and survival rates, and more
developments are in the pipeline. For example, predisposition to breast cancer caused by mutations in the
Brca-1 and Brca-2 genes can be determined and more intensive screening, or even prophylactic surgery, can
be instigated. Survival rates for most cancers are critically dependent on the stage of the cancer at diagnosis
and aberrant expression of genes and proteins (eg CA-125 for ovarian cancer) can be an invaluable diagnostic
indicator. The development of cancer is in most cases caused by multiple genetic changes, and can cause
changes in expression in multiple genes, and so microarray technology may have an important diagnostic role
to play.

Moreover, molecular characterisation of the cancer is important for determining the optimum therapeutic
approach—for example, Herceptin (RTM) is only eVective for the treatment of breast cancer where the cancer
cells over-express the ErbB2 receptor protein. In addition, one of the major challenges in prostate cancer
treatment is distinguishing between slow growing cancers (for which no treatment may be needed or desirable
for elderly patients) and more aggressive cancers that should be targeted by surgery, radiotherapy or hormone
treatment.

Of the 313 entities worldwide that have applied for patents concerning cancer diagnosis or prognosis and are
listed in Table 10.1, a total of 19 are UK-based. Table 10.2 below shows all the UK entities (companies,
universities or research institutes/charities) that have filed patents concerning cancer diagnosis or prognosis
These UK based entities represent a mixture of small biotechnology companies, large pharmaceutical
companies, universities, cancer charities and public research institutes.
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Table 10.2

NUMBERS OF PATENT APPLICATIONS FILED BY UK ENTITIES FOR NUCLEIC ACID-BASED
CANCER DIAGNOSTICS

Probes for
mutations

Probes for related to
UK COMPANY/UNIVERSITY/INSTITUTION NAME cancer< cancer$

1. VISIBLE GENETICS INC 23 13
2. ASTRAZENECA AB 16 4
3. CANCER RESEARCH UK 15 2
4. GLAXOSMITHKLINE 4 5
5. GENOSTIC PHARMA LTD 7
6. ICI PLC 5
7. ISIS INNOVATION 2 3
8. SYNGENTA AG 3
9. TAYSIDE UNIVERSITY HOSPITALS 3
10. GEMINI RESEARCH LIMITED 2
11. RANDOX LAB LTD 2
12. UNIV LONDON 1 1
13. UNIV MANCHESTER 2
14. UNIV WALES 2
15. GEMINI GENOMICS PLC 1
16. UNIV BELFAST 1
17. UNIV BRISTOL 1
18. UNIV LEEDS 1
19. YORKSHIRE CANCER RES 1

< Taken from the SNP/Haplotypes area of technology
$ Taken from the Gene Expression profiles area of technology

April 2008

Supplementary memorandum by the UK Intellectual Property Office (UK-IPO)—ANNEXES

Annex 1

Questions from Call to Evidence Answered in this Report

Responses are provided in this report to the following Questions from the Call of Evidence issued by the House
of Lords Select Committee on Genomic Medicine:

Policy Framework—SEE CHAPTER 3

Who is in charge of setting and reviewing policy in this area?

Who provides scientific advice on policy development? Who monitors and anticipates potential scientific
developments and their relevance to future policy? How eVective are these mechanisms?

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

In what way is science and clinical policy decision-making informed by social, ethical and legal considerations?

How does the framework compare internationally?

Research and Scientific Development—SEE CHAPTERS 4–9
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What is the state of the science? What new developments are there? What is the rate of change? [see CHAPTER 5]

Who is taking the lead in the consideration and co-ordination of research and the development of new technologies? [see
CHAPTER 6]

How effective is the policy and investment framework in supporting research in this area?

How does research in the UK compare internationally? How much collaboration is there? [see CHAPTER 7]

What are the current research priorities? [see CHAPTER 8]

What is the role of industry? How much cross-sector collaboration takes place? [see CHAPTER 9]

Translation—SEE CHAPTER 10

What opportunities are there for diagnostics, therapeutics and prognostics—now and in the future?

Annex 2

Methodology used in Data Analysis

Data cleaning of Patent Assignee/Company Name data (see Chapter 8)

The data collected in relation to the patent assignee (ie company names) was subjected to a data cleaning
process. This data cleaning process uses an automated algorithm and a manual method of assignment. The
automated algorithm could introduce unaccounted for errors in the data sets though these errors are generally
small when compared with the total number of patent records processed. Furthermore, due to time constraints
only applicants with three or more patent applications were considered when cleaning this data (this does not
aVect the overall figures in the main genomics graph or the country tables).

There may also be similar errors arising when assigning the type of applicant (eg academic, corporate,
government etc) as this is also done using a combination of a manual system and an automated algorithm.

The determination of whether an applicant or an inventor may also be incomplete because the country code
field used within the EPODOC database is not fully populated.

Annex to Chapter 6

Figures 6.4–6.8

TOP 25 PATENT APPLICANTS

Area Figure

Protein-protein interactions 6.4
SNP/haplotypes 6.5
Algorithms/software 6.6
Modified animals 6.7
Protein structure 6.8
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Figure 6.4

TOP 25 APPLICANTS IN THE FIELD OF PROTEIN-PROTEIN INTERACTIONS

Top 25 Protein-protein interactions patent applicants
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Figure 6.5

TOP 25 APPLICANTS IN THE FIELD OF SNPS / HAPLOTYPES

Top 25 SNP/haplotypes patent applicants
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Figure 6.6

TOP 25 APPLICANTS IN THE FIELD OF GENE-RELATED ALGORITHMS/SOFTWARE

Top 25 Gene-related algorithms/software patent applicants
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Figure 6.7

TOP 25 APPLICANTS IN THE FIELD OF MODIFIED ANIMALS

Top 25 Modified animals patent applicants
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Figure 6.8

TOP 25 APPLICANTS IN THE FIELD OF PROTEIN STRUCTURES

Top 25 Protein structure patent applicants
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Annex to Chapter 7

Figures 7.14–7.18

COLLABORATION MAPS

Collaboration Map Figure (in Annex)

Human gene patents 7.9
Protein structure patents 7.10
Gene expression profile patents 7.11
Genes and regulatory sequences 7.12
Protein-protein interactions 7.13
SNP/haplotypes 7.14
Algorithms/software 7.15
Modified animals 7.16

Please Note: The eight collaboration maps below show all the entities involved in collaborations with at least
one UK entity. The size of the (blue) dot representing each entity is proportional to the total number of patent
applications filed by that entity or assigned to it. Thus, in general, the large pharmaceutical companies like
GlaxoSmithKline show larger dots than those of the academic entities like the University of Manchester, as
in Figure 7.9, the collaboration map for UK entities in the human gene patents field. However, not all of the
patents represented by the (blue) dot are involved in collaborations. The entities involved in collaborations
are joined by a broken or full line, the thickness of which indicates the degree or strength of collaboration
between them.

Short broken line (– – – –) % ' 25%
Long broken line (— — —) % 25-50%
Narrow full line (———) % 50-75%
Thick full line (–) % ( 75%
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Figure 7.9

COLLABORATIONS FOR UK COMPANIES IN THE HUMAN GENE PATENTS FIELD
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Figure 7.10

COLLABORATIONS FOR UK COMPANIES FILING IN THE PROTEIN STRUCTURE PATENTS
FIELD
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Figure 7.11

COLLABORATIONS FOR UK COMPANIES FILING PATENTS IN THE FIELD OF GENE
EXPRESSION PROFILES
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Figure 7.12

COLLABORATIONS FOR UK COMPANIES IN THE FIELD OF GENES AND REGULATORY
SEQUENCES

Auto-Correlation Map
Patent Assignees (Cleaned, gr...

Top links shown
> 0.75 18 (0)
0.50 - 0.75 20 (0)
0.25 - 0.50 31 (0)
< 0.25 36 (28)

US ARMYUS ARMY

UNIV ZUERICHUNIV ZUERICH

UNIV YALEUNIV YALE

UNIV WARWICKUNIV WARWICK

UNIV WALES MEDICINEUNIV WALES MEDICINE

UNIV MANCHESTERUNIV MANCHESTER

UNIV LONDONUNIV LONDON

UNIV LEICESTERUNIV LEICESTER

UNIV LEEDSUNIV LEEDS

UNIV GLASGOWUNIV GLASGOW

UNIV EDINBURGHUNIV EDINBURGH

UNIV DUNDEEUNIV DUNDEE

UNIV CARDIFFUNIV CARDIFF

UNIV CAMBRIDGE TECHUNIV CAMBRIDGE TECH

UNIV CALIFORNIAUNIV CALIFORNIA
UNIV BUCKINGHAMUNIV BUCKINGHAM

UNITED KINGDOM GOVERNMENTUNITED KINGDOM GOVERNMENT

UNILEVER PLCUNILEVER PLC

UNIV ZURICHUNIV ZURICH

TWYFORD SEEDS LTDTWYFORD SEEDS LTD

TNOTNO

THROMBOSIS RES INSTTHROMBOSIS RES INST

UNIV TEXASUNIV TEXAS

TCS CELLWORKS LTDTCS CELLWORKS LTD

SYNGENTA LTDSYNGENTA LTD

SHELL INT RESEARCHSHELL INT RESEARCH

SEPTEGEN LTDSEPTEGEN LTD

SECR DEFENCESECR DEFENCE

SCOTTISH CROP RESEARCH INSTSCOTTISH CROP RESEARCH INST

SCIENT GENERICS LTDSCIENT GENERICS LTD

SCHERING AGROCHEMICALS LTDSCHERING AGROCHEMICALS LTD

ROSLIN INST EDINBURGHROSLIN INST EDINBURGH

UNIV ROCKEFELLERUNIV ROCKEFELLER

RHONE POULENC SANTERHONE POULENC SANTE

TRUSTEES OF THE UNIVERSITY OFTRUSTEES OF THE UNIVERSITY OF

PROLIFIX LTDPROLIFIX LTD

POWDERJECT RES LTDPOWDERJECT RES LTD

PLANT BIOSCIENCE LTDPLANT BIOSCIENCE LTD

PFIZERPFIZER

OXFORD BIOMEDICA LTDOXFORD BIOMEDICA LTD

UNIV NORTH CAROLINAUNIV NORTH CAROLINA

NICKERSON INT SEEDNICKERSON INT SEED

NICKERSON BIOCEM LTDNICKERSON BIOCEM LTD

NAT RES DEVNAT RES DEV

MONSANTO UK LTDMONSANTO UK LTD

MOLECULAR LIGHT TECH RES LTDMOLECULAR LIGHT TECH RES LTD

ML LAB PLCML LAB PLC

MINI AGRICULTURE & FISHERIESMINI AGRICULTURE & FISHERIES

MICROSCIENCE LTDMICROSCIENCE LTD

MEDICAL RES COUNCILMEDICAL RES COUNCIL

MATHILDA & TERENCE KENNEDY INSMATHILDA & TERENCE KENNEDY INS

LEIV EIRIKSSON NYFOTEK ASLEIV EIRIKSSON NYFOTEK AS

JAPAN TABACCO INCJAPAN TABACCO INC

INST OF MOLECULAR AGROBIOLOGYINST OF MOLECULAR AGROBIOLOGY

INNES JOHN CENTRE INNOV LTDINNES JOHN CENTRE INNOV LTD

IMPERIAL COLLEGEIMPERIAL COLLEGE

IMP COLLEGE INNOVATIONS LTDIMP COLLEGE INNOVATIONS LTD

ICI PLCICI PLC

HUTCHINSON FRED CANCER RESHUTCHINSON FRED CANCER RES

HORTICULTURE RES INTERNATHORTICULTURE RES INTERNAT

HEALTH LAB SERVICE BOARDHEALTH LAB SERVICE BOARD

HARVARD COLLEGEHARVARD COLLEGE

GLAXOSMITHKLINEGLAXOSMITHKLINE

GERON CORPGERON CORP
GENTRONIX LTDGENTRONIX LTD

GENDAQ LTDGENDAQ LTD

EVOLVA LTDEVOLVA LTD

DU PONTDU PONT

DOMANTIS LTDDOMANTIS LTD

DNA LANDMARKS INCDNA LANDMARKS INC

DIVERSA CORPDIVERSA CORP

DIATECH LTDDIATECH LTD

DELTA BIOTECHNOLOGY LTDDELTA BIOTECHNOLOGY LTD

CYCLACEL LTDCYCLACEL LTD

CXR BIOSCIENCES LTDCXR BIOSCIENCES LTD

COBRA THERAPEUTICS LTDCOBRA THERAPEUTICS LTD

CIBA GEIGY AGCIBA GEIGY AG

CENTRE NAT RECH SCIENTCENTRE NAT RECH SCIENT
CELLTECH LTDCELLTECH LTD

CEDARS SINAI MEDICAL CENTERCEDARS SINAI MEDICAL CENTER

CANTAB PHARMA RESCANTAB PHARMA RES

LUDWIG INST CANCER RESLUDWIG INST CANCER RES

CANCER RESEARCH UKCANCER RESEARCH UK

CAMBRIDGE BIOTECH CORPCAMBRIDGE BIOTECH CORP

BTG INT LTDBTG INT LTD

BP NUTRITIONBP NUTRITION

BIOVEX LTDBIOVEX LTD
BIOTICA TECH LTDBIOTICA TECH LTD

BIOTAL LTDBIOTAL LTD

BIOINNOVATION LTDBIOINNOVATION LTD

BIOGEMMA UK LTDBIOGEMMA UK LTD
ASTRAZENECA ABASTRAZENECA AB

APPLIED RESEARCH SYSTEMSAPPLIED RESEARCH SYSTEMS

APPLIED GENE TECHNOLOGIES INCAPPLIED GENE TECHNOLOGIES INC

AGRICULTURAL GENETICS COAGRICULTURAL GENETICS CO

AGREVO UK LTDAGREVO UK LTD

AFFYMAX TECH NVAFFYMAX TECH NV

ADVANTA TECH LTDADVANTA TECH LTD

CAMBRIDGE ADVANCED TECHCAMBRIDGE ADVANCED TECH

ACTINOVA LTDACTINOVA LTD
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Figure 7.13

COLLABORATIONS FOR UK COMPANIES IN THE FIELD OF PROTEIN-PROTEIN
INTERACTION

Auto-Correlation Map

Patent Assignees (Cleaned, gr...

Top links shown
> 0.75 7 (0)
0.50 - 0.75 8 (0)
0.25 - 0.50 13 (0)
< 0.25 25 (0)

WISCONSIN ALUMNI RES FOUNDWISCONSIN ALUMNI RES FOUND

WHITEHEAD BIOMEDICAL INSTWHITEHEAD BIOMEDICAL INST

VISIBLE GENETICS INCVISIBLE GENETICS INC

UNIV YALEUNIV YALE

UNIV STRATHCLYDEUNIV STRATHCLYDE

UNIV READINGUNIV READING

UNIV PORTSMOUTHUNIV PORTSMOUTH

UNIV NOTTINGHAMUNIV NOTTINGHAM

UNIV NORTH CAROLINAUNIV NORTH CAROLINA

UNIV MARYLANDUNIV MARYLAND

UNIV MANCHESTERUNIV MANCHESTER

UNIV LONDONUNIV LONDON
UNIV GLASGOWUNIV GLASGOW

UNIV EDINBURGHUNIV EDINBURGH
UNIV DUNDEEUNIV DUNDEE

UNIV CAMBRIDGE TECHUNIV CAMBRIDGE TECH

UNIV CALIFORNIAUNIV CALIFORNIA

UNIV BRISTOLUNIV BRISTOL

UNIV BELFASTUNIV BELFAST

UNIV BATHUNIV BATH

UNIV ABERDEENUNIV ABERDEEN

UNILEVER PLCUNILEVER PLC

TRINITY COLLEGE DUBLINTRINITY COLLEGE DUBLIN

TEXAS A & M UNVERSITY SYSTEMTEXAS A & M UNVERSITY SYSTEM

SPEYWOOD LAB LTDSPEYWOOD LAB LTD

SENSE PROTEOMIC LTDSENSE PROTEOMIC LTD

UK GOVERNMENTUK GOVERNMENT

SB PHARMCO INCSB PHARMCO INC

SANGAMO BIOSCIENCES INCSANGAMO BIOSCIENCES INC

RIBOTARGETS LTDRIBOTARGETS LTD

UNIV TEXASUNIV TEXAS

PROLIFIX LTDPROLIFIX LTD

PLANT BIOSCIENCE LTDPLANT BIOSCIENCE LTD

PEPTIDE THERAPEUTICS LTDPEPTIDE THERAPEUTICS LTD

PEPTECH LTDPEPTECH LTD

OXFORD GLYCOSCIENCES UK LTDOXFORD GLYCOSCIENCES UK LTD

NOVARTIS AGNOVARTIS AG

NEUROCRINE BIOSCIENCES INCNEUROCRINE BIOSCIENCES INC

NAT INST OF ADV IND & TECHNOLNAT INST OF ADV IND & TECHNOL

MICROBIOLOGICAL RES AUTHORITYMICROBIOLOGICAL RES AUTHORITY
MEDICAL RES COUNCILMEDICAL RES COUNCIL

MASSACHUSETTS INST TECHNOLOGYMASSACHUSETTS INST TECHNOLOGY

LEVER HINDUSTAN LTDLEVER HINDUSTAN LTD

KUDOS PHARM LTDKUDOS PHARM LTD

KING S COLLEGE LONDONKING S COLLEGE LONDON

ISIS INNOVATIONISIS INNOVATION

INTERPHARM LAB LTDINTERPHARM LAB LTD

INPHARMATICA LTDINPHARMATICA LTD

INHIBITEX INCINHIBITEX INC

INDIANA UNIVERSITY & TECHNOLOGINDIANA UNIVERSITY & TECHNOLOG

IMUTRAN LTDIMUTRAN LTD

IMPERIAL COLLEGEIMPERIAL COLLEGE

IMP COLLEGE INNOVATIONS LTDIMP COLLEGE INNOVATIONS LTD

ICI PLCICI PLC

HYBRIGEN INCHYBRIGEN INC

HOECHST AGHOECHST AG

HEALTH PROT AGENCYHEALTH PROT AGENCY

HARVARD COLLEGEHARVARD COLLEGE

GYRE LTDGYRE LTD

US GOVERNMENTUS GOVERNMENT

GLAXOSMITHKLINEGLAXOSMITHKLINE

APPLIED GENE TECHNOLOGIES INCAPPLIED GENE TECHNOLOGIES INC

GENDAQ LTDGENDAQ LTD

EMD LEXIGEN RES CTEMD LEXIGEN RES CT

DYAX CORPDYAX CORP

DOMANTIS LTDDOMANTIS LTD

DELTA BIOTECHNOLOGY LTDDELTA BIOTECHNOLOGY LTD

CYCLACEL LTDCYCLACEL LTD
CRUSADE LAB LTDCRUSADE LAB LTD

COURT OF NAPIER UNIVERSITYCOURT OF NAPIER UNIVERSITY

MERCK & CO INCMERCK & CO INC

CELLTECH LTDCELLTECH LTD

CANCER RES VENTURES LTDCANCER RES VENTURES LTD

CANCER RES CAMPAIGN TECHCANCER RES CAMPAIGN TECH

CAMBRIDGE ANTIBODY TECHCAMBRIDGE ANTIBODY TECH

BTG INT LTDBTG INT LTD

BRITISH BIOTECH PHARMBRITISH BIOTECH PHARM
BRITISH BIO TECHNOLOGYBRITISH BIO TECHNOLOGY

BRIGHAM & WOMENS HOSPITALBRIGHAM & WOMENS HOSPITAL

BOEHRINGER INGELHEIM INTBOEHRINGER INGELHEIM INT

BETH ISRAEL HOSPITALBETH ISRAEL HOSPITAL

AVIDEX LTDAVIDEX LTD

ASTRAZENECA ABASTRAZENECA AB

ASTERION LTDASTERION LTD

APPLIED RESEARCH SYSTEMSAPPLIED RESEARCH SYSTEMS

ANTISOMA PLCANTISOMA PLC

ANGELETTI P IST RICHERCHE BIOANGELETTI P IST RICHERCHE BIO

AMGEN INCAMGEN INC

ALLERGAN INCALLERGAN INC

AFFYMAX TECH NVAFFYMAX TECH NV

ACTINOVA LTDACTINOVA LTD
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Figure 7.14

COLLABORATIONS FOR UK COMPANIES FILING IN THE FIELD OF SNP/HAPLOTYPE
PATENTS

Auto-Correlation Map

Patent Assignees (cleaned, gr...

Top links shown
> 0.75 10 (0)
0.50 - 0.75 8 (0)
0.25 - 0.50 15 (0)
< 0.25 21 (0)

ZENCO NO 4 LTDZENCO NO 4 LTD

VISIBLE GENETICS INCVISIBLE GENETICS INC

UNIV WASHINGTONUNIV WASHINGTON

UNIV WALESUNIV WALES

UNIV UTAHUNIV UTAH

UNIV SHEFFIELDUNIV SHEFFIELD

UNIV ROCKEFELLERUNIV ROCKEFELLER

UNIV PARISUNIV PARIS

UNIV PIERRE & MARIE CURIE PARIUNIV PIERRE & MARIE CURIE PARI

UNIV NOTTINGHAMUNIV NOTTINGHAM

UNIV MCGILLUNIV MCGILL

UNIV MANCHESTERUNIV MANCHESTER

UNIV LONDONUNIV LONDON

UNIV LEICESTERUNIV LEICESTER

UNIV FLORIDAUNIV FLORIDA

UNIV ERASMUSUNIV ERASMUS

UNIV EDINBURGHUNIV EDINBURGH

UNIV DUKEUNIV DUKE

UNIV CARDIFFUNIV CARDIFF

UNIV CAMBRIDGE TECHUNIV CAMBRIDGE TECH

UNIV BRISTOLUNIV BRISTOL

UNIV BERNEUNIV BERNE

UNIV ABERDEENUNIV ABERDEEN

UNILEVER PLCUNILEVER PLC

TRINITY COLLEGE DUBLINTRINITY COLLEGE DUBLIN

TRANSITIVE LTDTRANSITIVE LTD

TEPNEL MEDICAL LTDTEPNEL MEDICAL LTD

TCS CELLWORKS LTDTCS CELLWORKS LTD

SYNGENTA AGSYNGENTA AG

ST JAMES AND SEACROFT UNIVERSIST JAMES AND SEACROFT UNIVERSI

SEQUENOM INCSEQUENOM INC

SEQUENOM GEMINI LIMTEDSEQUENOM GEMINI LIMTED

SENSE PROTEOMIC LTDSENSE PROTEOMIC LTD

UK GOVERNMENTUK GOVERNMENT

SCIONA LTDSCIONA LTD
RENOVO LTDRENOVO LTD

PLANT BIOSCIENCE LTDPLANT BIOSCIENCE LTD

PIG IMPROVEMENT COMPANY UK LTDPIG IMPROVEMENT COMPANY UK LTD

PIC FYFIELD LTDPIC FYFIELD LTD

PASTEUR INSTITUTPASTEUR INSTITUT

OXFORD GENE TECH LTDOXFORD GENE TECH LTD

OXAGEN LTDOXAGEN LTD

NOVARTIS AGNOVARTIS AG

MEDICAL RES COUNCILMEDICAL RES COUNCIL

MEDICAL BIOSYSTEMS LTDMEDICAL BIOSYSTEMS LTD

MEAT AND LIVESTOCK COMMISSIONMEAT AND LIVESTOCK COMMISSION

LILLY INDUSTRIES LTDLILLY INDUSTRIES LTD

KINGS COLLEGE LONDONKINGS COLLEGE LONDON

UNIV JOHNS HOPKINSUNIV JOHNS HOPKINS

JAPAN TOBACCO INCJAPAN TOBACCO INC

JAPAN FOUND CANCERJAPAN FOUND CANCER

ISIS INNOVATIONISIS INNOVATION

UNIV IOWAUNIV IOWA

INTERNAT CT FOR GENETIC ENGINEINTERNAT CT FOR GENETIC ENGINE

LUDWIG INST CANCER RESLUDWIG INST CANCER RES

INNES JOHN CENTRE INNOV LTDINNES JOHN CENTRE INNOV LTD

IMPERIAL COLLEGEIMPERIAL COLLEGE

IMP COLLEGE INNOVATIONS LTDIMP COLLEGE INNOVATIONS LTD

ICI PLCICI PLC

HEXAGEN TECHNOLOGY LIMITEDHEXAGEN TECHNOLOGY LIMITED

HEALTH PROT AGENCYHEALTH PROT AGENCY

US GOVERNMENTUS GOVERNMENT

GLAXOSMITHKLINEGLAXOSMITHKLINE

GENOSTIC PHARMA LTDGENOSTIC PHARMA LTD

GEMINI RESEARCH LTDGEMINI RESEARCH LTD

GEMINI RESEARCH LIMITEDGEMINI RESEARCH LIMITED

GEMINI RES LTDGEMINI RES LTD

GEMINI GENOMICS PLCGEMINI GENOMICS PLC

FORENSIC SCIENCE SERVICE LTDFORENSIC SCIENCE SERVICE LTD
ENIGMA DIAGNOSTICS LTDENIGMA DIAGNOSTICS LTD

DYNAMETRIX LTDDYNAMETRIX LTD

DYNAL BIOTECH LLCDYNAL BIOTECH LLC

DALGETY PLC LONDONDALGETY PLC LONDON

CYTOGENETIC DNA SERVICES LTDCYTOGENETIC DNA SERVICES LTD

CIPLA LTDCIPLA LTD

CELLTECH LTDCELLTECH LTD

CANCER RESEARCH UKCANCER RESEARCH UK

ONTARIO CANCER INSTONTARIO CANCER INST

BRITISH PETROLEUM CO PLCBRITISH PETROLEUM CO PLC

BRAX GROUP LTDBRAX GROUP LTD

BRAX GENOMICS LTDBRAX GENOMICS LTD

BIRKBECK COLLEGEBIRKBECK COLLEGE

BIOTECHNICA LTDBIOTECHNICA LTD

BIOQUANT LTDBIOQUANT LTD

BIO GENE LIMITEDBIO GENE LIMITED

ASTRAZENECA ABASTRAZENECA AB

ASSISTANCE PUBLIQUEASSISTANCE PUBLIQUE

APPLIED RESEARCH SYSTEMSAPPLIED RESEARCH SYSTEMS

APPLIED GENE TECHNOLOGIES INCAPPLIED GENE TECHNOLOGIES INC

ANTISOMA PLCANTISOMA PLC

ANTHONY NOLAN BONE MARROW TRUSANTHONY NOLAN BONE MARROW TRUS

PFIZERPFIZER

AFFYMAX TECH NVAFFYMAX TECH NV

AFFYMETRIX INCAFFYMETRIX INC



Processed: 29-06-2009 21:14:41 Page Layout: LOENEW [E] PPSysB Job: 411271 Unit: PAG1

630 genomic medicine: evidence

Figure 7.15

COLLABORATIONS FOR UK COMPANIES FILING PATENTS IN THE FIELD OF GENE
RELATED ALGORITHMS/SOFTWARE PATENTS

Auto-Correlation Map 
Patent  Assignees (Cleaned, gr... 

Top links shown 
> 0.75 0 (0) 
0.50 - 0.75 4 (0) 
0.25 - 0.50 2 (0) 
< 0.25 6 (0)

VISIBLE  GE NE T ICS INCVISIBLE  GE NE T ICS INC

UNIV W ALE SUNIV W ALE S

UN IV  U TAHUN IV  U TAH

U NIV SH EFFIE LDU NIV SH EFFIE LD

U NIV NOR TH  CAR OLIN AU NIV NOR TH  CAR OLIN A

UN IV  MICH IG ANUN IV  MICH IG AN

UN IV  JE FFE R S ONUN IV  JE FFE R S ON

UNIV EDIN BU R GHUNIV EDIN BU R GH

UN IV  CR ANFIE LDUN IV  CR ANFIE LD

U NIV  CAMBR IDGE  T ECHU NIV  CAMBR IDGE  T ECH

U NILE VER  P LCU NILE VER  P LC

T R ANS GE NOMIC INCT R ANS GE NOMIC INC

S Y NGE NT A AGS Y NGE NT A AG

S OLE XA LT DS OLE XA LT D

U K GOVE R NMEN TU K GOVE R NMEN T

S CIONA LT DS CIONA LT D

SCIE NT  G EN ER ICS LTDSCIE NT  G EN ER ICS LTD

PR OT EOM LT DPR OT EOM LT D

OXFOR D GLYCOS CIE NCES  U K LT DOXFOR D GLYCOS CIE NCES  U K LT D

N ON LINE AR  DYN AMICS  LT DN ON LINE AR  DYN AMICS  LT D

MOLE CU LAR  SE NS OR S LTDMOLE CU LAR  SE NS OR S LTD

ME DIMMU NE  IN CME DIMMU NE  IN C

ME DICAL R ES  COU NCILME DICAL R ES  COU NCIL

MAR CONI UK  INT ELLE CT UAL P R OPMAR CONI UK  INT ELLE CT UAL P R OP

IS IS  INN OVAT IONIS IS  INN OVAT ION

IN PH AR MAT ICA LTDIN PH AR MAT ICA LTD

ICI PLCICI PLC

HU MAN  G EN OME  S CIEN CE S  IN CHU MAN  G EN OME  S CIEN CE S  IN C

G LAXOS MIT HK LIN EG LAXOS MIT HK LIN E

G ILTE CH LT DG ILTE CH LT D

GE NDAQ LTDGE NDAQ LTD

FOR EN SIC SCIE NCE SE R VICE  LTDFOR EN SIC SCIE NCE SE R VICE  LTD

CYT OK IN ET ICS IN CCYT OK IN ET ICS IN C

CAMBR IDG E ADVANCE D T E CHCAMBR IDG E ADVANCE D T E CH

CON SE JO SU PE R IOR  IN VE ST IG ACIONCON SE JO SU PE R IOR  IN VE ST IG ACION

COBR A TH ER AP E UT ICS LT DCOBR A TH ER AP E UT ICS LT D

CANCER  R ES EAR CH UKCANCER  R ES EAR CH UK

CAMBR IDG E MOLE CU LAR  T ECHCAMBR IDG E MOLE CU LAR  T ECH

CAMBR IDGE  ANT IB ODY  T E CHCAMBR IDGE  ANT IB ODY  T E CH

BR IT IS H TE LECOMMBR IT IS H TE LECOMM

AST R AZE NE CA ABAST R AZE NE CA AB

AST E X TE CH NOLOGY  LT DAST E X TE CH NOLOGY  LT D

AP PLIE D R E SE AR CH S Y ST EMSAP PLIE D R E SE AR CH S Y ST EMS

AFFYMAX T ECH NVAFFYMAX T ECH NV

ADVANCED R IS C MACH LTDADVANCED R IS C MACH LTD
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Figure 7.16

COLLABORATIONS FOR UK COMPANIES FILING IN THE FIELD OF MODIFIED ANIMAL
PATENTS

Auto-Correlation Map
Patent Assignees (Cleaned, gr...

Top links shown
> 0.75 1 (0)
0.50 - 0.75 7 (0)
0.25 - 0.50 10 (0)
< 0.25 10 (0)

UNIV WALESUNIV WALES

UNIV SOUTHAMPTONUNIV SOUTHAMPTON

UNIV LONDONUNIV LONDON

UNIV EDINBURGHUNIV EDINBURGH

UNIV DUNDEEUNIV DUNDEE

UNIV CAMBRIDGE TECHUNIV CAMBRIDGE TECH

UNIV BRISTOLUNIV BRISTOL

UNIV ABERDEENUNIV ABERDEEN

THEREXSYS LTDTHEREXSYS LTD

PPL THERAPEUTICS SCOTLAND LTDPPL THERAPEUTICS SCOTLAND LTD

PPL THERAPEUTICSPPL THERAPEUTICS

PASTEUR INSTITUTPASTEUR INSTITUT

UNIV OHIOUNIV OHIO

NAT RES DEVNAT RES DEV

NASANASA

MEDICAL RES COUNCILMEDICAL RES COUNCIL

LUDWIG INST CANCER RESLUDWIG INST CANCER RES

ISIS INNOVATIONISIS INNOVATION

INST OF CHILD HEALTHINST OF CHILD HEALTH

IMUTRAN LTDIMUTRAN LTD

IMPERIAL COLLEGEIMPERIAL COLLEGE

IMP COLLEGE INNOVATIONS LTDIMP COLLEGE INNOVATIONS LTD

HARVARD COLLEGEHARVARD COLLEGE

GTC BIOTHERAPEUTICS INCGTC BIOTHERAPEUTICS INC

US GOVERNMENTUS GOVERNMENT

GLAXOSMITHKLINEGLAXOSMITHKLINE

GENZYME TRANSGENICS CORPGENZYME TRANSGENICS CORP

GEN HOSPITAL CORPGEN HOSPITAL CORP

CYCLACEL LTDCYCLACEL LTD

CEDARS SINAI MEDICAL CENTERCEDARS SINAI MEDICAL CENTER

CANCER RESEARCH UKCANCER RESEARCH UK

BIOTRANSPLANT INCBIOTRANSPLANT INC

BETH ISRAEL HOSPITALBETH ISRAEL HOSPITAL

ASTRAZENECA ABASTRAZENECA AB

AGRICULTURAL & FOOD RESAGRICULTURAL & FOOD RES

Annex to Chapter 10

Table 10.1

NUCLEIC ACID-BASED CANCER DIAGNOSTICS

Table 10.1

NUMBERS OF PATENTS FILED WORLDWIDE BY COMPANY/INSTITUTION IN NUCLEIC
ACID-BASED CANCER DIAGNOSTICS130

Probes for
mutations

Probes for related to
COMPANY/INSTITUTION NAME cancer< cancer$

1. UNIV JOHNS HOPKINS 115 65
2. UNIV CALIFORNIA 80 58
3. SEQUENOM INC 53 5
4. EPIGENOMICS AG 23 26
5. US GOVERNMENT 31 18
6. UNIV TEXAS 18 23
7. DANA FARBER CANCER INST INC 12 26
8. VISIBLE GENETICS INC 23 13
9. PENN STATE RES FOUND 12 18
10. EXACT SCIENCES CORP 13 16
11. MASSACHUSETTS INST TECHNOLOGY 24 3
12. UNIV UTAH 25 1
13. WHITEHEAD BIOMEDICAL INST 18 8
130 This covers RNA and DNA based cancer diagnostics which are classed in ECLA mark C12Q1/68M6B.
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Probes for
mutations

Probes for related to
COMPANY/INSTITUTION NAME cancer< cancer$

14. ROCHE 8 17
15. SAMSUNG ELECTRONICS 14 11
16. PROMEGA CORP 15 8
17. UNIV BRITISH COLUMBIA 4 18
18. GENSET SA 21
19. ASTRAZENECA AB 16 4
20. HOPE CITY 11 9
21. UROCOR INC 20
22. AGENSYS INC 19
23. MYRIAD GENETICS INC 19
24. LUDWIG INST CANCER RES 1 17
25. MASSACHUSETTS EYE & EAR INFIRM 18
26. OKLAHOMA MED RES FOUND 16 2
27. BAYLOR COLLEGE MEDICINE 8 9
28. GEN HOSPITAL CORP 9 8
29. GEN PROBE INC 12 5
30. NOVARTIS AG 10 6
31. BAYER AG 3 12
32. CANCER RESEARCH UK 15 2
33. GENAISSANCE PHARMACEUTICALS 15
34. CORIXA CORP 14
35. MILLENNIUM PHARM INC 14
36. ONCOMEDX INC 14
37. AEOMICA INC 13
38. BEHRINGWERKE AG 13
39. EXACT LAB INC 9 4
40. DAIKIN IND LTD 12
41. ONTARIO CANCER INST 12
42. SUMITOMO GROUP 10 2
43. CENTRE NAT RECH SCIENT 2 9
44. GENE LOGIC INC 3 8
45. GENODYSSEE 11
46. LOVELACE RESPIRATORY RES INST 8 3
47. NAT CANCER CT JAPAN 5 6
48. UNIV JEFFERSON 11
49. MAYO FOUNDATION 1 9
50. MOLECULAR DYNAMICS INC 10
51. NORDIAG AS 10
52. ONCORMED INC 7 3
53. UNIV ERASMUS 10
54. UNIV MCGILL 8 2
55. UNIV OHIO 6 4
56. UNIV VANDERBILT 1 9
57. WAYNE JOHN CANCER INST 4 6
58. GLAXOSMITHKLINE 4 5
59. MEDINNOVA SF 6 3
60. UNIV EMORY 8 1
61. UNIV HONG KONG 1 8
62. UNIV OREGON HEALTH & SCIENCE 5 4
63. UPSTATE BIOTECH INC 9
64. DARTMOUTH COLLEGE 5 3
65. JAPAN GOVERNMENT 7 1
66. RIGEL PHARMACEUTICALS INC 8
67. SLOAN KETTERING INST CANCER 2 6
68. UNIV RAMOT 6 2
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Probes for
mutations

Probes for related to
COMPANY/INSTITUTION NAME cancer< cancer$

69. UNIV VERMONT 8
70. AFFYMETRIX INC 3 4
71. AVITECH DIAGNOSTICS INC 7
72. EPIDAUROS BIOTECHNOLOGIE AG 7
73. GENOSTIC PHARMA LTD 7
74. HITACHI 4 3
75. JAPAN FOUND CANCER 7
76. MAX PLANCK GESSELLSCHAFT 5 2
77. PASTEUR INSTITUT 7
78. RECH DU CHUL CENTRE 7
79. UNIV ALBERTA 7
80. UNIV CHICAGO 7
81. VERIDEX LLC 7
82. BETH ISRAEL HOSPITAL 2 4
83. BIOMERIEUX SA 6
84. CHIRON CORP 6
85. CHRONIX BIOMEDICAL 6
86. GENE LOGIC INC 5 1
87. GERON CORP 4 2
88. IMREG INC 6
89. INST NAT SANT ET DE LA RECH ME 6
90. ML TECHNOLOGY VENTURES 6
91. ONCOTHERAPY SCIENCE INC 6
92. PHILADELPHIA HEALTH & EDUCATIO 6
93. RAGGIO ITALGENE SPA 4 2
94. SINAI SCHOOL MEDICINE 3 3
95. TRIPATH IMAGING INC 6
96. UNIV ARKANSAS 6
97. UNIV LEIDEN 6
98. UNIV NEW JERSEY MED 4 2
99. VARIAGENICS INC 4 2
100. APPLERA CORP 2 3
101. ARCTURUS BIOSCIENCE INC 5
102. BIO MERIEUX 5
103. BOEHRINGER INGELHEIM INT 4 1
104. CETUS CORP 3 2
105. CHUGAI PHARMACEUTICAL CO LTD 5
106. COMPUGEN 5
107. COMMW SCIENT IND RES ORG 5
108. CORNELL RES FOUNDATION INC 5
109. DEUTSCHES KREBSFORSCH 1 4
110. EXONHIT THERAPEUTICS SA 5
111. HISAMITSU PHARMACEUTICAL CO 5
112. ICI PLC 5
113. INTERGENETICS INC 5
114. ISIS INNOVATION 2 3
115. ISIS PHARMACEUTICALS INC 5
116. NASA 5
117. OLIGENE GMBH 5
118. ORAVAX INC 5
119. OREAL 5
120. ORTHO CLINICAL DIAGNOSTICS 4 1
121. SALK INST 5
122. TEXAS A & M UNVERSITY SYSTEM 5
123. UAB RESEARCH FOUNDATION 2 3
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124. UNIV MARYLAND 2 3
125. UNIV STATE CLEVELAND 5
126. UNIV WASHINGTON 1 4
127. WISTAR INST 1 4
128. APPLIED HYDROGEL TECHNOLOGY CO 3 1
129. CALIFORNIA INST BIOLOG RES 4
130. COLD SPRING HARBOR LAB 4
131. DIAGNOCURE INC 4
132. DNAPRINT GENOMICS INC 4
133. FRANCE ETAT 2 2
134. FUNDACION PARA LA INVESTIGACIO 4
135. GENZYME CORP 4
136. HUMAN GENOME SCIENCES INC 4
137. MERCK & CO INC 4
138. PACIFIC NORTHWEST RES INST 4
139. PHARMAGENICS INC 4
140. SANGTEC MEDICAL AB 4
141. STRATAGENE INC 2 2
142. UNIV CASE WESTERN RESERVE 4
143. UNIV DUKE 4
144. UNIV LEIDEN 4
145. UNIV STANFORD 2 2
146. UNIV TOKYO 1 3
147. VYSIS INC 4
148. YISSUM RES DEV CO 3 1
149. ZILA INC 4
150. AARHUS UNI 3
151. ACADEMY OF APPLIED SCIENCES 2 1
152. ACRONGENOMICS INC 3
153. AGENCY IND SCIENCE TECHN 3
154. ALLIED BIOTECH INC 3
155. GENEBIOMED INC 3
156. GILSON CHRISTOPHER RALEIGH 3
157. HARVARD COLLEGE 3
158. INCYTE GENOMICS INC 3
159. INNOCENTI FEDERICO 3
160. INTERNAT CT FOR GENETIC ENGINE 3
161. JAPAN RES DEV CORP 3
162. LIFE TECHNOLOGIES INC 1 2
163. MEDIZINISCHE HOCHSCHULE HANNOV 3
164. MTM LAB AG 3
165. NAT UNIVERSITY CORP OKAYAMA UN 3
166. OLYMPUS CORP 1 2
167. ONCOGENE SCIENCE INC 3
168. OTSUKA PHARMA CO LTD 3
169. PE CORP NY 1 2
170. PURDUE RESEARCH FOUNDATION 3
171. QUARK BIOTECH INC 3
172. S R L KK 3
173. SEATTLE GENETICS INC 3
174. SUISSE RECH EXPERIMENT 3
175. SYNGENTA AG 3
176. SYSMEX CORP 3
177. TAYSIDE UNIVERSITY HOSPITALS N 3
178. UNIV GEORGETOWN 2 1
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179. UNIV MISSISSIPPI 3
180. UNIV MISSOURI 3
181. UNIV OTTAWA 3
182. UNIV SOUTH AUSTRALIA 3
183. WHITTIER INST DIABETES & ENDOC 3
184. YEDA RES & DEV 3
185. AEGERA THERAPEUTICS INC 2
186. APROGENEX INC 2
187. AVITECH DIAGNOSTICS INC 2
188. BARD DIAGNOSTIC SCIENCES INC 2
189. BAXTER AG 2
190. BRIGHAM & WOMENS HOSPITAL 1 1
191. COMMISSARIAT ENERGIE ATOMIQUE 2
192. COUNCIL OF SCIENT & INDUS RES 1 1
193. CURIS INC 1 1
194. DNA SCIENCES INC 2
195. DZ GENES LLC 2
196. EASTERN VIRGINIA MED SCHOOL 2
197. EXIQON AS 1 1
198. FRAUNHOFER GES FORSCHUNG 2
199. FUJISAWA PHARMACEUTICAL CO 2
200. GEMINI RESEARCH LIMITED 2
201. GENETICS INST 2
202. IDGENE PHARMACEUTICALS LTD 2
203. ILLUMINA 1 1
204. INST MEDICAL W & E HALL 2
205. INST OF GENE AND BRAIN SCIENCE 2
206. INTEGRIDERM L L C 2
207. INVITROGEN CORP 1 1
208. JAPAN SCIENCE & TECH CORP 2
209. K U LEUVEN RES AND DEV 2
210. LG GROUP 2
211. MEDSTAR RES INST 1 1
212. METAGEN GES FUR GENOMFORSCHUNG 2
213.MITSUBISHI GROUP 2
214. NANOGEN INC 2
215. NAT INST HEALTH 2
216. NAT INST RADIOLOG 2
217. ONCOR INC 2
218. ORCHID BIOSCIENCES INC 1 1
219. ORION YHTYMAE OY 2
220. PHILADELPHIA CHILDREN HOSPITAL 2
221. RANDOX LAB LTD 2
222. RES FOUND MENTAL HYGIENE 2
223. SAMYANG GENEX CORP 2
224. SIGNALGENE 1 1
225. SKY GENETICS INC 2
226. SPECTRAL GENOMICS INC 2
227. ST JUDE CHILDRENS RES HOSPITAL 2
228. TUM GENE INC 2
229. UNIV BOSTON 2
230. UNIV EBERHARD KARLS 2
231. UNIV LONDON 1 1
232. UNIV MANCHESTER 2
233. UNIV MANITOBA 2
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234. UNIV PENNSYLVANIA 1 1
235. UNIV WALES 2
236. ABBOTT LAB 1
237. ADNAGEN AG 1
238. ALL INDIA INST MED 1
239. ANGELETTI P IST RICHERCHE BIO 1
240. ARTUS GES FUR MOLEKULARBIOLOGI 1
241. ASSISTANCE PUBLIQUE 1
242. BIOMAEDRAB CO LTD 1
243. BIONOMICS LTD 1
244. BOSTON COLLEGE 1
245. BURNHAM INST FOR MEDICAL RES 1
246. CANCER RES INST 1
247. CANON KK 1
248. CALTECH 1
249. CEDARS SINAI MEDICAL CENTER 1
250. CENIX BIOSCIENCE GMBH 1
251. CHILDRENS MEDICAL CENTER 1
252. CIBA GEIGY AG 1
253. CLEVELAND CLINIC FOUNDATION 1
254. DADE BEHRING INC 1
255. DIVERSA CORP 1
256. EPPENDORF AG 1
257. ERASMUS UNIVERSITY MEDICAL CT 1
258. EURONA MEDICAL AB 1
259. FIVE PRIME THERAPEUTICS INC 1
260. FOX CHASE CANCER CENTER 1
261. GEMINI GENOMICS PLC 1
262. GENOMICS COLLABORATIVE INC 1
263. HOSPITAL FOR SICK CHILDREN 1
264. HUBIT GENOMIX INC 1
265. JOHNSON & JOHNSON 1
266. KARLSRUHE FORSCHZENT 1
267. LYNX THERAPEUTICS INC 1
268. MED COLLEGE GEORGIA RES INST 1
269. MICROMET AG 1
270. MOUNT SINAI HOSPITAL CORP 1
271. NGK INSULATORS LTD 1
272. NIIGATA UNIVERSITY 1
273. NIPPON MEDICAL SCHOOL 1
274. OREGON STATE 1
275. ORION GENOMICS LLC 1
276. PERLEGEN SCIENCES INC 1
277. PFIZER 1
278. PRIMERA BIOSYSTEMS INC 1
279. PROGENIKA BIOPHARMA S A 1
280. QUEST DIAGNOSTICS INC 1
281. SANGAMO BIOSCIENCES INC 1
282. SANKYO CO 1
283. SANOFI-AVENTIS 1
284. SQUIBB BRISTOL MYERS CO 1
285. STICHTING KATHOLIEKE UNIV 1
286. TAKARA BIO INC 1
287. TAKARA SHUZO CO 1
288. TAKEDA CHEMICAL IND LTD 1
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289. TEIJIN LTD 1
290. UNIV BELFAST 1
291. UNIV BRISTOL 1
292. UNIV COLORADO 1
293. UNIV DUISBURG ESSEN 1
294. UNIV FLORIDA 1
295. UNIV HOSPITAL NIJMEGEN 1
296. UNIV KEIO 1
297. UNIV KENTUCKY 1
298. UNIV KYOTO 1
299. UNIV LAVAL 1
300. UNIV LEEDS 1
301. UNIV MICHIGAN 1
302. UNIV NEW YORK 1
303. UNIV NORTH CAROLINA 1
304. UNIV PRINCETON 1
305. UNIV ROCKEFELLER 1
306. UNIV ROCHESTER 1
307. UNIV VIRGINIA 1
308. UPJOHN CO 1
309. US GENOMICS INC 1
310. VANANDEL RES INST 1
311. WISCONSIN ALUMNI RES FOUND 1
312. YORKSHIRE CANCER RES 1

< Taken from the SNP/Haplotypes area of technology.
$ Taken from the Gene Expression profiles area of technology.

April 2008

Memorandum by the University of Montréal

1. Introduction

1.1 The Ethics and Policymaking Core (EPC) of the Centre de recherche en droit public, Université de
Montréal, is a research group dedicated to examining ethics and policy issues related to international large-
scale population databases and other biobank activities. The EPC collaborates with the Public Population
Project in Genomics (P3G) Consortium (www.p3gconsortium.org) and it’s International Working Group on
Ethics, Governance and Public Engagement to create tools that will aid the harmonization of various aspects
of biobank policy. It is funded by the Canada Research Chair in Law and Medicine, Genome Canada, Génome
Québec and the Centre de recherche en droit public, Université de Montréal.

1.2. The EPC welcomes the opportunity to provide the Lords Science and Technology Committee with
information regarding international collaborative eVorts in the area of population-based databases and
related biobanks.

2. Data Use and Interpretation

2.1 Collaboration is recognised as a significant driver in current practice of biomedical research. Examples
include the Human Genome Project (HGP), the HapMap Consortium and Welcome Trust Case Control
Consortium. In these collaborations, the data derived were available from a central resource (even in cases
where the data was mirrored across resources, such as with the HGP). An alternative to a centralised resource is
to enable diVerent resources to share data eYciently and eVectively. This is the model that the P3G Consortium
follows. It does not advocate a single database for population-related data, as it acknowledges that population
biobanks reflect the scientific and cultural diversity of those who they include as participants. Instead, P3G is
dedicated to the dual scientific aims of optimising the design and conduct of individual biobanks as well as
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harmonising the design and conduct of activities between biobanks. It is well documented that no one
population database will have the statistical power to confirm all causal links between genes, health and
environmental factors. By being able to share data from various biobanks, researchers will be more able to
confirm their hypotheses. But in order to accomplish this, the data itself must harmonise so that it can be
shared across biobank platforms. The generic Data-SHaPER project is an example of a response to this need.
Funded by P3G and other partners, including Generation Scotland, and with the collaboration of 17
international biobanks, including UK Biobank, the Data-SHaPER tool is a set of generic variables (primary
units of analysis) that will be used to harmonise the data in existing and emerging biobanks. Such examples
of international collaboration show that specific blocks in the research process can be examined and tools
developed to address them, helping to drive the translation of basic data into clinical applications.

2.2 Another example of international collaboration has been the eVorts of the EPC to create another tool for
harmonisation, generic consent materials. With appropriate consents in place, data and samples can be shared
across biobanks and with other researchers. Based on the consent materials of P3G-member biobanks,
including Generation Scotland and UK Biobank, generic consent materials were created to assist existing and
emerging biobanks to determine the key issues that should be raised with potential participants in biobank
research, when seeking their consent to participate. These materials, as with any other tools developed by the
P3G Consortium, are publicly available on the P3G Observatory website at http://www.p3gobservatory.org/
welcome.do. The EPC is now preparing generic access, material transfer and governance materials.

2.3 As noted above, both UK Biobank and Generation Scotland are contributing to and collaborating in
these on international initiatives to aid the harmonisation and best practice of and between biobanks. If such
prominent biobanks continue to participate at the international level, other biobanks from developed and
developing countries may see the benefit and also work to share their resources with the biomedical
community. This can only aid translational activities with the ultimate aim of improving population health
through genomic medicine.

21 April 2008

Memorandum by Wyeth

1. Wyeth welcomes the Inquiry on Genomic Medicine and we agree that it is timely to review current research
achievements and future prospects in this area in order to assess the issues for policy across a broad front for
science, innovation and health.

2. Genomic medicine is an important part of the R&D eVort of the pharmaceutical sector and, therefore, will
contribute to UK health and wealth creation. In aggregate, pharmaceutical companies carry out more than
one quarter of all business R&D performed in the UK. One in five of the world’s top medicines were discovered
and developed in the UK and this success has been achieved by innovation, built on sustained investment in
R&D. As a leading R&D-intensive US company investing in innovation in the UK, the experience of Wyeth
may prove helpful in setting into context the issues for the UK in an era of ever-increasing global
competition.131 In order to provide a succinct response, we have focused on a relatively small number of the
questions posed by the Committee but we would be happy to provide further information on any point.

What is the state of the science? What new developments are there? What is the rate of change?

3. The research that will advance the development of genomic medicine continues at a rapid pace even though
the first phase—the sequencing of the human genome—may be considered accomplished. There is now much
to be done to characterise the genome, particularly in terms of understanding the genetic contribution to
disease and the selection of new targets for therapeutic approaches. There is still surprisingly limited
understanding of the mechanisms underlying human physiology and the pathophysiology of most common
diseases. New initiatives rendered possible by advances in technology, in particular genome-wide association
studies, will be of great importance in accelerating the rate of understanding of these processes.

4. Disappointment has been sometimes expressed that genomics has apparently not yet contributed
significantly to the emergence of new drugs. But this view underestimates the amount of work involved in drug
discovery and development and the need to create better tools, models and processes to capitalise on genomic
data to identify, select and validate targets. Obtaining genome sequence data and postulating its association
with a putative function is only the first step—elucidation of target characteristics and the development of
131 Recent survey results (20 March 2008) are noteworthy in showing that many UK-based pharmaceutical companies are generally

increasingly pessimistic about the UK as a place in which to invest in R&D and conduct clinical trials. See www.abpi.org.uk/press/
press releases 08/200308.asp
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assay methodology in animal models and clinical studies are essential next steps in drug discovery and
development.132

5. Broadly defined, genomic medicine encompasses specific objectives that build on the identification of novel
targets, to include:

— The introduction of stratified medicine (“personalized medicine” in the older terminology) for better
focusing of therapeutic interventions on well-defined subgroups of patients. The better
understanding of molecular variation in disease should enable delivery of safer and more eYcacious
drugs with greater certainty of success to those in need.

— The extension of genetic testing for more common conditions. This is not a particular business focus
for Wyeth currently but although we will not be responding to the specific questions relating to
genetic testing we recommend the recent OECD publication that provides a valuable international
comparison on quality assurance in genetic testing with accompanying discussion of the issues for
sample and data handling.133

— The development of novel biological therapies. Wyeth recently (October 2007) acquired Haptogen
Ltd, a company spun out of the University of Aberdeen, expert in next-generation biotechnology
discovery platforms that allow for the discovery and optimization of protein therapeutics with
significantly improved profile over the current generation of therapies.

What is the role of industry? How much cross-sector collaboration takes place?

6. Many companies in the pharmaceutical sector are perceived to be encountering problems with R&D
productivity associated with weak pipelines, impending patent expiries and consequent loss of revenue, and
increasingly costly R&D processes. Despite these problems, the sector is poised to develop a wave of
innovative medicines discovered and developed following the decoding of the human genome. The outputs
from genomics research has led to an increasing flow of compounds into the R&D pipeline and many of these
compounds address novel, “unprecedented”, targets for hitherto hard-to-treat diseases. In consequence of this
novelty, there is a growing clinical attrition rate—but the high failure rate and long life cycle in drug
development are not economically sustainable for the sector. Thus, genomic medicine will only succeed if the
ambition to select unprecedented targets is accompanied by new approaches to validate targets and provide
proof of concept in humans earlier in development. By this means, there is prospect of improving confidence
in lead compound selection and optimization and enhancing cost-eVective decision-making, while providing
meaningful benefit to patients. It is critically important to take an integrated view “from gene to community”.

7. Translational Medicine is rapidly emerging as a tool to bridge the gap between pre-clinical and clinical
studies so as to improve early understanding of drug safety and eYcacy in patients. Wyeth helped to pioneer
the application of Translational Medicine in terms of biomarker discovery and the validation of drug targets
and Wyeth worked closely with Regulatory Authorities in developing guidelines for the submission of genomic
data in support of drug registration. In 2004, Wyeth was the first company to provide genomic data to the
FDA in the Voluntary Genomic Data Submission programme.

8. A significant degree of cross-sector collaboration takes place at the pre-competitive level, to assess the value
of genomic information. The SNPs Consortium in the 1990s helped to create the starting point for
understanding the importance of individual genetic variation in disease propensity. The US Biomarkers
Consortium (established 2006) involves the FDA, NIH, pharmaceutical companies and patient group in work
to find and validate disease markers. The European Innovative Medicines Initiative (starting 2008) involves
companies, academia, regulatory agencies and patient groups across the EU in research on biomarkers for
drug safety and eYcacy assessment.

How does research in the UK compare internationally? How much collaboration is there?

9. In our view an important component in successful progress is strong problem-solving academia-industry
collaboration. Wyeth has introduced a novel concept in partnership to focus on Translational Medicine in the
UK. This capitalises on public sector excellence in biomedical research, building a new collaborative model
in Scotland between the research capabilities of Wyeth and a consortium of the four medical universities
(Glasgow, Edinburgh, Dundee, Aberdeen) and Health Boards and Scottish Enterprise. In our innovative
model focusing on disease mechanisms, ideas are jointly-derived; the research plan is modified by mutual
132 These issues are discussed in detail in a report of a meeting “Experimental Medicine” organised by the Academy of Medical Sciences.

Wyeth presented case studies from diverse disease areas (Cardiovascular, Alzheimer’s Disease, oncology) to illustrate how the outputs
from genomic research must be integrated into a broad range of other activities in pharmaceutical R&D. See www.acmedsci.ac.uk/
download.php?file%/images/event/EMSummar.pdf

133 OECD, “Genetic Testing: A Survey of Quality Assurance and Proficiency Standards”, October 2007, www.oecd.org
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agreement, background Intellectual Property is protected, with shared ownership of jointly-generated
deliverables. This initiative, sharing risks and rewards, now in its second year, covers diverse disease areas and
academic disciplines with particular focus on biomarkers research and imaging techniques. Scotland is deemed
an attractive location for this endeavour because of strengths in pre-clinical and clinical research, university-
NHS networks, health informatics and tissue banks. Success of the collaboration will be measured in various
ways—in better understanding of pathophysiology, in shared generation of ideas and hypotheses, in
standardising new models and tools, in development of new therapeutics, better patient care and economic
growth. We commend these measures as equally relevant to the UK as a whole in evaluating the achievements
of genomic medicine.

Does the existing regulatory and advisory framework provide for optimal development and translation of new
technologies? Are there any regulatory gaps?

How effective is the policy and investment framework in supporting research in this area?

10. The scientific advances will continue to create new opportunities for health care innovation if there is an
encouraging environment for innovation. Wyeth has made a major investment to capitalise on scientific
excellence in the UK and this type of inward investment is most likely to succeed if:

— There is a proactive approach by public policy makers to build research infrastructure. Government
also has an important enabling role to ensure that partnerships generate value—this requires eVective
protection of Intellectual Property.134

— There is availability of skilled researchers and the flexibility to organise them into research teams with
diverse expertise in pursuit of new directions rather than focusing unduly on individual disciplinary
strengths.

— Support is given to new forms of partnership and promotion of the NHS as a leading research
resource.

— Public engagement eVorts include communication on the value of public-private partnerships.

11. The advent of Stratified Medicine in consequence of advances in genomics research warrants
consideration of new options for regulatory and pricing frameworks for both therapeutics and diagnostics in
order to create flexibility to assess health care value and reward the innovator. One option for regulatory
reform is conditional licensing—allowing new drugs in NHS priority areas to be made available to patients
following preliminary safety studies and proof of eYcacy. This conditional licensing approval would be subject
to continuing clinical study employing the new technologies (in particular, biomarkers) central to evaluation
in genomic medicine.135

How is the study of genetic factors and biomarkers integrated for translational purposes?

12. Biomarkers have important roles in Translational Medicine—across the R&D lifecycle and into clinical
practice. For example:

— Understanding, monitoring and predicting disease processes, including the earliest and most
sensitive markers of altered pathophysiology.

— Providing evidence for target validation and for drug-target engagement during the discovery phase.

— Selecting patients—to ascertain which subjects are most likely to respond to the drug.

— Evaluating eYcacy and safety in clinical trials and assessing optimal dosing regimens.

— Post-marketing, to inform the continuing need to understand the determinants of eYcacy and safety.
134 With particular regard to the licensing of genetic interventions, the recent guidelines from the OECD (www.oecd.org/sti/biotechnology/

licensing) are useful in setting out principles and examples of best practice for health care inventions in the international context,
seeking to foster the twin objectives of stimulating innovation, while maintaining appropriate access to health products and services.

135 The scientific and regulatory issues for Stratified Medicine are discussed in detail in the recent report from the Academy of Medical
Sciences, December 2007, produced following a meeting in which Wyeth participated.
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What opportunities are there for diagnostics, therapeutics and prognostics? Who is responsible for translation to
clinical practice?

13. We have addressed these questions in our previous paragraphs but we would like to take this opportunity
to emphasise that this is an exciting time for Translational Medicine. We welcome the inception of the OYce
for Strategic Coordination of Health Research (OSCHR) established following the Cooksey Review of Health
Research. Implementing the new OSCHR strategy promises to develop new momentum in building
partnership between industry, academia and the NHS. We reiterate that the NHS can become a leading
research resource for genomic medicine and should be regarded as a major asset to generate and delivery
innovation. This requires improving research culture, capabilities and capacities within the NHS.

How should genomics data be brought together with other health information?

What impact will genome data have on data emerging from projects such as UK BioBank, Generation Scotland and
other biobanks?

14. The NHS National Plan for IT provides the unparalleled opportunity to use health care records for
research and, in due course, will be a major resource with which to interpret genomic data. The collection of
well-phenotyped patient data is often the rate-limiting step. There is continuing need for national health care
IT systems to be developed so as to support the objectives of research.

15. The pioneering work of the Generation Scotland initiative in providing a population-based resource to
explore genetic epidemiology of common diseases is of particular potential value. Unfortunately, some other
large-scale genetic databases have been controversial or relatively slow to progress and public policy makers
must take the initiative to advocate the value of such activity.136

What are the implications of developments in genomic technologies for the training of medical specialists and other health
professionals? Are there any gaps that need addressing?

16. As discussed previously, the use of genomic technologies to improve health care will only be successful if
the advances in fundamental sciences can be translated into new products and services. This requires attention
to developing training programmes for physician scientists and others in Translational Medicine and drug
discovery and development. There are particular gaps in supply of some of the in vivo experimental skills,
pharmacology, toxicology and clinical pharmacology. Wyeth is currently supporting a bid for training
fellowships in clinical pharmacology with the four medical universities in Scotland and this will involve fellows
spending a period of time in industry.

17. It is important to encourage mobility between sectors, institutions, disciplines and countries. The
introduction of the new approaches to public-private research collaboration will help to facilitate researcher
mobility. Nonetheless, it is still necessary for some universities to understand—and to communicate to their
students—that a research career in industry does not represent a failure for a skilled young scientist.

136 The report on Stratified Medicines (footnote 135) describes some of the needs for future biobanks, particularly prospective collection
for the purpose of monitoring therapeutic responses.
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