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B Executive Summary

The study of inter-individual specific genetic
variation related to drug response (both safety
and efficacy) is called pharmacogenetics. The
study of genomics and proteomics information for
identifying new drug targets and their mechanisms
of action is called pharmacogenomics. Together
pharmacogenetics and pharmacogenomics will
be referred to as PGx. It is often said that advances
in these disciplines could have a positive impact
on the pharmaceutical and healthcare sectors
by facilitating drug development and a system
of personalised (individualised) medical care
where drugs would be safer and more effective.
However, most of the expectations surrounding
the clinical application of pharmacogenetics
remain unfulfilled. Only a limited number of
applications have actually reached clinical
practice. The potential impact on healthcare
and the socio-economic implications are still
uncertain. To reduce some of these uncertainties,
IPTS embarked on a prospective study of this field

focusing on three areas:

* Research and development status: Mapping
key players, trends and outputs of academic
and industrial research and development
in the field of pharmacogenetics and
pharmacogenomics;

e Clinical impact, in social and economic terms,
of pharmacogenetics and pharmacogenomics
in four EU Member States (Germany, Ireland,
the Netherlands and the UK), using two case
studies (HER2 and TPMT);

e Comparative review of the regulatory and
quality assurance frameworks in the USA, the
EU and four EU Member States (Germany,
Ireland, the Netherlands and the UK).

IPTS, together with the European Society of
Human Genetics, organised a workshop in March
2004 with 50 international experts from different
disciplines to review the field and discuss potential
socio-economic issues arising from developments
in this area." The workshop served to focus the
abovementioned prospective study thatwas carried
out by the European Science and Technology
Observatory (ESTO). A number of tasks in the
study were assigned to Michael Hopkins (SPRU,
UK), Christien Enzing (TNO, Netherlands), Jim
Ryan (CIRCA group, Ireland) and Sibylle Gaissner
(Fh-ISI, Germany). The study group had advisory
support from Detlef Niesse (Novartis, Switzerland)
throughout the study.

The main findings are summarised below:

1. Research and development arena
— global picture

e PGx is an important and growing field of
interest in the scientific community both in
Europe and in the USA. Well-known centres
of excellence can be found on both sides of
the Atlantic.

e The private sector is dominated by US
industrial leadership, mainly by virtue of the
number and size of small and medium-sized
enterprises which have been developing since
the early 1990s, though industrial activities in
Europe have been increasing since 1998. A
global search found that approximately 60%
of the PGx industry is based in the USA, with
most of the remaining 40% in Europe (as a
percentage of the number of companies with
PGx-related activities, not of their financial
market share).

1 Polymorphic sequence variants in medicine: Technical, social, legal and ethical issues. Pharmacogenetics as an example.
ESHG/IPTS Background document. The Professional and Public Policy Committee (PPPC) (June 2004) http://www.eshg.org/

ESHG-IPTSPGX.pdf.
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The EU is well-placed in PCx research, though

lagging slightly behind the USA in industrial

activity.

Many companies see PGx as a useful tool
in the drug development process and not
necessarily accompanied by a PGx diagnostic
test as an end-point. Only diagnostic
companies (around one third of the total
number of companies involved in PGx) see a

pure market for PGx products.

The actual utility of PGx in drug discovery
remains to be seen. A patent analysis showed
that only 50% of the large biotechnology
firms investing in PGx in Europe and the USA
held any PGx-related patent.

Although much uncertainty remains about
the impact of PGx, especially as the evidence
base has yet to be developed in many areas,
experts point to reduction of adverse effects
as the most notable impact to be expected.

Most experts estimated that it would take
20 to 25 years for PGx to have a significant
impact on public health. They predicted
that within 3 to 5 years PGx tests could
be standard practice for some clinical
indications, initially in oncology, where PGx
has a great deal to offer in terms of improving
the safety and efficacy of chemotherapeutic
drugs.

PCx science is still immature. At present

much research is in progress but few products

with regulatory approval are on the market.

Commercial interests are focusing primarily
on the process of drug discovery and
development,  with little ~ commercial
interest in drug rescue (safety or efficacy),
market extension strategies, post-marketing
surveillance or the use of efficacy data in
marketing current drugs. Academic research
into PGx, on the other hand, is focused more
on improving the safety and efficacy of drugs
currently on the market. The main reason for
this discrepancy is the lack of incentives for
industry to improve drug safety and efficacy

beyond the terms of their patent protection
whereas academics acknowledge this topic
as a primary healthcare concern.

Companies’ PGx activities are mainly science-
driven rather than market-driven. Some of
the companies surveyed were founded by
scientists who saw a technical opportunity
in this field. However, most pharmaceutical
companies gradually built up PGx in-house

as a specialised area of activity.

Most PGx research in the private sector is

going into drug development while one of the

focuses of academic research is on PGCx as an

end-point selection tool in treatment with current

drugs.

A high proportion of public research is
financed by core funding from national
governments.  Industrial  contracts and
funds from foundations play a minor role
and contribute only to individual projects.
EU funding was used by under 10% of the
research groups questioned. The opportunities
for industry to benefit from FP6 were criticised
due to the heavy administrative burden
and unclear requirements and the lack of a
clearly earmarked funding programme for

PGx, unlike the situation in the USA.

Is EU funding being fully exploited? Less than

10% of the most active groups in PCx in Europe

received finance from FP6.

Academic research in the EU could benefit
from greater unification of efforts and
funding of more infrastructure. It could also
benefit from improved management systems
— harmonisation of ethical clearances and
access to biobank collections — and systemic
(PGx must be
sustained over the long term as PGx research

programme investments

is unlikely to yield applicable results in the
short term). Nearly 40% of the respondents
complained about the lack of specific
research programmes on PGx in Europe.

In general, the private sector values

collaboration ~ with the public sector.



However, interviews with the industry
showed that, for strategic and confidentiality
reasons, only a small proportion of tasks can
be subcontracted to the public sector. Experts
from academia see the different research
interests as one of the main obstacles to
extension of industrial collaboration. Another
is the scale of research. Due to financial
considerations, academic circles are only able
to tackle genome and PGx issues on a small
scale, whereas industrial drug development
processes require large integrated projects,
typically involving thousands of patients,
which can cover the genomic complexity.

e As a result, few public research groups
collaborate with industry. Collaboration
between industry and academia might
need to be better promoted by appropriate
European funding programmes. At the 2004
ESHG-IPTS PGx workshop a joint call was
made for Commission research programmes
to tackle this problem; it was agreed that it
is not a matter of more funding but of more
coordinated funding.

Collaboration between industry and academia
on PGx knowledge and technology might need to
be better promoted by an appropriate European
funding programme and coordination efforts.

e In the USA and Japan the establishment of
consortia forms another pillar for networking
and  knowledge transfer. The Japan
Pharmacogenomics ~ Consortium  (started
in 2003) and the NIH Pharmacogenetics
Research Network (set up in 2000) provided
drivers for technology transfer in PGx. The
EU could benefit from similar consortia.

e A comparison between research budgets
in Europe and the USA revealed that US
research groups have on average twice the
financial resources available to European
groups. Several respondents attributed this
difference to the massive activities started by
the abovementioned NIH Pharmacogenetics
Research Network.

Barriers to PGx research identified by
interviews with industry

Low availability of DNA samples from well-

characterised patients.

Lack of clear evidence to relate drug response
(both safety and efficacy) to genetic status.

Low availability of public funding earmarked
for PGx research.

The complexities of dealing with intellectual
property rights (IPR) issues on the scale
involved in PGx are perceived as a major
“nuisance”. The process of identifying
and negotiating rights to patents on DNA
with a diverse group of owners is seen as
burdensome by the experts interviewed.

The high cost of PGx work. This includes
the scarcity of well-trained human resources
(e.g. in the field of bioinformatics), the high
level of complexity (DNA sampling, data
management, etc.) and the high costs of
clinical studies and genotyping.

The diversity and continuous change in the
practices regarding personal data protection
requirements followed by national authorities
of different MS are perceived as major
barriers to PGx research in the EU.

Researchers report a mounting bureaucratic
burden facing clinical trials undertaken in
the EU, as well as increasing difficulty in
meeting ethical and regulatory requirements.
The proliferation and continual updating of
protective measures, policies and guidelines
at national level create further challenges for
firms operating in the EU. Balancing privacy
concerns with future uses of the DNA samples
and adequacy of informed consent seems
difficult for clinical researchers to achieve,
yet is necessary to ensure the availability of
data on different patient populations for drug
efficacy and safety studies. Some experts call
for coordination of standards of the ethical
committees that oversee these processes.
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2. Clinical implementation of PGx tests

Broad application of PGx in the clinic is yet
to be achieved. The factors influencing clinical
uptake identified in the study are:

e Market size and the role of industry: In the
UK and Germany industry, i.e. Roche, played
a very active role in introduction of the HER2
test. In the smaller markets of the Netherlands
and Ireland, Roche was less active and the
drive was generated by patients and doctors.
Being less commercially attractive, TPMT
testing had limited support from industry in
the four countries analysed.

The role of industry in ensuring that diagnostic
tests reach clinical implementation is essential.
At the same time, the pharmaceutical industry’s
interest in PGx seems limited to large markets: it
has pushed HER2 and Herceptin in Germany and
the UK, but has been more passive on the Dutch
and Irish markets. It has expressed little interest in
PCx for TPMT.

* Level of use: Level of use varies highly
between countries with different clinical
protocols and acceptance levels. In Germany,
Ireland and the Netherlands HER2 testing is
an integral part of the breast cancer diagnosis
protocol. In the UK only 35% of cancer
centres routinely test for HER2 status. TPMT
testing in children with ALL is not obligatory
and, as a result, the frequency of testing
differs between the four countries.

Level of use of testing also depends on the
accepted clinical protocol, which is not the same

across countries.

*  Reimbursement: Clinical practices are
subject to financial constraints. Consequently,
the availability of reimbursement for
PGx tests can be a crucial driver for the
implementation of diagnostic technologies.
In the Netherlands local hospitals have to
make case-by-case decisions depending
on the available budget and the uncertainty
of reimbursement is perceived as a definite

barrier. On the contrary, in Ireland most PGx

tests are reimbursed without issue due to the
small scale of activities at present.

Unclear or difficult reimbursement procedures
for the tests are another major barrier to clinical

uptake.

e Patient support groups: Patient support
groups are crucial for the integration of PGx
tests, as exemplified by the active role played
by patients’ organisations in the introduction
of Herceptin. Patients are usually informed
that a number of tests will be run on their
tumour tissue, but HER2 testing is not
specifically addressed. However, patients are
increasingly informing themselves through
the internet and patients’ organisations and
ask their doctor about Herceptin and HER2
testing.

Patient groups can influence clinical uptake
by increasing awareness amongst their members
who then request the treatment/test thereby

increasing use.

*  Education: Lack of education and
training appears to be a strong barrier to
implementation. There is little formal training
or guidance for doctors and other medical
staff on how to interpret PCx test results and
only informal mechanisms to ensure that they

understand the interpretation sufficiently.

One very big barrier to implementation is the
lack of formal training and education. Introduction
of a PGx test requires education of a wide range
of medical staff; they have to learn to use and

interpret the tests correctly.

e Societal issues: There is a

perception that PGx tests are less problematic

common

in social and ethical terms than genetic
tests for inherited disease. Up until now, no
problems have been perceived by physicians
in asking for informed consent for an HER2
or TPMT test. Nonetheless, the possibility of
specific novel ethical concerns emerging in
the future about particular PGx tests cannot
be excluded. In particular, some future PGx
tests may have consequences for first-degree



family members, raising issues of privacy and
perhaps similar concerns to other forms of
genetic testing for inherited disease.

e Liability issues: In addition, parents of
children with cancer are said not to be
concerned with genetic testing. However,
as patients’ knowledge increases, physicians
might be sued for not testing children with
ALL in the event of severe toxicity from 6-
MP.

As more knowledge is gained about the
relations between drug metabolising enzyme
genotypes and the risks of adverse drug reactions,
fear of liability is likely to lead to a dramatic
increase in uptake of pharmacogenetics tests as a
technology that helps to protect doctors against
litigation.

e Cost-effectiveness analysis: This could
be very important in levelling some of the
barriers to clinical implementation. However,
the economic implications of PGx have
rarely been studied. In a recent systematic
review of cost-effectiveness analyses of
pharmacogenomic interventions in medical
literature, Phillips & Van Bebber [1] identified
only 11 studies that met the inclusion criteria

for a cost-effectiveness analysis.

e For both HER2 and TPMT testing, an
exploratory cost-effectiveness review was
performed for the pharmacogenomic

treatment strategy with current medical

practice. For the four participating countries

(Germany, Ireland, the United Kingdom and

the Netherlands),

parameters was collected from literature

information on model

and experts. The models established that
both HER2 and TPMT testing are cost-
effective. However, for both tests, there is no
correlation between cost-effectiveness and
levels of clinical implementation.

e Clinical validity and utility: There was
wide agreement across the four case study
countries that the clinical evidence base for
applying PGx is underdeveloped. To confirm
the clinical validity of genotype-phenotype

associations, detailed research is required.
However, as noted earlier, there is currently
insufficient public funding for such research
and lack of interest on the part of industry in
developing PGx applications for drugs with
expired patents.

3. Regulation of PGx products

Interviews were also conducted for
comparative analyses of the regulatory and quality
assurance frameworks in the USA, the EU and
four EU Member States (Germany, Ireland, the
Netherlands and the UK). In each country at least
five, and in some cases more than ten, interviews

were conducted with regulatory authorities.

e The development of PGx expertise at the
EMEA and FDA appears to have been
spurred by industrial enquiries. This has led
to pressure to develop new capabilities at
regulatory agencies issuing licences for the
US, EU and other markets.

e Inthe USA, the FDA has been very pro-active
on PGx, enlisting expert staff and issuing
guidelines for PGx-related drug licensing in
March 2005.

* In Europe the national agencies of Ireland,
the Netherlands, the UK and Germany
have received little demand directly from
sponsors in relation to PGx. PGx products
are being channelled through the EMEA.
The EMEA draws on national agencies for
its own expertise. Consequently, the lack of
capability-building at national agencies could
signal a need to bolster the EMEA’s pool of
expertise as the importance of PGx grows.
So far the EMEA has been able to draw on
academics and drug regulators for its PGx-
related activities.

*  The EMEA began focusing on PGx in 2000,
using workshops with stakeholders to address
emerging needs. In 2002 an expert group on
PGx was established, the first to be set up
by any agency. This expert group on PGx
includes academic and regulatory experts
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to advise on the approval of PGx-related
therapeutics. The EMEA will expand its
expertise to allow comprehensive assessment
of PGx diagnostics in the development of
drugs. However, the EMEA's licensing remit
is not expected to be expanded to the
approval of PGx diagnostics as “stand-alone”
products.

Use of PGx data in licensing decisions: It
is clear from the evidence gathered in this
study that almost all clinical trials carried
out by large pharma now involve gathering
genetic data, although this is not required for
regulatory submission purposes. The FDA
responded to the challenge of use of PGx data
in clinical trials with its voluntary genomic
data submission programme and a series
of draft guidance documents, culminating
in March 2005 with final release of the
pharmacogenetic guidance.? An FDA concept
paper was also recently produced on drug-
diagnostic co-development.® Since these two
sets of FDA documents were only recently
released, it is too early to analyse their
impact, although the study suggests that the
FDA approach has been broadly welcomed
by industry. However, challenges remain,
notably on the validation of biomarkers, with
the FDA favouring a more conservative view
of what constitutes a probable as opposed to
an exploratory biomarker.

European companies hope that the EMEA will
follow the FDA by issuing PGx guidelines, as
clarity from the regulatory agency on what is
needed is crucial for advancing PGx. In 2002
the EMEA began to discuss the use of genetic
data with sponsors through one-to-one
briefing meetings held outside the regulatory
process. The EMEA hopes to provide further
support for sponsors in the future, but there
are no definite plans as yet about compulsory
submission of PGx data by the EMEA.

2 http://www.fda.gov/cber/gdIns/pharmdtasub.pdf accessed on 1.6.2005.
3 http://www.fda.gov/cder/genomics/pharmacoconceptfn.pdf accessed on 1.6.2005.

Harmonisation: Evidence from this study
suggests that there appears to be general
support for greater harmonisation in industry.
However, industry is undecided about the
time scale over which this might be achieved.
Some respondents from industry were
sceptical about whether harmonisation on
global or even EU scale could be achieved;
others were keen that it should be achieved
and disappointed with progress to date,
while others felt that harmonisation should
not be aimed for too quickly in a field that
is changing rapidly to avoid making future
regulatory changes more difficult.

Licensing of PGx products: drug-test
combination or separate approval? The
licensing of therapeutics in combination
with diagnostics has presented significant
challenges to the FDA. A new Office for
Combination Products was established by the
FDA in 2002 to address some of the emerging
issues by taking the lead in combination
product (drug-test or drug-device) applications.
It is too early to say whether these measures
have substantially addressed consistency,
transparency and internal communication in
the process — issues that had caused some
concern. It is unclear as yet whether PGx-
based drug-test products will be defined as

“combination products” under US law.

Ireland, the UK and the Netherlands already
follow a single-agency approach with drugs
and devices licensed by the same agency
while Germany still has separate institutions.
According to the EMEA, Germany’s position
seems to be the more common among
other EU Member States, as comparatively
few countries have taken the single-agency
approach. In the EU the EMEA does
not approve diagnostic and therapeutic
combinations as the Agency does not have
primary responsibility for diagnostics and its
remit is limited to approval of therapeutics.


http://www.fda.gov/cber/gdlns/pharmdtasub.pdf
http://www.fda.gov/cder/genomics/pharmacoconceptfn.pdf

The In-Vitro Diagnostics (IVD) Directive
sets out a common regulatory process
for diagnostic devices in the EU which
include the test component of a PGx drug-
test combination. However, the EMEA is
concerned that the CE mark is granted solely
on the basis of technical accuracy and not
of clinical utility. This is important as the
evidence supporting clinical utility is regarded
as one of the main challenges facing PGx.

At present the EMEA can recommend
the use of a diagnostic test as part of the
labelling process. However, it is not clear
how diagnostic use could be enforced in
Member States or how non-marketed tests,
such as "home brews" developed in hospital
laboratories and outside the scope of the IVD

Directive could be regulated.

Labelling of new medicines with PGx
information and re-labelling of old products
to include new PGx information. To date
there are few examples in the EU of new
products requiring labelling to accommodate
PGx data. When such information about PGx
testing is required, there is no standardised
way of presenting it on the drug’s label or
data sheet.

Where new clinical data emerge which
suggest that a PGx diagnostic would
significantly improve the safety of a drug
already available on the market, there is a
legal mechanism (Article 31) that allows the
EMEA to recommend a change of labelling
to Member States. However, this has not yet
been applied for PGx. Similarly, the FDA
also has powers to revise drug labelling as
new data emerge and has already issued
new advice on the basis of PGx data. The
FDA presently handles the need to include
PGx data on the drug label on a case-by-
case basis.

O

In any situation where new data on a

licensed drug emerge, regulators have
emphasised the need to address scientific
uncertainties carefully and their duty to act

only on robust data.

Regulation of PGx testing in the clinic:
Should the clinical applications of PGx
grow substantially in future years, support
for quality control systems will increase
and become more important. This pattern
has been seen in a number of laboratory
disciplines in recent years, including testing
for genetic diseases.

Accreditation of clinical laboratories:
Accreditation schemes aim to provide an
independent inspection system that reviews
laboratory staff performance, infrastructure
and processes to maintain service quality.
Laboratory accreditation schemes have
been established in the USA, Germany,
the Netherlands, the UK and Ireland. The
accreditation system is often voluntary or,
where accreditation is encouraged, is not

enforced.

External quality assurance (QA) schemes:
Such schemes identify laboratories that are
performing poorly and provide them with
assistance. QA schemes are not sufficiently
developed in the USA and the EU in the area
of genetic testing.* Unsurprisingly there are
few dedicated PGx schemes as yet, although
HER2 schemes are well established in the
EU and USA, and a global TPMT testing
scheme is being piloted by a UK laboratory.
International schemes are of particular benefit
to small countries which sometimes lack the
“critical mass” to launch a national scheme.
Support for international QA schemes could
therefore be an important priority for the EU
in the field of PGx.

IPTS (2003) “Towards quality assurance and harmonisation of genetic testing services in the EU”, IPTS, Seville; OECD (2005)
“Quality Assurance and Proficiency Testing for Molecular Genetic Testing: Survey of 18 OECD Member Countries”, Paris:

OECD.
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M 1. Introduction

The study of inter-individual specific genetic
variation related to drug response is called
pharmacogenetics. The study of genomics and
proteomics information for identifying new drug
targets and their mechanisms of action is called
pharmacogenomics. Together pharmacogenetics
and pharmacogenomics are known as PGx. It
is often said that advances in these disciplines
could have a positive impact on drug discovery
and development allowing customisation,
selection, dosing, and routing of administration
of existing and new therapeutic agents thereby
facilitating truly personalised medical care.

Pharmacogenetics/genomics ~ might  enable

the pharmaceutical industry significantly to
enhance the productivity of drug discovery and
development. It might also allow pharmaceutical
companies to look again at drugs that have failed
because of low response rates in the general
population, targeting the drug at the people who
respond best. In healthcare, pharmacogenetics/
genomics could help reduce the overall cost of
disease management for the individual and bring
two main potential clinical advantages: minimised
adverse effects and improved therapeutic efficacy.
However, most of the expectations surrounding
the clinical application of pharmacogenetics
remain unfulfilled. Only a limited number of
applications have actually reached clinical
practice. The potential impact on healthcare
and the socio-economic implications are still
uncertain. To reduce some of these uncertainties,

IPTS embarked on a prospective study.

As PCx is a relatively young field, a
comprehensive picture of the state of the art in
the EU in terms of research activities, commercial
applications in drug development, structure of the
pharmacogenetics-related market/industry and

probable future developments has yet to emerge.
An assessment of the current situation and an
analysis of trends in the area of pharmacogenetics/
genomics were therefore deemed necessary.
IPTS, together with the European Society of
Human Genetics, organised a workshop in
March 2004 with 50 international experts from
different disciplines to review the field and discuss
potential socio-economic issues arising from
developments in this area.” The workshop served
to focus the abovementioned prospective study
that was carried out by the European Science and
Technology Observatory (ESTO). A number of tasks
in the study were assigned to Michael Hopkins
(SPRU, UK), Christien Enzing (TNO, Netherlands),
Jim Ryan (CIRCA, Ireland) and Sibille Gaisner (ISI,
Germany).

The ESTO study was structured around three
main tasks and this synthesis report follows the
same outline:

Part 1: Mapping key players, trends and
outputs of academic and industrial research and
development in the field of pharmacogenetics
and pharmacogenomics;

Part2: Clinicalimpact, in social and economic
terms, of two early examples of pharmacogenetics
and pharmacogenomics in four EU Member States
(Germany, Ireland, the Netherlands and the UK);

Part 3: Regulatory and quality assurance
frameworks: a comparative study of the USA, the
EU and four EU Member States (Germany, Ireland,
the Netherlands and the UK).

This synthesis report is based mainly, although
not solely, on the final reports on the contributions
from each partner. Their full reports and additional
information can be found on the JRC-IPTS website
(Www.jrc.es).

5  “Polymorphic sequence variants in medicine: Technical, social, legal and ethical issues. Pharmacogenetics as an example.”
ESHG/IPTS Background document. The Professional and Public Policy Committee (PPPC) (June 2004) http://www.eshg.org/

ESHG-IPTSPGX.pdf.
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IPTS is grateful for the help and input
received from Ignacio Garcia-Ribas, Detlef Niese,
Marisa Papaluca and Sandy Thomas, and would
like to thank especially the experts who took the
time to respond to our survey or participate in
interviewes.

Whilst this report represents the results of
original research, parts of the analysis have drawn
from prior and continuing work funded in the UK
by the Wellcome Trust (grants GRO61491MA,
GR063308,) the Economic and Social Research
Council and the Medical Research Council (grants
RES-151-25-0049, PTA-037-27-0029)°.

1.1 Methodology
1.1.1  Definitions and scope

The history of pharmacogenetics dates back
to the 1950s [2]. The term pharmacogenetics
is generally associated with inheritance. For
example, Weilshboum and Wong [3] define
pharmacogenetics as “the study of the role of
inheritance in inter-individual variation in drug
response”. Pharmacogenomics is a term that
emerged in the late 1990s and is often associated
with industrial application of genomics in drug
discovery [4].7 While many have struggled to
reach agreement on the precise meaning of the
terms pharmacogenetics and pharmacogenomics
([4-71, FDA 20029%), in this report the term PGx
is used to refer collectively to the science and
technologies associated with dividing patients
or populations into groups on the basis of their
therapeutic requirements using a genetic test. It
therefore includes activities related to classical
pharmacogenetics as well as studies of gene
expression or methods of disease stratification
related to predicting drug response. Although
more recently PGx has become associated with

molecular genetics, in this report the definition of

genetic test is not limited to methods that rely on
direct DNA analysis but also includes phenotypic
tests (e.g. those operating at protein, metabolite or
other biomarker level, such as IHC tests and other
non-genetics-based test methods) which can be
used to reveal an underlying genetic change
relevant during the therapeutic decision-making
process. It also includes both heritable and
somatic change as relevant to the field of PGx.

Pharmacogenetics and pharmacogenomics
are emerging interdisciplinary areas comprising
different specialities, such as medicine, IT, cell and
molecular biology, genomics, epidemiology and
pharmacology. According to the EMEA position
paper EMEA/CPMP/3070/01 (EMEA, CPMP2002),°
pharmacogenetics and  pharmacogenomics
combine the study of inter-individual variations in
DNA sequences related to drug response and the
study of the variability of expression of individual
genes relevant to disease susceptibility as well
as drug response at cellular, tissue, individual or

population level.

Consequently, the potential applications of
PGx are:

1) Research: Discovery of new drug targets and, as
a result, better drugs and better determination
of disease mechanisms;

2) Development: Creating tools for improving
the safety and efficacy of new and existing
drugs through new genomic knowledge and
technologies;

3)  Clinical
and efficacy in the clinical setting by

application:  Improving  safety
individualising pharmacotherapy based on

genomic tests.

A search term list was applied to search
manually for players in the public and private
sectors. The search terms were drawn from the
literature review and discussions by the project

6 Further details on this body of research are available from http://www.nottingham.ac.uk/ igbis/pgx, http://www.york.ac.uk/

res/pgx and http://www.sussex.ac.uk/spru/profile12105.html

7 http://www.wellcome.ac.uk/assets/wtd003274.pdf.

o]

http://www.fda.gov/cder/genomics/presentations/Meeting_Workbook_10May02.pdf.

9 EMEA; CPMP (2002): Position Paper on Terminology in Pharmacogenetics. http://www.emea.eu.int/pdfs/human/press/pp/

307001en.pdf, released on 21 November 2002.


http://www.wellcome.ac.uk/assets/wtd003274.pdf
http://www.fda.gov/cder/genomics/presentations/Meeting_Workbook_10May02.pdf

team. The fields of science and technology and

relevant regulatory infrastructure are rapidly
changing. For the purposes of this study, the
definitions of the key terms are therefore
deliberately broader than those often used by
practitioners and the field of PGx was delineated

by the following keywords:

DNA variation, DNA sequence alteration,
mutation, single nucleotide polymorphism (SNP),
drug response, drug metabolism, converting
enzyme, enzymatic activity, drug transport(er),
human P-glycoprotein, drug receptor, disease
development, drug action, drug efficacy, sensitivity,
toxicity,reaction, geneexpression, RNA, ribonucleic
acid, drug design, drug discovery, clinical trial,
mechanism, disease

disease predisposition,

disease  pathway, pathogenesis, diagnostic
tool, asthma, endothelial cell, cardiovascular
disease, lipoprotein, cancer, blood-brain barrier,
neurological disease, neurodegenerative disease,
schizophrenia, disorders,

depression, bipolar

alcoholism, tobacco addiction, opioid system.

1.1.2 Research organisations

In order to identify research groups and
their research topics, a three-step strategy was
applied. In the first step internet search engines
were used to identify country-specific internet
pages. The second step continued at URL-specific
and country-specific level in order to search in
scientific journals, in the membership lists of
national and international associations, publication
databases and recent conference documentation.
The third step involved matching the internet
hits with the authors of scientific literature using
a database of journal articles and PCx books
compiled at Fraunhofer ISI.

10 Unpublished data.

1.1.3 Companies

The analysis of the industrial development of
PGx builds on work undertaken as part of a project,
funded by the Wellcome Trust, on the clinical and
commercial development of pharmacogenetics
[8]. This involved a survey of the global industry
working in this area and identified the main ways
in which firms are developing PGx technology.
The ESTO survey on the global industry working

in this area built on this.

All possible firms claiming an interest in PGx
(“the wider PGx universe”) were identified from
the following sources:

e The abovementioned Wellcome Trust project
(approximately 100 firms analysed in detail);
e A

genomics

recently completed study of global

companies (over 600 firms

analysed in detail);"

e The UK, European and North American
Biotechnology Handbooks;

e PGx-related alliances on the ReCap.com
database;"

e Genetic Engineering News database of the
global biotechnology industry;™

e Contents pages of industrial market research
reports."

In addition, NewsAnalyzer'> — a database
150 000 press
biotechnology industry - was searched for the

of over releases on the

terms pharmacogenetic*, pharmacogenomic*,
personalized and personalised medicine. This
generated a list of over 300 firms, which were also
added to the wider search universe. Altogether,
well over 1 000 firms were examined.

11 UK Biotechnology Handbook (2003) London: BioCommerce Data Ltd; European Biotechnology Handbook (2003) London:
BioCommerce Data Ltd; North American Biotechnology Handbook (2003) London: BioCommerce Data Ltd.

12 www.recap.com.

13 http://www.gendatabaseonline.com.

14 These were found at www.marketresearch.com.
15 www.newsanalyzer.com.
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[t should be noted that this search protocol
has proven highly effective in other studies, but it
depends critically on how firms present themselves
intheir public documents (press releases, websites,
annual reports, etc.). A very small number of firms
with a minor interest in PGx could be omitted if
they do not identify themselves as working on
pharmacogenetics, personalised medicine or
other related search terms.

1.1.4 Online survey

To gain insight into the frame conditions for
PGx research, such as financing, networking and
collaboration between academia and industry,
the research teams identified were asked to
participate in an online survey carried out in
November and December 2004. The response
rate averaged 27%. Low response rates (below
10%) were observed for the USA and Japan. No
response was received from Norway and Austria.
The poor response rate from Japanese and US
research teams could be due to the low interest
in European research policy as it plays no role for
overseas players. The same behaviour was also
experienced in telephone interviews.

Altogether 60 answer sheets could be
analysed. A total analysis was carried out only
for cases with too low a national response rate
or where no national differences could be
observed.

1.1.5 Interviews

The information compiled from desk
research and the online survey was verified and
completed by questionnaire-guided telephone
interviews with management staff from leading
companies and researchers from the high-ranking
research organisations identified. The companies
interviewed were chosen to represent different
types of business models, research interests and

geographical locations (Table 1-1).

Within each of these organisations, a senior

executive responsible for pharmacogenetic

activities was interviewed by telephone. Each

person interviewed was provided in advance with
an outline of the study and of the purpose of the
interview. They held posts such as Head/Director
of Pharmacogenetic or Pharmogenomic Activities
(5), VP for R&D (2), CEO (2), Director of Discovery
and Director of Regulatory Strategy.

An industrial perspective was sought to
provide international comparisons between the
regulatory environments in the EU, the USA, Japan
and EU Member States through interviews with 15
firms (see Table 1.1, grey background). The firms
interviewed were asked, in particular, to comment
on how US policies, as set out in the FDA’s 2005
guidance, and EU policies, such as the IVD
Directive and frameworks developed by the EMEA,
affect industry’s development of PGx products.

Interviews were also conducted for
comparative analyses of the regulatory and quality
assurance frameworks in the USA, the EU and
four EU Member States (Germany, Ireland, the
Netherlands and the UK). In each country at least
five, and in some cases more than ten, interviews
were conducted to gain a range of perspectives
(including those of government health policy,
a regulatory agency and a laboratory service).
Where possible, multiple interviews were sought
from each perspective. See Annex 1 for details of

interview sampling.

1.1.6 Patent analysis

Every patent held by the firms identified
from the internet, directory and press release
sources as being involved in PGx was analysed.
This means that all patents for small companies
were reviewed. Patents of large companies after
1995 were reviewed. This method was used in
preference to searches for sets of keywords due to
the difficulty of undertaking Boolean searches on
the USPTO website and the slow interface speed.

1.1.7 E-mail survey

In order to understand the range and extent
of factors influencing clinical implementation of
HER2 and TPMT testing, an e-mail survey targeted



I Table 1-1: Organisations interviewed

Company Country Sector

Abbot Laboratories USA Large Pharma
Astra Zeneca UK Large Pharma
Biocenter Basel Switzerland Research Institution
DakoCytomation Denmark A/S Denmark Diagnostic/Bio-Pharma
Dr. Margarete-Fischer-Bosch-Institut fir Klinische Pharmakologie Germany Research Institution
DxS Ltd UK Service

Epidauros Biotechnology AG Germany Service
F.Hoffmann-La Roche AG Switzerland Large Pharma
Genaissance Pharmaceuticals USA Diagnostic/Service
Glaxo SmithKline UK Large Pharma

ICON plc USA Contract Research Org.
Institut flir Pharmakologie, Kiel Germany Research Institution
Karolinska Institute Sweden Research Institution
Millennium Pharmaceuticals Inc. USA Bio-Pharma
Novartis Pharma AG Switzerland Large Pharma
Pfizer Research UK Large Pharma
Sanofi-Aventis (former Aventis) Germany Large Pharma
Sanofi-Aventis (former Sanofi) USA Large Pharma
Schering AG Germany Large Pharma

St. Jude Children’s Research Hospital USA Research Institution
Wyeth Pharmaceuticals USA Large Pharma

Grey background: companies

on relevant clinical sites (e.g. oncology and
haematology departments, breast cancer clinics
and paediatric hospitals) requested information
addressing several dimensions of the clinical
practice of such tests. This included possible
infrastructure, financial, perceptional, educational,
social and legal barriers to implementation. The
level of implementation within the respondent
group was based on consistency of use, measured
as the percentage of patients actually tested before
they receive treatment.

A mailing list of physicians and heads of
departments possibly involved in HER2 or TPMT
testing was compiled for the countries targeted

by the survey: the UK, Ireland, Germany and
the Netherlands. The sample surveyed consisted
of 407 physicians from those four countries. The
survey attempted to include as many relevant
hospitals and clinics as possible in each country,
by contacting local networks. The survey was
sent out by e-mail. A total of 111 responses were
obtained from physicians; some completed the
questionnaire, others replied that they do not
perform the test. Respondents were asked to
complete the questionnaire in their own language
or give their view on the topic. They were given
two weeks for submission, after which two
reminders were sent.
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B 2.Global R&D activities

Public- and private-sector PGx in the EU
was mapped, including a comparison of research
activities, different forms of technology transfer
and framework conditions. Trends that distinguish
American andJapanese from European approaches
were identified.

2.1 Public sector

The mapping  exercise

found 264 research organisations worldwide

public-sector

with a close interest in pharmacogenetics and
pharmacogenomics. As illustrated in Figure 2-
1, 166 institutions were identified in Europe, 73
in the USA and 25 in Japan. The relatively low
number of research groups in the USA could be
due to methodological reasons. Firstly, in order
to identify PGx research groups, researchers
were asked to comment on the lists of groups
already identified and to add any missing ones.

B Figure 2-1: PGx research groups worldwide

This iterative process worked only at European
level, however, due to the lack of response from
US groups. On the other hand, the low number
of research groups could reflect their structure,
not their activity. As shown by the online survey,
research groups in the USA tend to be bigger and,
on average, have twice as many researchers as
European teams (data not shown).

The study confirmed that PGx research is a
field of growing interest. Nearly two thirds of the
research groups responding had increased their
number of staff, and one third had remained at
the same level. Only 3% of all research teams had
shed staff.

The survey also showed that PGx is a highly
interdisciplinary field. This is reflected in the
composition of research groups. In most countries
researchers with a biological and a medical
Other
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B Figure 2-2: Trends in  research  staff
development the last 5 years
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backgrounds, such as mathematics/IT, chemistry
and pharmacology/pharmacy are represented
in only some of the research teams. In Europe,
German and UK research groups tend to be
more homogeneous rather than to integrate all
disciplines. It emerged from the interviews that
these groups use publicly available tools more
often to deal with mathematical problems and the
IT aspects of PGx rather than include these skills
in their own research team. This apparent lack of
awareness of the interdisciplinarity required in
PGx research could cause problems with efficient
data analysis.

2.2 Private sector

In order to compile a list of companies
active in the field of pharmacogenetics and
pharmacogenomics, the private sector was
mapped. Initially a total of some 300 firms
claiming an interest in PGx were identified from
press releases. For example, one firm with a minor
interest in PGx (Dakocytomation) was missed. This
is probably because none of the company’s 28
press releases on NewsAnalyzer included either
theterm pharmacogenetics or pharmacogenomics.
It is highly unlikely that many other companies

with PGx activities were missed. All firms were

then examined via their company websites
and data contained in industry directories. The
operational definition of pharmacogenetics was
used to identify firms with a genuine interest
in this field. This reduced the numbers very
considerably to the core group of companies
plus another group with a minor interest in the
technology. Companies were defined as having
an interest in PGx if they had active research or
product development programmes relating to the
technology. They were not included if they simply
discussed the general idea of PGx/personalised
medicine as part of their corporate background
information, but showed no signs of actively
working in the field. Firms were listed as having a
minor interest in PGx on the basis of the following
criteria only: a) PGx was not the main focus of
the company; b) work on PGx constituted only a
very small fraction of their overall R&D portfolio;
c) at most they had only a single product on the
market or under development. By contrast, firms
with a major interest in PGx had the technology
as a major part of their overall R&D strategy and
normally had multiple products on the market or
under development.

All core firms were then profiled in detail
from primary company documents and websites,
including location, age, number of staff, research
spending, PGx-related technology and products
and services sold/under development. Their
products and services were also classified in
relation to the technological options identified,
enabling comparison between firms and
more detailed analysis of the development of
particular groups of technologies. All PGx-related
collaboration was identified from company
documents/websites, ReCap.com and a search of
NewsAnalyzer. Each case was then validated one
by one. Data on the investment made by large
firms in PGx were derived from the pattern and

focus of their external research collaboration.

The private-sector mapping revealed highly
dynamic behaviour in terms of number of
companies. In the course of the project the number
of companies with PGx as their core activity
declined continuously. This was due to insolvency



[ Table 2-1: Firms that were involved in PGx in 2002

Acadia USA Disinvested

Clingenix USA Ceased trading

DiaDexus USA Disinvested

DNA Sciences USA Acquired by Genaissance. Still working on PGx
Genome Therapeutics USA Merged (Oscient Pharmaceuticals). Disinvested
Incyte USA Disinvested

NuTec USA Ceased trading

Orchid USA Disinvested

Phase-1 USA Ceased trading

SignalGene Can Ceased trading

Structural Bioinformatics USA Merged (Cengent Therapeutics). Disinvested
Variagenics USA Acquired to form Nuvelo. Disinvested

Visible Genetics USA Acquired by Bayer. Still working on PGx
GaiFar Ger Ceased trading

Gemini Genomics UK Acquired by Sequenom. Disinvested.

HiberGen Ire Ceased trading

Oxagen UK Disinvested

Sciona UK Disinvested

of companies, mergers and strategic repositioning
of companies to other lines of business. It is also
interesting to compare the recent data with an
earlier survey and mapping exercise conducted
in 2002. One of the most striking features is the
high attrition rate, with 18 firms (approximately
40% of the total) which had been in the core PGx
universe (excluding tools, kit and software) in 2002
no longer active in this field (see Table 2-1). Out
of these, one (DNA Sciences) had been acquired
by another firm listed in the core universe and
one (Visible Genetics) by a large pharmaceutical
company, six had ceased trading altogether, six
had disinvested from the technology, with no
evidence of work on PGx in any of their public
documents, and another four had been acquired
by other biotechnology firms. Of this final group,
none listed current R&D programmes on PGx in
its public documents.

It is difficult to obtain data on the large

pharmaceutical ~ companies  working  on
pharmacogenetics due to issues of commercial
confidentiality. Some details of their activities are
discussed below, but the main focus of this analysis
is on the small and medium-sized enterprises

(SMEs), for which information is available.

As described earlier, the pharmacogenetics
industry was broken down into a core universe of
47 SMEs with a significant interest in developing
the technology and a further 18 SMEs with a
minor interest in this area (see Annex 1 for tables
providing full details of all the 47 firms in the
core group, including their location, size, age
and technology focus. Annex 2 summarises the
investment being made in PGx by firms with a
minor interest).

The main firms are split roughly 60/40
between North America (29 firms) and Europe
(18), with five UK firms, three German and two
French. The oldest public core PGx companies
in the USA are Interleukin Genetics (founded in
1986) and Genelex Corp (1987). The oldest public
core PGx company in Europe is Dakocytomation
(founded in 1966). The early "90s saw a number
of start-ups in the USA, and from 1996 on strong
activity can be observed in Europe (Figure 2-3).

Out of the core group, 19 are focusing solely
on developing PGx diagnostic tests, nine are
both developing diagnostics and supporting drug
development, either in-house or in partnerships
with other companies, 11 are involved in providing
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I Figure 2-3: Public PGx companies: start-ups in Europe and the USA
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PGx-related support services and another eight are
producing specialist tools, kits and software. Only
a relatively small proportion of these (19 or 40% of
the 47 firms in the core universe) can be described
as dedicated pharmacogenetics companies.
This illustrates the fact that PGx is often only
one of a number of commercial activities being
undertaken by these companies. For example,
several companies in the group working on both
diagnostics and drug development are relatively
large and well-established biotechnology and
genomics firms involved in drug discovery
and development (e.g. Curagen, Millennium,
deCODE and Genset). The same is true of firms
working only on diagnostics, with several large
diagnostic companies involved in nucleic acid
testing investing in PGx (Celera Diagnostics, Axis-
Shield, Dakocytomation and LGC). By contrast,
the bulk of the firms providing PGx services, such
as genotyping, DNA banking, etc., are focusing
exclusively on this area (Table 2-2).

Out of the 19 dedicated PGx firms all but one
(ViroLogic) were started up between 1997 and
2004, four are public companies (Genaissance,
DNAPrint Genomics, ViroLogic and The Brain
Resource Company) and most are small, with only

three (Genaissance, ViroLogic and Epigenomics)
having more than 100 staff.

Moreover, another four firms still in the
core universe (Curagen, Millennium, ExonHit
and Genset) have significantly reduced their
investment in the technology. However, during
the same period another 19 firms joined the core
universe, leaving the total size of the PGx sector
virtually unchanged.

Therelatively small total number of firms in the
core universe, the lack of a large group of dedicated
PGx companies and the high attrition rate and
signs of disinvestment by incumbents highlight
the lack of a well-developed market for PGx
and the problem of establishing a commercially
viable business model for the technology. Most
companies see PGx as an additional tool in
the drug development toolbox. Their intention
is to broaden their approach to “personalised
medicine” which is technically wider than PGx
(products). Only diagnostic companies see a pure
market for PGx products. Despite this, the field
is continuing to attract commercial interest, as
demonstrated by the significant number of new
firms that have been created to work on PGx in
the last three years.



I Table 2-2: Core universe of firms working on PGx

North American firms

European/other firms

PGx drug development & diagnostics (5)

PGx drug development & diagnostics (4)

Curagen USA Astex Technology UK
Egeen USA deCODE/Encode Ice
Genaissance (DNA Sciences) USA Epidauros Ger
Millennium USA Genset (part of Serono) Fra
Myriad Genetics USA
Diagnostics only (11) Diagnostics only (8)
Celera Diagnostics USA Axis-Shield UK/Nor
DNAPrint Genomics USA Dakocytomation Den
Genelex USA Epigenomics AG Ger
Genomas USA Ipsogen Fra
Genomics Health USA Jurilab Fin
Gentris USA LGC UK
Interleukin Genetics USA TheraStrat Switz
Prediction Sciences USA Vita Genomics Taiw
Prometheus Laboratories USA
Third Wave USA
ViroLogic USA
PGx services (incl. samples) (7) PGx services (incl. samples) (4)
First Genetic Trust USA The Brain Resource Company Aust
Gene Logic USA CXR UK
Genizon Biosciences (Galileo Genomics) Can DxS UK
Genomics Collaborative USA Medigenomix Ger
Pergelen Sciences USA
Seryx USA
Viral Therapeutics USA
PGx tools, kits and software (6) PGx tools, kits and software (2)
Affymetrix USA Amersham Biosciences UK
Golden Helix USA Biotage Swe
Nanogen USA
Sequenom USA
Tm Biosciences Can
Waban Software USA

Firms with a minor interest in PGx
North American firms European/other firms
Amgen USA AdnaGen Ger
ARCA Discovery USA Exon Hit Fra
Cardinal Health USA GeneScan Europe (cyp chip) Ger
Ellipsis Can HepCgen (viral genotyping) UK
GeneOhm Sciences USA IntegraGen Fra
InSite Vision USA Memorec Biotec Ger
NeoPharm USA PharmaMar Spain
Panacea Pharmaceuticals USA Solvo Biotechnology Hungary
PolyGenyx USA
TriPath Imaging USA

It is difficult to measure large companies’
level of interest in PGx directly, as few companies
give details of their in-house programmes on their
websites. Therefore a number of indirect means
were used to assess large companies’ activity in
this area, including analysing large companies’
collaboration in PGx and their patenting activity.
Table 2-3 contains an overview of the total number
of alliances and patents in the field of PGx. A

total of 32 large companies were involved in 113
(41%) of the 273 PGx alliances. These were split
between development of in-house capabilities
through acquisition of equipment and services
(27), application of PGx to drug discovery and
development (63) and development of diagnostics
(23).

In terms of intellectual property, only 13 of
the 26 EU/US companies listed in Table 2-3 held
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I Table 2-3: Large firms investing in PGx

Firm Location Total alliances (1997-2004) No of patents
US companies (13) (48) (24)
Abbott Laboratories USA 3 15
Amgen USA 1 2
Biogen USA 4 0
Bristol-Myers Squibb USA 8 2
Genzyme USA 1 -
J&J (Janssen) USA 1 0
Lilly USA 3 0
Merck USA 4 2
Millennium USA 3 -
Pfizer (Pharmacia/Parke-Davis/Warner

Lambert) Heh 9 !
Proctor and Gamble USA 1 -
Schering Plough USA 1 0
Wyeth USA 3 2
EU companies (13) (54) (20)
AstraZeneca UK/Swe 8 1
Aventis (RPR) Fra/Ger 6 0
Bayer Ger 7 2
bioMerieux—Pierre Fabre Fra 1 -
Boehringer Ingelheim Ger/Aus 2 2
Ferring Swe 1 -
Glaxo SmithKline UK 16 1
Novartis Switz 2 4
Novo Nordisk 1 1
Roche (including Roche Diagnostics) Switz 7 9
Sanofi Syntholabo Fra 1 0
Schering AG Ger 1 -
Serono Switz 1 -
Japanese companies (6) (7) (1)
Fujisawa Jap 1 0
Ono Pharmaceuticals Jap 2 0
Sumitomo Jap 1 1
Daiichi Jap 1 -
Mitsubishi Pharma Jap 1 -
Sankyo Pharma Jap 1 -

Note: Companies making the greatest investment in PCx highlighted in bllue. Other companies with significant investment highlighted

in yelllow.

PGx-related patents (a total of 44 PGx patents
were identified). It should also be noted that
almost all of these patents are gene-specific and
only mention PGx alongside a number of other
applications related to diagnosis, prognosis and
disease stratification. Consequently, it seems
that few companies are conducting in-house
research directly on PGx in general and that
most pharmaceutical companies have been
gaining access to core PGx technology either
by purchasing specialist services or through
research collaboration. It is notable that the only
European company with a significant number of
PGx-specific patents is Roche (including Roche
Diagnostics), which has IP on the use of a number
of drug metabolising enzymes and methods for the

detection of polymorphisms. Given the significant

number of alliances in which it is already involved
(7) and the launch of Amplichip, it can be seen as
the leading large European company in this field.

2.2.1 Research areas and targets

In the online survey on PGx, research
groups were asked to specify their objectives in
terms of basic and applied research. They could
choose more than one objective. Public research
groups aim at both basic and applied research
in nearly equal proportions. Elucidation of basic
mechanisms and diagnostic applications account
for 24% and 22% of all activities. Pharmaceutical
applications combining basic and applied
research along the value chain make up another

16% of all activities. Research objectives vary



between countries. Whereas the UK has a strong
focus on basic research, German research groups
are more often active in the field of validation and
standardisation of tests.

The main targets for PGx research by public
research groups are the entire population or
specific subgroups. The most important target of
groups working in this area is selected patient
groups. Animal, cell and microbial systems are
of less importance in PGx research. Research
subjects deal with all types of organs and

biological subsystems.

There seem to be some specific national
fields of interest. For example, research on lipid
metabolism is mainly carried out in the USA,
whereas some German and UK research groups
focus on research on the immune system and
gastrointestinal tract. However, the sample was too
small for these hints of special national interests to
be considered representative.

For nearly 80% of all the public-sector
research groups which answered, SNP analysis
is the basic approach of their PGx research.
65% analyse enzymatic activity. This approach
aims at elucidation of biomedical questions, as
summarised in Table 2-4.

I Table 2-4: Biomedical questions addressed
by PGx research in the public sector

Biomedical questions  Percentage of answers

Metabolic pathways 52
Disease mechanisms 27
Disease predisposition 27
Inflammation 20
Pathogenesis 17
Immunity 13
Signal transduction 12
Regulatory circuits 5
Apoptosis 3
Regeneration 2

An earlier study by Martin et al. [8] mapped
the main technological options for the commercial
development of pharmacogenetics (PGx) [9, 10].

These can be divided into 12 options under six
broad headings related to the discovery and
development of new medicines and to the
prescription and marketing of therapies already
licensed:

e Drug discovery;

e Safety of drugs under development;

e  Efficacy of drugs under development;
e  Safety of licensed drugs;

e Efficacy of licensed drugs;

e Stratification of diseases and infectious agents
into sub-types.

As PGx offers services at all stages of drug
discovery and development, companies have
interests in the various links along the value chain
of the pharmaceutical innovation process.

The synopsis of the main technological
options that each firm is working on provides
an analytical framework for examining which
technological options are currently of greatest
commercial interest. Although it is a crude
indicator, the number of firms working on a given
option provides a useful idea of its prospects of
being successfully developed in the near term,
as options attracting little investment stand little
chance of being introduced.

These data are summarised in Annex 3 and

point to a number of key conclusions:

a. Commercial interest in pharmacogenetics
is spread across the whole process of drug
discovery and development. However, the
vast majority of interest is concentrated on just
seven of these options, with little commercial
investment in drug rescue (either safety or
efficacy), market extension strategies, post-
marketing surveillance or the use of efficacy
data in marketing existing drugs.

b. Most investment is being made in services
and products supporting pre-clinical and
clinical drug development. This is followed
by the development of diagnostic tests as
an aid to prescribing and to enable disease
stratification for drugs developed. A smaller
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number of firms are also providing services
to support drug discovery.

c. Firms supporting the application of PCx to
clinical drug development are focused on
both safety and efficacy. They are offering
a range of services (including Absorption,
Distribution, Metabolisation and Excretion
(ADME) testing, toxicity screening, genotyping
and association studies) and products (genetic
tests for ADRs, ADME/CYP450 assays and
chips, database of ADRs and software tools).
These are being sold predominantly to large
integrated pharmaceutical firms.

d.  Firms developing technologies to support pre-
prescription genotyping are almost entirely
focused on developing diagnostic tests as
distinct products, rather than selling services.
Almost all of these firms are dedicated

diagnostic companies, with only a few also

working on drug development (Genaissance,

Egeen, deCODE). Most interest is being

shown in developing efficacy tests (16 firms),

with slightly less support for safety testing (11

firms) and disease stratification (10 firms).

e. The small group of firms supporting drug
discovery mainly provide support services

to large pharmaceutical companies with the
emphasis on ADME, CYP450 and toxicity
analysis and testing.

2.2.2 PGx products in the pipeline

As described earlier, PGx applications can be
analysed from two perspectives. On the one hand,
PGx is seen as a tool in the drug development
toolbox. In this respect PGx applications will not
be products in their own right but a method to
develop new drugs. This approach is seen as one
step further towards “personalised medicine”.
On the other hand PGx applications will lead to
new tests and test kits that will be products for the
diagnostic industry.

In order to gain insights into upcoming
products and developments in the private sector,
a patent analysis was carried out, as described
in the “Methodology” section. Only 50% of the
companies identified as core PGx companies,
based on their research activities and their own
presentation, hold PGx-related patents. One in two
PGx companies hold no patent (see Figure 2-4).

Patents do not directly indicate new products

but rather research areas. Hot spots of activities

B Figure 2-4: Number of core PGx companies holding patents
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are various cancer indications, cardiovascular
disease, obesity, diabetes and asthma.

To add to the patent analysis, respondents
from the private sector were asked to predict
future PGx products. Most companies were
unable to answer this specifically. However, there
was general agreement that the main early test
would be in oncology due to the greater ability
to characterise samples from which PGx data and
therefore genetic markers could be defined. Also,
many current drugs have poor efficacy and thus
the potential for major improvements is very high.
One respondent stated that there was a good
chance to close the PGx/diagnostics linkage in this
area. Another saw inflammation and autoimmune
diseases as a second area for products in the near
future. Nevertheless, experts were sceptical about
the time-scale for PGx products. Some respondents
considered 3 to 5 years realistic for PGx-related
oncological products, whereas others stated that,
even in such an advanced sector as oncology,

products are “not around the corner”.

By contrast, experts were more precise
about the diagnostics sector, where the relevant
companies forecast a huge number of different
tests for the near future. As an estimated 35 million
molecular diagnostic tests were carried out in
hospitals and laboratories in the USA in 2003, a
large market already exists. This is forecast nearly
to double to 67 million tests per annum by 2009
[11]. Infectious disease testing and blood banking
applications are leading the way at present, but
pharmacogenetic  predisposition  diagnostics
and molecular cancer diagnostics applications
will follow soon [11]. At present the molecular

diagnostic PCR segment is divided into four areas
of customer interest:

e Academic (45%);

e Pharma (25%);

e  Biotechnology (10%);
e Clinical (20%).

In all, some 49 tests are either in use or under
development. Of these, just over half (26) are
already available for some kind of experimental
or clinical application. However, relatively few
have formal regulatory approval. Furthermore, the
extent to which they are used in practice is very
difficult to assess, as some tests that are available
have been developed purely as “proof of concept”
diagnostics and are not likely to be marketed as
commercial products. These data are summarised
in Table 2-5.

Details of all diagnostic products currently
offered for some kind of research or clinical use
and of all new tests under development by the
firms in the PGx universe (including firms with
a minor interest) are given in Annexes 4 and 5.
It is difficult to draw a clear distinction between
general services offered, discreet tests and stand-
alone products. The data in Annex 4 therefore
include some tests that might only be available
in a particular company’s laboratory. The tests
described in Annexes 4 and 5 can be classified
under five broad headings:

1. PGx tests for drug metabolism

The main group of established tests are for
drug metabolising enzymes (DMEs — mainly

B Table 2-5: Commercial PGx tests available for use or under development

In use Under development All
Type of test US tests  EU/other tests Total US tests EU/other tests  Total Total
Drug metabolism 6 8 14 1 0 1 15
Anti-viral drug resistance 4 1 5 2 1 3 8
Cancer (disease stratification) 2 3 5 3 3 6 11
Other conditions 3 1 4 8 3 11 15
TOTAL 14 12 26 14 7 21 49

NB: This includes the two products produced by big pharma (Bayer’s HIV genotyping test acquired via Visible Genetics and Roche’s

AmpliChip).
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Cytochrome P450 alleles), which are being sold on
the two main markets mentioned earlier: studies of
drug metabolism during pre-clinical and clinical
drug development, and pre-prescription patient
testing. They are offered in a number of different
forms, including in-house laboratory testing,
assays and kits for use in third-party laboratories,
DNA microarrays (chips) for use in point-of-care
diagnostics, and even direct-to-consumer testing
services (Genelex). The growing number of chip-
based diagnostics is a significant development,
as this technology offers the possibility of lower-
cost/higher throughput analysis in the longer
term. There is only one commercial provider of
DNA-based TPMT testing, largely due to a patent
on it (licensed by Prometheus Laboratories from
Genaissance). In addition to these tests offered
by firms in the core PGx universe, Roche recently
launched its AmpliChip as a technology platform
for PGx and related testing. The first application is
CYP450 testing.

In terms of tests under development for DMEs,
it is notable that only one additional firm (Gentris)
is looking to enter this market. This probably
reflects the relatively large number of established
providers of these products and services, and the
presence/entry of large incumbent diagnostics
firms (Amersham, Roche), which have strong
marketing capabilities.

2. Anti-viral drug resistance testing

Another group of relatively well-established
PGx tests are for viral genotyping, in order to
identify anti-viral drug resistant sub-types as a
means of guiding therapy. Assays and test kits are
currently marketed for both HIV and hepatitis
C (HCV) and are also under development for
hepatitis B. In addition to the tests produced by
the firms in the core universe, Bayer is marketing a
test for HIV drug response following its acquisition
of Visible Genetics.

3. Cancer PGx testing (disease stratification)

One of the areas attracting increasing
attention is the possibility of using somatic genetic

profiling of tumours as a means of stratifying
cancers into sub-types based on their response
to new and existing chemotherapies. The tests
offered by Genomic Health and Myriad and those
under development by DNAPrint Genomics,
Epigenomics and Ipsogen are largely aimed at
improving the use of established drugs, such as
Taxol, Tamoxifen and Carboplatin. By contrast,
the tests offered by Dakocytomation and Ipsogen
and those under development by ViroLogic and
DxS are designed to guide development and
use of the new generation of “targeted” cancer
therapies, including Herceptin, Glivec, Iressa and
other drugs aimed at the EGFR gene product.

4. PGx tests for other diseases

A number of other PGx tests are also
available. These include tests to guide the use
of albuterol therapy (asthma) and drugs to
treat rheumatoid arthritis (RA) and glaucoma.
In addition, Genaissance has created a test to
assess an individual’s risk of contracting Long-
QT syndrome. There are also a relatively large
number of tests under development for drugs to
treat important common conditions, including
response to statins (hypertension), clozapine
(schizophrenia), SSRIs (depression) and anti-RA
drugs. However, many of these are still at an early
stage of development.

5. Other applications of PGx

[t should be stressed that the main focus
of commercial activity amongst the firms in
this survey, as opposed to large integrated
pharmaceutical companies, is on diagnostic
products and services.

The analysis that most PGx applications are in
the field of drug development, including clinical
studies, was endorsed by experts. This means that
the pharmaceutical industry will benefit directly
from these products. Physicians and patients will
not avail themselves of the tests but will benefit
only indirectly from innovative drugs.

In contrast to earlier publications [12, 13],
companies stated that at present PGx plays no



role in the reinvestigation (“rescue”) of failed or
recalled drugs and substances.

2.2.3 Major scientific and technical barriers
and drivers

With

requirements for PGx, there was a clear consensus

regard to the core technological

amongst most respondents that there are no major
technical barriers.

Problems identified include:

e Low availability of samples from well-
characterised patients. This is a problem in
PGx research, both in terms of availability
of such samples and also the ethical issues
surrounding the process (see below).

e Lack of clear evidence to relate drug response
to genetic status. This is the critical link and
has been defined for only very few cases to
date.

e In terms of access to technology, the process
of identifying and negotiating rights to patents
on DNA with a diverse group of owners is a
major “nuisance” to some respondents.

e The high cost of PGx work, including the
capital and hiring cost of setting up a PGx
team, is an obstacle to PGx research. This
includes the availability of well-trained human
resources (e.g. in the field of bioinformatics).
PGx can add a high level of complexity
(sampling, data management, etc.) to a
clinical study which has not yet been proven
to be justified. The cost of genotyping can be
very high and can be prohibitive.

e The bioinformatics systems are not vyet
adequate to cope with the huge volumes
of data. Data
interpretation”

“integration rather than

remains the challenge
Also,

organising data collection is a problem in

according to some respondents.
terms of collecting only the data for the
ongoing study that has ethical approval, as
“off-the-shelf” arrays will often collect data

on other parameters. However, to devise

customised arrays for every trial is too

expensive.

e Some respondents stated that instrumentation
and methodologies used in PGx are new and
require further development. However, this
opinion was not shared by all respondents.

e The actions of ethical committees pose a
major barrier to PGx research. Moreover
large clinical trials may need to include
patients from several states, which in the EU
adds an additional level of complexity due to
lack of harmonisation of ethical requirements
(see Chapter 4).

e Diverse practices related to data protection at
MS level are perceived to pose a significant
barrier to research.

Respondents from the public sector mostly
agreed to the barriers mentioned by the private-
sector experts (see above). From their point of view
an additional major barrier to PGx research is the
limited access to private-sector databases. In their
opinion companies’ genetic sample databases
would offer a huge chance for linking genetic
markers with disease. Access to the industry’s
PGx trial information could stimulate research
enormously [14]. This should be promoted by
appropriate European funding programmes (see
section on “Framework conditions” for details).

Companies’ PGx activities are mainly
science-driven rather than market-driven. Some of
the companies surveyed were founded directly by
scientists who saw a technical opportunity in this
field. However, most companies gradually built
up PGx in-house as an area of activity. In some
cases this arose due to the emergence of PGx
knowledge amongst the technical staff. In some
large companies the strategic decision to integrate
PGx into the companies’ portfolio was made by
the board of directors against the background
of lack of innovative products. In this case, the
companies mostly followed a platform strategy that
did not start with a separate PGx department but
with a group of people with different professional
backgrounds from various departments (e.g.

basic research, clinical research, medical affairs,
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etc.). This working group had to identify project
families within the company and carry out several
projects, recruiting personnel on a project basis.
This approach guaranteed acceptance of the new
research area and direct integration into ongoing
research activities.

Although it has been shown that there was a
strong technological push towards PGx activities,
the regulatory impetus should not be neglected.
As stated by some respondents, the activities of
the FDA were an important signal to initiate and
integrate PGx research into companies’ strategic
research planning (see Chapter 4).

2.3 Interaction between academia and
industry

One joint call from the experts at the IPTS
Workshop in March 2004 was to improve the
relationship between industry and academia and
to increase public-private partnerships. According
to the experts, it is not a matter of just more research
but of more coordinated research in the field of
PGx, with more interaction between academic
and industrial research. Complaints of lack of
awareness of what the other side is investigating
are frequent, with clear tension between the goals
of academic researchers (understanding human

genetic variability) and of industry (overcoming
this variability). The paradox is that industry
has collected and stored the biological samples
needed for research but is not necessarily using
them, while academics feel that they could make
better use of them. A joint call has been made
for Commission research programmes to tackle
this problem, and it was agreed that it is not a
matter of funding but of linking these separate
sectors and increasing collaboration between
them. This study therefore looked into the current
interactions between industry and academia and
barriers hampering collaboration between these

two sectors.

2.3.1 Numbers and types of collaboration
activities

Research into PGx requires the involvement
of many different disciplines that are not all present
in a single typical research group. Collaboration
is therefore necessary to achieve this essential
interdisciplinarity. The online survey of research
groups revealed a high number of collaboration
activities  between  research
(RO) (66%
collaboration, both with small and medium-sized

organisations

of all collaboration). Industrial

enterprises (SME) and with large enterprises (LE)

B Figure 2-5: Number of cooperation projects in 2003
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I Figure 2-6: National relevance of different types of collaboration activities
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contributed only a small share (15% and 18% of
all collaboration), as illustrated in Figure 2-5.

different
between

The relevance of types of

collaboration varies countries. In
Germany each research group is involved, on
average, in 2.3 collaboration activities with
another research organisation (RO) but only one
out of five research groups is cooperating with
a large enterprise (LE). Research groups in the

Netherlands are engaged in an above-average

number of collaboration activities with large
enterprises (1.6 per research group). However,
these numbers must be taken as evidence of
a national trend but not as an absolute and
representative figure due to the small sample size
(see Figure 2-6).

The origin of the partner institutions is
summarised in Figure 2-7. It shows that the
majority of German collaboration activities