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Executive Summary

The project "Intellectual Property and Diagnostics" has been commissioned by the European
Commission through the Institute for Prospective Technological Studies (IPTS). The project in-
vestigated the current implications of molecular diagnostic patents for the development and clini-
cal use of pharmacogenetic testing. There has been considerable concern about the possible
negative impact of patenting and licensing practices on diagnostic research and testing carried
out by clinical laboratories and the possibility that patent thickets may hamper development of
new tests by manufacturers. Ranged against this is the increasing importance of biomarker IP to
many companies in the IVD sector, in particular companies developing molecular diagnostics.

The analysis provides information on:

1) Companies involved in developing relevant diagnostic tests, and their experiences of
exploiting their patents as well as the challenges posed by the patents of other or-
ganisations in the development of their products and services.

2) The extent to which European clinical diagnostic laboratories are able to develop and
offer molecular diagnostic tests in the current environment.

3) The experiences of patient organisations with respect to accessibility of genetic test-
ing and the assumed impact of patents.

This part of the analysis, entitled " Case studies on the role of IP in the development and clinical
use of genetic tests for Factor V Leiden, TPMT and HPV in the USA and EU" is based on inter-
views with together with analysis of publicly available information from the websites of stake-
holders, published biomedical literature, patents, and legal documents. These case studies can
provide key lessons for future licensing, diagnostic service provision, and the development of pol-
icy in this field.

A prominent feature of all three cases has been the exclusive licensing of biomarker IP by public
sector organisations to small or medium-sized firms. Our three case studies illustrate three com-
pletely different approaches to exploiting such IP:

e FVL - owner and exclusive licensee do not develop a test kit, but license the patent to
others who do so

e TMPT - company in-licenses suite of IP to develop Laboratory Developed Tests (LDT) in
the its own reference laboratory with the aim of creating a monopoly on patient access to
the test (TPMT);

e HPV - company develops a test kit which is sold to multiple laboratories but prevents
other kit manufacturers from entering the market.

The findings reinforce some key findings from WP2
e adefinite trend towards companies holding intellectual property in biomarkers. This is
true across the industry, encompassing large and small, new and old firms, and compa-
nies producing test kits and those providing tests from their own reference laboratories;
e alack of certainty about the true value of biomarker IP and the best way to exploit its
commercial and clinical potential;
e European molecular laboratories have experienced less negative effects from patenting
than US laboratories, enforcement against labs is still relatively uncommon;
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o little evidence of access problems for patients.

The case studies are important because they allow us to test some of the generalisations of WP2
by examining in detail the complex ways in which biomarker IP interacts with other factors to af-
fect the R&D process, clinical uptake and patient access to new tests. Key findings include:

e Patents on genes are just one form of IP relevant to genetic testing, and these case stud-
ies have shown that there may be significant limitations restricting how companies can
exploit this IP, indicating that the biological context of the patented invention as well as
the specific claims the patent holder has been awarded substantially influence a patent’s
likely commercial impact.

e All three cases involve patent holders in the private sector and the public sector and in
each case much of the key IP has come from the public sector. This indicates that the is-
sues arising from the acquisition and exploitation of biomarker IP are not attributable
simply to the pursuit of competitive advantage between biotech firms. The case of FVL il-
lustrates that the nature of the contract between licensor and licensee may have a sub-
stantial impact on subsequent enforcement activity.

e Patents in genetic testing have not consistently provided monopolies for IP holders. In all
three cases laboratories are infringing patents, and often are doing so without any appar-
ent threat of enforcement by the IP holder. The case which most resembles BRCA is
TPMT were the company has commercialised the test as a Laboratory Developed Test
(LDT) in its own reference lab and has actively enforced its IP to prevent other US labs
from performing the test. However, the long-term success of this strategy remains to be
seen, since there are two separate law suits which are yet to be settled. Digene have
pursued a similar strategy of enforcing their IP through litigation in the US but not in
Europe. Again they have met with mixed success, although thus far they have a virtual
monopoly on the US market.

e There are significant differences in company strategies and outcomes in the US and
Europe in the case of HPV and TPMT, although less so for FVL. The range of laborato-
ries and kit manufacturers producing rival tests is far greater in Europe than it is in the
US. These regional differences mirror the BRCA case and provide further support for a
trend we identified in WP2.

e The impact of biomarker IP on the development and diffusion of the tests varied widely
between cases. In the case of FVL the patent holder has a longstanding involvement in
clinical studies to further elucidate the clinical significance and utility of the test and to
identify new markers. The HPV case is also one where the chief patent holder has made
a major commercial investment in clinical studies. TPMT is the case where there seems
the weakest link between biomarker IP and investment in clinical studies, although it must
be borne mind that in the cases of both HPV and FVL there has been significant public
investment in clinical studies as well.

¢ In the case of both HPV and TPMT there seems to be a strong correlation between mar-
ket exclusivity and a willingness to invest significant sums in sales and marketing. Prome-
theus and Digene/Qiagen have each used their own sales force to target doctors to gen-
erate demand for the test. In the case of Digene this is an unusual departure, since kit
manufacturers do not generally promote direct to physicians, preferring instead to target
laboratories who will then in turn promote the test to doctors. Digene have gone even
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further in their pursuit of market growth by engaging in direct-to-consumer promotion, in a
clear parallel with Myriad’s promotion of the BRCA test.

A new basis for progress in the field?

This report illustrates the strength of the case study method for hypothesis falsification. On this
basis three widely-held views about gene patents can be put aside as having been negated or
requiring significant qualification:

1. Are gene patents uniquely problematic in terms of being difficult to invent around? In fact
they are not infallible, may be invented around, and other forms of IP can also be
disruptive in this field.

2. Is exclusive licensing always problematic in genetic diagnostics? It may be, in some
cases, but more could be done in the drafting of exclusive licensee agreements to include
terms which might prevent some problems from emerging.

3. Are patents on genes are sufficient incentive on their own to ensure large-scale private
investment to validate tests? They may do in some cases, but there are clearly limits to
the investment firms make when faced with diverse requirements of national markets and
difficulties in promoting their products across these markets; the scale of investment may
be linked to the potential size of the market and likely return on investment and publicly
funded research continues to play a major role in validation of tests.

The case studies presented here demonstrate that while the BRCA case offered policymakers an
early indication of some of the issues that may arise from the growing importance of biomarker IP
in the molecular diagnostics sector, a single case can at best provide only a partial understanding
of the range of strategies for exploiting such IP and the variety of potential outcomes. It is hoped
that these additional case studies create a fuller picture. Generalisation from these cases should
be undertaken with care as it must be borne in mind that the sector is moving very rapidly and
some of the greatest challenges in dealing with biomarker patent thickets (which clearly is what
the HPV case may be called) may arise in applications not covered in these cases. As noted in
our WP2 report, an increasing number of companies are developing polygenic tests for applica-
tions such as measuring heritable susceptibility to common diseases or molecular profiling of tu-
mours for prognosis and treatment selection in post-operative cancer patients. Such applications
have considerable potential for problems arising from royalty stacking and may make the need to
develop coherent policies to manage the challenges of biomarker IP more pressing. Given the
heterogeneity of approaches and experiences we have revealed it is unlikely that there is a single
set of solutions to the issues raised by the trend towards biomarker IP. Policymakers who wish to
support innovation in the molecular diagnostics sector whilst ensuring patient access to valuable
new tests will have to adopt different strategies in different circumstances. In doing so they must
accept that they are operating in uncertain and rapidly shifting terrain.
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l. Introduction

1.1 Background to the study

Intellectual property rights (IPR) have been generally considered an important incentive for inno-
vation as they facilitate the sharing of new knowledge (from inventions) with the scientific com-
munity and society as a whole, while guaranteeing that a part of the totality of financial rewards
that may accrue from the innovation will be provided to the patent holder. Patents reward the in-
ventor with the exclusive right to exploit the invention but only when accompanied by full disclo-
sure of the invention, and for a limited time. This is usually up to 20 years following the date the
patent application was filed with full disclosure, and is considered sufficient time to recoup the
investment made for the invention. Applications of modern biotechnology, such as recombinant
therapeutic proteins and vaccines (e.g. Erythropoietin and Hepatitis B vaccine), are being in-
creasingly patented. The birth of high-throughput genomics and proteomics has facilitated this
trend further allowing a greater numbers of, and increasingly refined, studies of gene function and
disease susceptibility.

In spite of its stimulating effect on innovation, intellectual property has also been suggested to
potentially inhibit research as a result of the proliferation of DNA patents®, resulting in limited ac-
cess to novel treatments and diagnostics (e.g. as a result of high licensing fees.? This argument is
particularly supported by cases where patent holders made broad claims or exerted strict monop-
oly rights (e.g. Myriad Genetics holds or has licensed several patents on the breast cancer genes
BRCA1 and BRCA2 and exerts strictly its monopoly rights in the USA by not allowing testing of
the genes outside its laboratory).? Further evidence in this direction is provided through a recent
study indicating the negative impact of patenting and licensing practices on diagnostic research
and testing carried out by clinical laboratories.*

Although some reports have argued that substantial empirical evidence to support the potentially
inhibitory effects of IPR on research is still lacking,® a wider concern with regards to diagnostic
tests remains, especially as emerging techniques allow the detection of multiple mutations at a
time (microarray-based tests) to diagnose disease susceptibility or drug disposition (National Re-
search Council 2005). In this context, the development of patent thickets (a situation where differ-
ent owners have overlapping patent rights requiring multiple licences) could pose a significant
barrier. The emergence of new uses for pharmacogenomics in research and development, as
well as in the clinic, may further complicate the situation.®

! Jensen, K and Murray, F (2005) Intellectual property landscape of the human genome. Science 310: 239-240.
2 Cho, MK et al (2003). Effects of patents and licenses on the provision of clinical genetic testing services. Journal of
Molecular Diagnostics 5: 3-8.
® Matthijs, G (2004). Patenting genes. BMJ 329: 1358-1360; Parthasarathy, S (2007) Building Genetic Medicine: Breast
Cancer, Technology, and the Comparative Politics in Health Care MIT Press
* Cho, MK et al (2003). Effects of patents and licenses on the provision of clinical genetic testing services. Journal of
Molecular Diagnostics 5: 3-8.
® Verbeure, B; Matthijs, G and van Overwalle, G (2006) Analysing DNA patents in relation with diagnostic genetic testing.
European Journal of Human Genetics 14: 26-33
® Barton, JH (2006) Emerging patent issues in genomic diagnostics. Nature Biotechnology 24: 939-941.
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Pharmacogenomics’ refers to the application of genomic tools (e.g. the identification of single-
nucleotide polymorphisms, the development of refined sequencing techniques, microarrays and
computational tools) to the study of multiple genes with the aim of elucidating disease mecha-
nisms, understanding better drug response and adverse drug reactions (ADRs), but also of facili-
tating drug development.®

Recent evidence indicates that intellectual property rights may present a significant barrier to
pharmacogenomics research and the development of related tests.” The type of patents that may
be issued to protect such tests would likely cover combinations of biomarkers associated with
other features e.g. drug efficacy or response. A proliferation of such patents could create major
difficulties for further development of diagnostics if the patented sequences are associated with
multiple phenotypes. In this case it would be required that several licences are acquired prior to
developing a particular test, with potentially serious cost implications.

One additional consequence of pharmacogenomics is the disruption of the blockbuster model and
limitation of drug markets to a significantlg smaller size (in terms of sales), as a result of identify-
ing non-responders. According to some,™ the potential loss of sales revenue is a major disincen-
tive for drug companies which may use patent rights to steer away the application of pharmaco-
genomics in development. Yet, pharmacogenomics also offers the potential to minimise the cost
of clinical trials by identifying patients who might experience ADRs at an earlier stage. In this case
large pharmaceutical companies may choose to pursue the development of relevant diagnostic
tests themselves or turn to the expertise of smaller diagnostic companies. Patents would play a
key role in such interactions.

Surprisingly though, a recent IPTS study mapping patenting activity shows that only half of the
core companies involved in pharmacogenetic test development actually held patents explicitly
focused on pharmacogenetic applications (although it is not known what the situation is like re-
garding applications as the field is relatively young).'* Similarly the actual impact of related pat-
enting and licensing practices on the diagnostics industry and the associated consequences on
healthcare are not well documented. The present study sets out to clarify some of these uncer-
tainties, including the impact in molecular testing of intellectual property, effect of patents/licences
on performing and developing molecular diagnostics, dynamics in patenting and information re-
quirements and ethical concerns about patenting/licensing of molecular diagnostics.

A specific problem that is addressed in this project deals with the access to genetic tests. The
patenting of genes or parts of them is discussed already since the Human genome project
started. Ethicists and others state that genes are not an invention per se. They argue that be-
cause genes are part of ‘mother nature’ they belong to all and should not be exploited by phar-
maceutical companies who sell the genetic diagnostic tests.*?> Some authors even argue that pat-
ents on genetic testing could be harmful for society.™

" It stems from the field of pharmacogenetics which involves the study of genetic variation on inter-individual differences in
drug response with the aim of tailoring therapy accordingly.
8 Zika, E; Gurwitz, D; and Ibarreta D (2006) Pharmacogenetics and pharmacogenomics: state-of-the-art and potential
socio-economic impact in the EU. European Commission DG JRC/IPTS, EUR 22214.
° Zika, E; Gurwitz, D and Ibarreta D (2006) Pharmacogenetics and pharmacogenomics: state-of-the-art and potential so-
cio-economic impact in the EU. European Commission DG JRC/IPTS, EUR 22214.; Nuffield Council (2003) Pharmacoge-
netics: ethical issues. Report. Nuffield Council on Bioethics, London.
1% Eisenberg, RS (2002) Will pharmacogenomics alter the role of patents in drug development? Pharmacogenomics 3:
571-574.
" Zika, E; Gurwitz, D and Ibarreta D (2006) Pharmacogenetics and pharmacogenomics: state-of-the-art and potential
socio-economic impact in the EU. European Commission DG JRC/IPTS, EUR 22214.
12 see for instance: Merz, J and Cho, M (1998) Disease genes are not patentable: a rebuttal of McGee. Camb Q Healthc
Ethics. 7(4):425-8
% Norrgard, K (2008) Diagnostic Testing and the Ethics of Patenting DNA Nature Education 1(1)
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There has been concern that patented genetic tests will create access problems for patients in
the EU (Matthijs, 2006)."* This study aims not only to investigate whether such access problems
exist but also what role (positive or negative) patents play in the development and use of molecu-
lar genetic diagnostic tests.

The analysis provides information on:

1) Companies involved in developing relevant diagnostic tests, and their experiences of
exploiting their patents as well as the challenges posed by the patents of other or-
ganisations in the development of their products and services.

2) The extent to which European clinical diagnostic laboratories are able to develop and
offer molecular diagnostic tests in the current environment.

3) The experiences of patient organisations with respect to accessibility of genetic test-
ing and the assumed impact of patents.

Other outputs from this project have been a global survey of the molecular diagnostics industry to
identify key company data such as size, age, products / services, R&D activity, and collaborations
with private and public partners (WP1), a series of 17 interviews with selected companies in
Europe and North America, a survey of European genetics labs (and a series of follow-up inter-
views) and interviews with patients organisations in Europe (WP2).

1.2 Methodology

Three case studies have been undertaken to reveal the context of the development and clinical
use of patented genetic tests. A case study approach was adopted in part as a response to the
fact that a great deal of the policy discussion on gene patents and genetic testing has hitherto
focused on a single case: Myriad Genetics and the BRCA patents. Whilst other evidence has
been brought to bear, such as the laboratory survey conducted by Cho et al, the major focus on
this single case was suggestive of the need for more in-depth comparative analysis of multiple
cases (a similar approach has recently been adopted in the USA on behalf of the SACGHS Task
Force and the cases we have selected are complementary to this ongoing US research the find-
ings of which are yet to be published). The chief methodological benefit of the case study ap-
proach is that allows the research to go beyond simply identifying trends to seek detailed answers
concerning how and why something is happening. It affords the opportunity to generate and test
hypotheses.

A comparative study of the US and three European countries also allows the opportunity to as-
sess whether national differences in the organization of biomedical research and delivery of
healthcare, play a role in how biomarker IP is exploited and in the development and diffusion of
molecular diagnostics. The initial focus of the study was on three classes of diagnostic tests, as
set out in Table 1. Case selection took place through a two step process. Firstly, high profile ex-
amples of tests with substantial potential use were listed, including examples where patent dis-
putes had been largely avoided (e.g. Cystic Fibrosis). Initial literature and patent searches on
these genetic tests were presented at a team workshop (in June 2008). This discussion formed
the second stage of the selection process where the novelty of each case (i.e. not duplicating ex-
isting work by other groups) was held to be paramount. Cases were to be chosen from across the
categories of Table 1, including tests that could be called pharmacogenetic as well as those that
are not pharmacogenetic and to provide some opportunity to demonstrate contrast between re-
gions (e.g. in the presence and absence of key patents in the regions studies) and did not pro-
ceed with computations. Selected cases are emphasised in bold in Table 1.

* Matthijs, G (2006) The European opposition against the BRCA gene patents. Fam Cancer 5(1):95-102
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Table 1. List of potential case studies considered

Area

Initial case studies

Main reasons selected/ not selected

Mendelian Traits

Cystic Fibrosis

Reported elsewhere

HFE-Associated Hereditary Haemochromatosis

Reported elsewhere

Factor V Leiden Thrombophilia

Widely used — not studied in detail
elsewhere

Disease Stratification

Breast Cancer (gene expression profiling)

The BRCA test is well covered — too
close to this.

Lung Cancer(gene expression profiling)

Insufficiently established test usage

Human Papilloma Virus

Patented but possibly not well ex-
ploited — does strong patent posi-
tion have an influence?

Drug Metabolism

Thiopurine Methyltransferase

Widely used test - contrasting US/
EU patent situation

Cytochrome P450 Oxidoreductase Deficiency

Insufficiently established test usage

After the case selection process more detailed patent searches were undertaken on the three
selected cases using commercial databases.

Cases were selected on the basis of patents being in force, in the EU or USA, on genes or parts
thereof, on methods or kits. The case studies are based on publicly available information from the
websites of stakeholders, published biomedical literature, patents, and legal documents. Where
possible, interviews with relevant stakeholder groups have also been undertaken. Four groups of
interviewees are especially relevant and have been the focus of empirical research: (i) Holders of
key patents or licences covering the genetic test in question (ii) Clinicians using the test (iii) licen-
sees of the patent, whether service providers or kit developers and (iv) non-licensees of the pat-
ent, whether service providers or kit developers. The interviewees are referred to (e.g. in Table A)
by their role (i.e. clinical laboratory, kit maker) rather than whether they are a licensee or non-
licensee. For the TPMT case study Prometheus were interviewed but we were unable to use the
material from them due to regulatory compliance issues.

This project has focused on the development and clinical use of tests in Germany, the Nether-
lands, the UK and USA. Up to four interviews have been undertaken in each country studied per
case, with the aim of covering a range of stakeholder views to provide an exploratory view and
summary of the salient features of the case study as required for a high-level comparative analy-
sis. The cases provide an overview of a range of relevant issues. They cannot be used to assess
the prominence of the views expressed or the extent to which these are typical or atypical of the
wider stakeholder groups interviewed.

Interviewees have been asked to contribute their experiences and views anonymously, although
since it is obvious from the details of the cases which institutions are the key patent holders,
where these institutions and their exclusive licensees are interviewed responses are not entirely
anonymous. In areas where details anonymity is possible, the case study does not reveal the
interviewee’s nationality (where possible) and with finalisation of the analysis, transcripts/ re-
cordings/ draft cases will be destroyed to further ensure the protection of anonymity. These are
deemed necessary steps to promote disclosures and ensure as full an exploration of the issues
as possible, for the benefit of societies seeking to optimise their science and technology policies.
In all cases the views expressed are those of the interviewees and these views are not
necessarily shared by their employer.
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Table 2: Participants for interviews

Key holders | Testing labs Kit makers Clinicians
of relevant .
intellectual (excluding key
IP holder)
property
FVL 1 university 5EUlabs,2US | 2 EU, 1US 4 EU, no
(EV) us.
1 kit maker
TPMT 1 US univer- | 6 EU, 1 US 3EU1US 3EU1US
Sity
1 US testing
laboratory
HPV | kit maker 3 EU,2US 1EU, 1US 3EU

Case studies are structured around the following questions:

What is the biological basis for the test?

What is the patent position and how have assignees exploited this?

What tests are available and how are they used?

What is the clinical utility and cost-effectiveness of the tests?

What lessons can we learn from this case about patenting & the development and use of
diagnostics

arwNE
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ll. Factor V Leiden

2.1 Introduction

Factor V Leiden is a mutation in a gene associated with increased risk of thrombosis. Key patents
are held by a European university and were exclusively licensed to a European diagnostics com-
pany, who make sub-licenses available to kit manufactures. Whilst a number of test kits are
available, many laboratories continue to test using their own LDTSs, often infringing the patent.
Factor V Leiden has become one of, if not the, most common genetic tests for heritable markers
in both Europe and the US. Its uptake in clinical practice was rapid and it is noteworthy for being
used by haematologists and family doctors rather than clinical geneticists. Despite well-
established and longstanding clinical use of the test, there is still lack of conclusive evidence on
its clinical utility and controversy surrounding its apparent over-use.

2.2 Biological background *°

Management by the body of the formation, dissolution, and re-absorption of blood clots is termed
haemostasis. It is mediated by proteins responsible for coagulation and anti-coagulation. The
Factor V and Factor Il (FIl) Prothrombin genes, amongst others, code for proteins that play a role
in coagulation. Mutations in either of these genes may lead to an increased tendency to form
blood clots, termed thrombophilia. Equally a number of genes code for proteins involved in anti-
coagulation. Thus deficiencies of antithrombin, protein C or protein S are associated with throm-
bophilia. Other genes also play a role including Methylenetetrahydrofolate reductase gene —
MTHFR, VWF gene, Factor VIII. *® Inventors working in the field suggest that:

‘Coagulation Factor V (FV) is one of several essential proteins of the coagulation cascade. In its
activated form (FVa) it serves as a cofactor to activated factor X (FXa) in the activation of pro-
thromt1)7in to thrombin. FVa is inactivated by activated protein C (APC) which cleaves FVa at three
sites’.

The Leiden mutation is a single nucleotide change in the FV gene that causes the substitution of
a single amino acid in the protein (arginine 506 is substituted by glutamine). This abolishes the
primary APC cleavage site and gives rise to a pro-thrombotic state.'® The Factor V Leiden muta-
tion is just one of several known mutations that occur in the same gene. FVL may be inherited,
and it is possible to be an autosomal heterozygote or homozygote.

Hereditary thrombophilia is a condition that leads to an increased tendency to develop blood clots
within the blood circulatory system. Blood clots may form in any part of the body, but are particu-
larly likely to form in large blood vessels found peripherally (legs and arms) and in major organs
such as the heart, lungs and brain. Once a clot forms, emboli can separate from the main clot
causing smaller clots in distant parts of the body. Clots are associated with swelling and pain.

'* Unless indicated otherwise, the information in this section is derived from the medical information section of the UK
patient support group ‘Contact-a-family’. In that context, the information was approved in 2002 by Prof. F Cotter, Professor
of Experimental Haematology, St Bartholomew's Hospital, London, UK. http://www.cafamily.org.uk/Direct/h41.html
16 patent application published in 1999 (GB2338062)
7 patent application published in 1999 (GB2338062)
'8 patent application published in 1999 (GB2338062)
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They deprive areas of the body of oxygenated blood leading to tissue damage. In the brain such
clots cause strokes and have a high risk of causing long term disablity. Thrombosis and emboli
can be life threatening. Therapies are available for dissolving existing clots and preventing forma-
tion of new clots (e.g. warfarin or heparin).

The discovery of the FVL mutation was published in Nature in 1994 by Bertina et al, working at
the Rijks Universiteit in Leiden, in the Netherlands.'® The mutation is found in approximately 3-5%
of Caucasians, but 15%-20% of consecutive patients presenting with their first venous thrombo-
sis.” It is more common than mutations in prothrombin and anticoagulant deficiencies. Except for
the FVII 10976G/A polymorphism, FVL is associated with the highest hazard ratio of 15 ‘putative’
genetic risk factors for thrombosis.**

2.3 FVL patents and key assignee exploitation strategies

The key patents associated with FVL relate to nucleotide sequences that can be used as probes
to detect the FVL mutation, methods for detection and kits comprising genetic tests for the muta-
tion. Phenotypic assays based on enzymes and anti-bodies have also been patented.

Both genotypic and phenotypic tests are used to confirm the status of patients thought to be at
increased risk of thrombosis, either predicatively, or following a thrombotic event. Such testing
might be used to inform patient management in a wide variety of situations (See section 2.4 for a
discussion on the clinical utility of such interventions).

After Bertina and Reitsma’s discovery of the FVL mutation, their employer, the Rijks Universiteit
Leiden, filed for patents in early 1994, prior to the publication of their findings in Nature. The Uni-
versity’s patents and key claims are summarized in Table 1. A number of other organisations
have also filed patent applications or have been granted patents related to FVL (as set out in
2.3.2 and 2.3.3).Further details of these patents are set out in Appendix B. The exploitation
strategies of the key assignee and their licensors are outlined (2.3.4). It is also noteworthy that
assays based on activated protein C resistance (an important phenotypic test in thrombophilia)
were also patented, but not by Leiden. A full investigation of patents covering the APC test was
beyond the scope of this study, however it is clear that following the discovery of APC, just prior
to the discovery of FVL, Swedish scientist Bjoern Dahlbaeck filed for patent on APR assays in
Europe and the USA. These were granted (see EP0608235, and US5443960), despite number of
diagnostics companies filed oppositions at the EPO, including bioMérieux (this was from 1996
onwards — prior to their own interests in FVL IP). By contrast, the opposition to the FVL patents
was much less marked, involving only one company, though still a feature of the EPO process in
this case.

Another interesting related finding is that the published claims for Leiden patents appear broad
enough to cover certain phenotypic tests, for example claim 23 for the EP ‘325 patent claims the
following:

‘[A kit] comprising one or more proteases capable of cleavage at the non-mutated APC cleavage
site and Incapable of cleavage of the mutated APC cleavage site, or one or more proteases ca-

19 Bertina, RM et al (1994) ‘Mutation in blood coagulation factor V associated with resistance to activated protein C’ Nature
369:64.
% Rosendaal, FR et al (1995) High risk of thrombosis in patients homozygous for Factor V Leiden (Activated Protein C
Resistance) Blood 85: 1504-1508; Vandenbroucke, JP et al ‘Factor V Leiden: Should we screen oral contraceptive users
and pregnant women?’ British Medical Journal 313 2 November 1127-1129.; Baglin, T (2004) ‘Management of Thrombo-
E)lhilia: who to screen?’ Pathology of Haemost_asi_s and Throm_bosis 33 401_-_404. _ _ o

van Hylckama, VA et al (2008) ‘Proof of principle of potential clinical utility of multiple SNP analysis for prediction of
recurrent venous thrombosis’ Journal of Thrombosis and Haemostasis 6:751-754.
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pable of cleavage at the mutated APC cleavage site and Incapable of cleavage at the non-
mutated APC cleavage site, an antibody capable of specifically recognizing a site on the aa 306-
506 fragment of Factor V and/or Factor Va, an antibody capable of specifically recognizing a site
on the aa 507 -679 fragment of Factor V and/or Factor Va’'

However a well placed interviewee believed only antibody and genotypic tests were claimed by
the Leiden patents. This highlights just how complicated patent claims may be to unpick.— al-
though we know of no commercial dispute in this case.

Table 3: Rijks Universiteit Leiden’s patent coverage relate to detection of a specific muta-
tion

USA EU
(DE, NL,UK)
Genotypic Probes and Method (‘016) | Probes that hybridise to the

mutation site, methods and
kits (‘325, ‘691)

Phenotypic Enzyme (APC) or antibody | Methods and kits using En-
(‘256) zyme (APC) or antibodies
Anticoagulant response (‘325)
('913)

2.3.1 Assignees and key claims for granted patents

In 1998 a university in The Netherlands, the Rijks Universiteit Leiden was granted EPO patent
No. 696,325 on a method for screening for the presence of a genetic defect associated with
thrombosis and poor anticoagulant response to activated protein C. In 2001, Rijks Universiteit
Leiden was granted a further EPO patent on a FVL diagnostic test. Together these patents cover
a broad range of methods and kits for detection of the FVL mutation, including nucleic acid analy-
sis, antibody detection of the mutated protein and tests based on cleavage of Factor V and Va by
activated protein C (although one interviewee disputed the coverage of the latter — as noted in
previous section). The Rijks Universiteit Leiden patent estate also includes patents claiming the
key nucleotide sequences in relation to FVL. Following this Rijks Universiteit Leiden was granted
a series of US patents including a method for diagnosing an increased risk for thrombosis or a
genetic defect causing thrombosis and kit for use with the same that shows their continued inter-
est in patenting mutations related to thrombosis, such as in the Prothrombin gene. In 2001, Rijks
Universiteit Leiden was granted another EPO patent on a FVL diagnostic test. In 2003, Rijks Uni-
versiteit Leiden was granted a further two US patents on FVL diagnostic tests. Although three US
patents have been granted they cover similar claims to the EPs. Thus, the Rijks Universiteit Lei-
den appears (interviewee counter-claims notwithstanding) to have patents relevant to both phe-
notypic and genotypic tests based on a range of methods as well as patents on the gene muta-
tion itself, in both the US and Europe. The Rijks Universiteit Leiden patent estate includes patents
claiming the key nucleotide sequences in relation to FVL, but not the whole gene.

Another assignee is Promega (a US company) granted a US patent on a specific mutation detec-
tion method for the FVL mutation, in 2001 (now expired) and 2003 (in force). Thirdly, Vermont
University was also granted a US patent on a mutation detection method in 2001 but it expired
due to failure to pay the maintenance fee. Fourthly, Mayo Foundation (a US medical education
and research hospital) was granted a US patent on a simplified mutation detection method and
nucleotide primers in 2002. Mayo Foundation also filed a PCT application, which appears to have
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been abandoned. Fifthly, Douglas Thien, one of the inventors of patents related to FVL diagnostic
test, owns three US patents on nucleic acid sequence detection employing probes comprising
non-nucleosidic coumarin derivatives as polynucleotide-cross linking agents originally granted to
Naxcor (a US company) in 2001, 2002 and 2004 (now expired). Sixthly, Cleveland State Univer-
sity was granted a US patent on a method for genotyping single nucleotide polymorphisms re-
lated to FVL in 2002. Finally, Ravgen (a US company) was granted a US patent related to FVL
diagnostic method test in 2007. Further details of these patents can be found in appendix B.

2.3.2 Other applicants

Apart from the assignees of granted patents, twelve relevant patent families contain applications
filed either at the USPTO, EPO or WIPO by a variety of applicants, including companies, aca-
demic institutions, public agencies and individuals. These patent applications mainly protect
methods. However, five of these patent families contain applications that have been abandoned/
withdrawn in both the USA and EU and another two are abandoned in the US. Dhallan Ravinder,
Ravgen, TM Biosciences US DHHS and University of Florida all appear to have pending patent
applications at the EPO. Further details of these applications can be found in appendix B.

2.3.3 Exploitation strategies

The Rijks Universiteit Leiden chose to exclusively license their FVL patents to a local company,
Organon Technica. While the exact date was not available, Organon Technica’s molecular diag-
nostics business was subsequently been taken over by bioMérieux in 2001, who are now the ex-
clusive licensee and responsible for granting sub-licences. An interviewee at Rijks Universiteit
Leiden viewed the licensing collaboration had been successful. Objectively it does appear that
the test is widely used and the exclusive licensee has granted a number of sub-licenses, in con-
trast to some other prominent cases of exclusive licensing associated with DNA patents.

In particular Organon Technica had been helpful in the prosecution of the patent and had paid for
the costs of the application. A US kit manufacturer suggested that this sort of exclusive licensing
deal suited universities because it would yield a high upfront payment for the technology transfer
office and relieve them of the task of dealing with multiple non-exclusive licensees. FVL was
viewed as having been well validated by studies at Leiden and elsewhere (US kit maker). Thus
an EU kit manufacture suggested that bioMérieux had been making money for doing very little.

A US kit maker reported that bioMérieux were asking a high single digit royalty from kit makers
(e.g. less than $1.15 per unit on a kit with a sale price of $11.50 per unit for laboratory users,
based on the prices charged for a leading provider). An EU kit maker confirmed a high single digit
royalty rate would meet their expectation for this kind of test. The labs that use commercial kits
show client list prices of $150 or more, although the actual reimbursement price is often lower,
perhaps $90, the US kit maker suggested. Indeed one US lab suggested reimbursement could be
$50-60. The US kit maker thought there might be an incentive to purchase kits sold with a license
rather than to take out a sub-licence directly to offer a service as the same royalty rate applied to
the service provider may cost them $9-$15 in royalties. The Rijks Universiteit Leiden itself was
not involved in the negotiation of sublicences, but they suggested at interview that the royalty ne-
gotiations might be based on the effort to develop the invention, the number of potentially inter-
ested licensees and the importance of the invention, while for the licensee the number of patients
and market size were primary considerations.

It is not clear how many sub-licenses exist but it is public knowledge that bioMérieux have
granted sub-licences to the patents for FVL and their commercial position is clearly enhanced as
they hold rights to mutations in the FII (prothrombin) gene also patented by Leiden. The two risk
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factors are often used together in kits and laboratory services. Non-exclusive licences for both
sets of IP were granted to kit makers Tm Bioscience and Gen-Probe in 2003 and 2004 respec-
tively. Test users would also have to pay for a licence for PCR reagents, according to the US kit
maker. However some labs are now using platforms with tests for FVL working independently of
PCR (US lab).

In 2003 Roche became the first company to obtain FDA approval for a kit that detects FVL as well
as mutations in the gene for Fll. The kit is now one of several CE marked and FDA approved
products on the market for FVL detection. Roche’s kit, for use on their Light Cycler™ platform,
was initially launched as a kit for research use only in 1999/2000 but this has subsequently ob-
tained FDA approval for use as an IVD. It is not clear if Roche had a sub-licence for FVL and FlI
(the product information leaflet contains no mention of a licence, and is not required to do so).
However two industry interviewees (an EU kit maker and US kit maker) emphasised there was a
commercial imperative to take a patent licence when filing for FDA approval on their products. In
part this imperative is due to the financial investment (suggested as perhaps $2m-3m for a ge-
netic test such as FVL) required to obtain FDA approval as this would be wasted if the patent
owner or licensee were able to obtain an injunction against the sale of infringing kits.

The Rijks Universiteit Leiden continues to publish studies on clinical utility of the test, and indeed
is doing so with at least one kit manufacturer (Celera) who is combining the FVL test with other
loci. * However a kit maker suggested there is little commercial incentive to invest in research on
FVL if any resulting growth in utility and market size cannot be appropriated by that investor.

2.3.3.1 Enforcement

Kit makers in the EU and US suggest there has been little if any enforcement of the patents, with
one kit maker questioning the value of paying the licence fee. Several kit makers were suspected
of selling kits without licences and most labs in the US and EU were thought to offer the test with-
out a licence, according to kit makers (discussed further in section 2.4). The interviewee at Rijks
Universiteit Leiden indicated patent enforcement is the duty of bioMérieux but that Leiden had
asked that the patent is not enforced against individual academic research institutions. The ex-
clusive-licensee, bioMérieux, was not available to comment on this.

The US kit maker interviewed suggested it was counter-productive for companies selling diagnos-
tic tests to sue their customers for patent infringement. However they suggested failure to litigate
might also indicate weaknesses in the underlying IP, or that the costs of litigation were likely to
exceed the damages awarded. Of course this would not stop patent owners or their licensees
from sending ‘cease and desist’ letters and threatening to sue. It does seem that this had been
done in at least one case as FVL is mentioned in a list of tests at least one laboratory in the US
had had to withdraw due to patent enforcement activity®® but it does not appear that a FVL testing
service has been the subject of litigation to date.?*

2 yan Hylckama, VA et al (2008) ‘Proof of principle of potential clinical utility of multiple SNP analysis for prediction of
recurrent venous thrombosis’ Journal of Thrombosis and Haemostasis 6:751-754.
% Cho, M et al (2003) Effects of Patents and Licenses on the Provision of Clinical Genetic Testing Services Journal of
Molecular Diagnostics 5( 1): 3-8
** Holman, CM (2007) The impact of human gene patents on innovation and access: A survey of human gene patent liti-
gation University of Missouri—-Kansas City Law Review 76(295); http://papers.ssrn.com/
sol3/papers.cfm?abstract_id=1090562.
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2.4  FVL test availability and usage

The discovery of Activated Protein C resistance (APC and APCr) in 1993% and publication of the
Factor V Leiden mutation in 1994 by researchers at the Rijks Universiteit led to a rapid rise in
thrombophilia testing.?® This occurred even before the patent was granted. Rapid uptake in usage
is ascribed to the ease with which the test could be used as well as because it was the first com-
mon genetic risk factor in its field (according to interviewed EU and US laboratories and a US kit
maker). An interviewee from an EU lab noted “[FVL testing] was introduced very rapidly because
of its importance...it was the first real kind of thrombotic risk factor...it was a significant advance-
ment in the field”.

At least ten commercial molecular genetic kits have been launched in the US and European matr-
ket as a result of the large international market for FVL testing, although some appear to be used
little (US lab, UK NEQAS survey data 2007). Indeed many (perhaps most) laboratories use
homebrews (EU labs 1&2, EU kit makers 1&2). Even laboratories that have used commercial kits
may convert to homebrews (EU lab, US lab). The marginal cost to laboratories of kits (as op-
posed to the fixed cost of staff) was expressed as one reason for this but in part this was sug-
gested to be because laboratories were not able to find kits that had the functionality they re-
quired (EU lab). One US lab reported switching from an FDA approved kit to their own in-house
test because it allowed them a substantial saving in costs. The suggested scale of savings (at
least a halving of the reagent cost from over $25 per test to roughly $10) was confirmed by an-
other US lab.

It should be noted that the phenotypic APC test, patented but not the prime focus of this case,
has also been heavily commercialised. The FDA has approved APC tests from eight different
manufacturers, all of which are class Il IVDs that required pre-market naotification prior to market
launch. Up to the start of 2008, a further five kits have been approved for FV Leiden testing using
molecular genetic techniques.

Laboratories in both the EU and US used a phenotypic test of thrombophilia (the APC resistance
test) and genetic tests (often for panels of risk factors including FVL and Fll), although practice
clearly varies from lab to lab. For example interviewees in the UK and The Netherlands reported
that tests are offered mainly by haematology laboratories rather than specialist clinical genetics
laboratories, who are not equipped to undertake the APCR assays. Equally some haematology
labs in The Netherlands and UK did report sending their samples away for genetic tests.

Laboratories reported that the APC test will detect a wider range of clotting problems but can give
false positives while FVL is more precise and can detect the difference between patients that are
heterozygous or homozygous for a mutation. US and EU labs reported that using the APC as a
screen prior to then using genetic tests to identify specific anomalies is a cost-effective strategy
(US lab, EUlabsx2). Although this is logical, as we will see in 2.4.2 this is not always used.

Amongst EU laboratories there was disagreement over the relative cost of phenotypic versus
genotypic testing strategies, perhaps reflecting differences in methods or scale of operations, but
Phenotypic and genotypic tests are used along side each other (EU labs x3, EU kit maker) the
latter providing the definitive answer to the question ‘does the patient have FVL?’ as the pheno-
typic test is less precise and can yield false positives (EU lab). A molecular test can also distin-

% Dahlback B; Carlsson M and Svensson PJ (1993) Familial thrombophilia due to a previously
unrecognized mechanism characterized by poor anticoagulant response to activated protein C:
E)Gredict_ion of a cofactor to activated protein C. P_r_oc Natl Acad Sci LI S A. 90:1004-1008. . _
Baglin, T (2004) ‘Management of Thrombophilia: who to screen?’ Pathology of Haemostasis and Thrombosis 33: 401-

404.
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guish between FV Hong-Kong, FVL, and FV Cambridge (EU lab). In the UK the clinicians have
discretion which tests they require, however one lab and a clinician reported that in practice clini-
cians simply ‘tick the box’ for a genotype test as well as the phenotypic test even though as the
lab suggests this is sub-optimal:

“If your talking purely from a financial point of view, the most financially beneficial...would be to
do an APCR first and anyone that has an abnormal...then go on and do the genotyping” (EU lab).

In the USA, Both CAP and ACMG state that the first-generation APC resistance assay had defi-
ciencies in both sensitivity and specificity but that the second-generation test has specificity close
to that of the DNA test and is cheaper. For most cases both guidelines state that either the sec-
ond generation functional assay or the DNA test can be used but that if a functional assay is used
that positive results should be followed up with a DNA test as a confirmatory test and to establish
whether the patient is heterozygous or homozygous. CAP suggest that the DNA test should be
the initial testing method for patients with a lupus anticoagulant and a markedly prolonged base-
line activated partial thromboplastin time (aPTT) (which may interfere with the functional APC re-
sistance assay) and for family members of subjects with known FVL mutations in order to avoid
the need for follow-up confirmatory direct mutation testing.

2.4.1. FVL test availability and usage in the USA

24.1.1 Extent of testing

Laboratories reported using FVL from the mid-to-late 1990s onwards and by 2003 FVL was one
of the most commonly performed genetic tests in the USA.?” At present at least 70 labs (ranging
from university labs to large private pathology laboratories) offer FVL services according to gene-
tests.org, despite the suggestion by Cho et al. (2003) that at least one laboratory had withdrawn a
service due to patent enforcement. While this number is a useful gauge of activity it is unlikely to
be comprehensive.

2.4.1.2 Use of commercial kits/ licenses

As noted in section 2.3.3.1 and 2.4 above, a number of commercial kits are available for APC and
FVL tests. However commercial tests for FVL are seen as expensive relative to the cost of basic
reagents that laboratories can configure into (unlicensed and non-FDA approved) tests them-
selves with significant cost savings. In part this is driven by a desire by clinical laboratories to be
price competitive with other providers. These pressures are not confined to the US healthcare
system and are further discussed in the EU context below (in 2.4.2.2).

2.4.2. FVL test availability and usage in the EU

2.4.2.1 Extent of testing

# Hellmann EA, Leslie ND and Moll S (2003) Knowledge and educational needs of individuals with the factor V Leiden
mutation. J. Thromb Haemost 1: 2335-9.
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Thrombophilia testing predates current phenotypic and genotypic methods, with low levels of test-
ing in specialist centres in the UK at least as early as the mid-1980s.”® However the discovery of
APC resistance and the Factor V Leiden mutation, in 1993 and 1994 respectively, led to testing
growing exponentially in the 1990s. Baglin, a highly cited UK clinician suggests this rising volume
of testing ‘undoubtably arose as a response to association studies’. > Baglin’s centre reported
issuing 37 profiles in 1986, 600 profiles in 1993 and 3500 in 1999.*° The FVL test has been used
in the Netherlands since 1994, starting with just one laboratory offering tests for the whole coun-
try, but at least ten laboratories currently offer services following with rapid growth in FVL testing
during the 1990s.

In the UK clinical laboratories adopted the FVL test following publication of research papers in the
medico scientific literature from 1995 onwards (UK lab). Although the UK Government has re-
cently sought to encourage the introduction of genetic testing services following the 2003 De-
partment of Health White Paper®* most of the investment in clinical services has been used to
support specialist clinical genetics centres. However FVL and thrombophilia have long been di-
agnosed in laboratories focusing on Haemostatsis and thrombophilia and even general haema-
tology laboratories (UK lab). These have remained outside the targeted government investment in
genetics investment. A UK quality assurance scheme survey in 2007 attracted responses from 92
laboratories, although some of these will be from outside the UK.

Uptake of FVL testing in Germany also was rapid from the mid 1990s onwards. It has progressed
to become a very widespread test (DE labs x2), and is one of, if not the most widely used genetic
test in Germany according to interviewees. One kit maker claimed: “I know in Germany [FVL] is
the second most run test after Fragile X” (EU kitmaker). A German lab contended that “it is surely
the most tested molecular biology marker in human diagnosis” (DE Lab).

However, there are signs this may change. For example in The Netherlands it was noted that
when FVL testing first emerged patients with thrombo-embolism were put on prolonged or even
life-long anticoagulant treatment based on the presence of FVL, on the basis it was a risk factor
for thrombosis and recurrence of thrombosis. However since then it has been suggested that risk
of a second thrombosis is the same in FVL carriers and non-carriers, and as a result of this test
use appears to be falling, from 2006 and perhaps earlier (NL clinician).

2.4.2.2 Use of commercial kits/ licenses

One EU kit maker lamented “I should think most labs are offering the Factor V as homebrew”.
However UKNEQAS survey data shows a wide variety of molecular genetic approaches are used
for FVL testing, with several different commercial platforms being utilised (although this does not
necessarily mean that laboratories are running commercial kits on these platforms, hence num-
bers are not reported here). Laboratories may choose to use in-house developed tests because
commercial kits are a marginal cost for laboratories that has to be met in addition to fixed costs
(staff). Interviewed labs supported their choice to use in-house tests as follows:

“the in-house test is cheaper, more robust, more reproducible, has built-in internal controls for
contamination, distinguishes factor V Leiden mutation from other mutations at this position and

%8 Baglin, T (2004) ‘Management of Thrombophilia: who to screen?’ Pathology of Haemostasis and Thrombosis 33 401-
404.
» Baglin, T (2004) ‘Management of Thrombophilia: who to screen?’ Pathology of Haemostasis and Thrombosis 33 p.402.
% Baglin, T (2004) ‘Management of Thrombophilia: who to screen?’ Pathology of Haemostasis and Thrombosis 33 p. 401.
% See Department of Health (2003) Our Inheritance, Our Future — Realising the potential of genetics in the NHS, Cm
5791. 24 June, The Stationery Office, Norwich. Available online at:
http://www.dh.gov.uk/PolicyAndGuidance/HealthAndSocialCareTopics/Genetics/GeneticsGenerallnformation/GeneticsGe
neralArticle/fs/en?CONTENT_ID=4016430&chk=RnGBgL
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the test can be multiplexed to obtain 3 genetic results [3 risk factors] in a single analysis. No ex-
isting kit offers this level of functionality” (EU labl).

“I am adverse to commercial kits anyway and | suppose we had the assay up and running before
any commercial [kits] came out...there’s not been a driving factor to...convert to a commercial
kit...we've got the equipment...which isn’t being used to its full capacity.. its high throughput and
not very labour intensive...it isn’t the cheapest because [the reagents] are quite expensive
but...the most expensive thing in laboratories is staff time.”

(EU lab2)

Kit makers would argue that the higher price for commercial kits is justified:

“The benefits of having a commercial test now is that it will be CE marked and therefore...would
have to have all the right things in place, technical files for review...the right level of quality con-
trol and quality assurance...vigilance procedures in place to report back any adverse events or
malfunctions of tests or anomalous results none of which apply to in-house assays”. (EU kit
maker).

They continued:

“It's a benefit to the patient...whether you would consider it a benefit to the laboratory is question-
able...laboratories are very resistant to changing over from their own homebrew to a commercial
test that costs more...they do not seem to care whether a kit is marked for research use only,
which has none of the back-up | mentioned...they’re quite happy to use those that are very cheap
to report clinical results on.....The scientist will say ‘it's the same stuff in the box, it’s just your
paying extra for this extra you can't see. Is that fair?”” (EU kitmaker).

One EU lab suggested they saw a QC benefit to commercial kits but thinks that the advantage is
less clear for larger well established providers than for small labs. Some labs have even tried to
develop their own kits:

“A minority of laboratories may have embarked upon novel approaches and sought to patent suc-
cessful ones, however patenting and commercialisation per se have not been a major driving
force” (EU lab).

Indeed it appears that kit commercialisation in this market place is difficult. The interviewed lab
that had tried to patent and commercialise a new method for testing had not had access to suffi-
cient funds to gain wide patent coverage and had not found a commercial partner:

“The experience has been an extremely negative one. The lesson learnt is that patenting and
commercialisation appear to be worth pursuing only if the product is likely to have a huge market,
be highly marketable, and be of interest to major companies that have adequate resources for
developing and marketing the product” (EU lab).

The laboratory also reported that they had not been able to obtain a licence for the PCR-reagents
they had needed to support this test.

2.5 Clinical Utility and cost effectiveness

Thromophilia testing, including for FVL, is undertaken either as a screen for asymptomatic pa-
tients to plan preventative strategies or in patients who have had a thrombotic event to manage
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the risk of recurrence. In both cases questions arise concerning the degree to which a positive
result will change patient management in a way which can improve clinical outcomes.

2.5.1 Evidence for utility

Although numerous applications of the FVL have been suggested, clinical utility remains to be
demonstrated. These are addressed in turn below.

Screening to predict pregnancy complications

Early calls for FVL screening of pregnant women and those requesting oral contraception have
been resisted by those who discovered the mutation.** In 2002 a study of 957 pregnancies to
assess the cost-effectiveness of universal and selective screening of pregnant women for FVL
concluded that even when assuming highly effective interventions, a targeted screening program
would not be cost-effective within the NHS.** Schleussner (2007) 34 suggests a more targeted
approach, recommending testing in cases of thrombosis or related complications, of known inci-
dences of thrombophilia in the family or following one late foetal loss or two early foetal losses
from a patient. Yet subsequent research (2008) in a cohort of over 4000 pregnancies calls into
question the role of FVL in pregnancy complications.*

Screening for recurrence of thrombosis

In a recent review article on thrombophilia, CAP Today reports that:

“Several studies support the notion that routine genetic testing or screening for thrombophilia is
not beneficial. In one, deep venous thrombosis patients with a prothrombin mutation had a similar
risk of venous thromboembolism recurrence at two and four years as those without a mutation.”*
The authors recommend that both patient groups require treatment of a similar duration. Another
research team concluded that “[P]atients with factor V Leiden or the G20210A prothrombin poly-
morphism were not at substantially increased risk of recurrent events as compared to patients
without these disorders. Moreover, the relative benefit of low-intensity warfarin therapy in prevent-
ing recurrent events was not significantly affected by the patient's genetic status”.*’

The article also report that two prospective studies of VTE/ DVT patients have found that testing
for congenital thrombophilia did not predict recurrent venous thrombosis and that clinical factors
are the best guide to treatment duration.®® Baglin concluded “Now that high quality clinical out-
come studies are being reported it is becoming apparent that despite association, testing [for heri-
table thrombophilic defects] has limited predictive value for the majority of unselected sympto-
matic patients. ... [I[jJn most cases decisions regarding intensity and duration of anticoagulant ther-
apy can be made purely in relation to clinical criteria”.*

However Baglin, working in the UK, leave some room for further debate in a series of papers
(from 1998 onwards), suggesting that conclusive evidence, rather than the small patient number

%2 3.P. Vandenbroucke et al ‘Factor V Leiden: Should we screen oral contraceptive users and pregnant women?’ British
Medical Journal 313 2 November: 1127-1129.
% Clark, P (2002) ‘Cost-effectiveness of screening for Factor V Leiden mutation in pregnant women’ The Lancet 359 1
June: 1919-1920.
% Schleussner E (2007) Thrombophilien als Schwangerschaftsrisiko. Empfehlungen zu Diagnostik and Therapie. Gynae-
kologische Praxis. 31(1): 41-52.
% p. Clark et al Greer (2008) ‘The GOAL study: a prospective examination of the impact of factor V Leiden and ABO (H)
blood groups on Haemorrhagic and thrombotic pregnancy outcomes’ British Journal of Haematology 140 (2)pp. 236-240.
% De Stefano V, et al. Brit J Haematol. 2001; 113: 630- 635
%" Ridker PM, et al. New Engl J Med. 2003; 348: 1425— 1434
% Baglin T, et al. Lancet. 2003; 362: 523— 526; Christiansen SC, et al. JAMA. 2005; 293: 2352— 2361
% pathophysiol Haemost Thromb. 2003; 33: 401— 404
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studies he reviews, are needed to demonstrate whether those with heritable thrombophilia are
more Iikelg/ to suffer an earlier recurrence of thrombosis, once treatment is stopped, than other
patients.*” This view was echoed by a senior representative of the UK's only patient group for

thrombophilia at interview.

Baglin suggests the answer to this question may come from work being conducted at Leiden in
the Multiple Environmental and Genetic risk Assessment of risk factors for venous thrombosis
(MEGA) at the time of writing his 2007 paper.** Subsequently Baglin's Cambridge group and the
Leiden group have reported on a large cohort study, in the UK and Netherlands, of 15 ‘putative’
genetic risk factors for thrombosis including some in Factor V, Factor VII, Factor Il, and MTHFR.
This has shown that these genetic risk factors combine in only a small percentage of the popula-
tions in these countries (less than 4%). In individuals who have had a thrombosis and have two or
more of the 15 SNPs (including FVL), risk of a recurrent thrombotic event is 50.3 per 1000 patient
years while all remaining patients had a risk of 30.1 per 1000 patient years. This suggests that
the clinical utility of SNP analysis is limited to only a small subset of patients.*?

The website of the American Society of Hematology carries a number of pieces written by Dr
Kenneth Bauer, Associate Professor at the Beth Israel Deaconess Medical Center at Harvard
Medical School who states that:

“While we are able to identify laboratory abnormalities in a large percentage of venous thrombo-
sis patients, this information cannot yet be used to target those requiring primary antithrombotic
prophylaxis or most of those requiring extended secondary prophylaxis. The coming years will
see progress in achieving these objectives as new hemostatic risk factors are identified and other
laboratory tests (such as D-dimer) are incorporated into diagnostic algorithms derived from pros-
pective studies. The present reality however is this: when a “hypercoagulable workup” uncovers
abnormalities predisposing to venous thrombosis, the strongest risk factor for recurrence is the
prior event itself, particularly if unprovoked or idiopa’thic.”43

2.5.2 Guidelines for FVL use

Guidelines in the countries studied appear to reflect the evidence base, with an emphasis on the
multi-factorial nature of thrombophilia and restraint in test usage, where mentioned.

The American College of Medical Genetics (ACMG) and the College of American Pathologists
(CAP) both issued key guidelines in 2001.** Both CAP and ACMG state that it is not recommend-
ed for use as a general population screen, as an initial test in pregnancy or prior to or during oral
contraceptive use, or hormone replacement therapy.

2 Baglin, T (2004) ‘Management of Thrombophilia: who to screen?’ Pathology of Haemostasis and Thrombosis 33 401-
404; Baglin, T (2001) ‘Evidence-based management of deep vein thrombosis and pulmonary embolus’ Clinical Medicine
1(6) November/ December 348-441; Baglin C et al (1998) ‘Risk of recurrent venous thromboembolism in patients with the
factor V Leiden (FVR506Q) mutation; effect of warfarin and prediction by precipitating factors. East Anglian Thrombophilia
Study Group. British Journal of Haematology’ 100:764-8.
1 Baglin, T (2007) ‘Unprovoked deep vein thrombosis should be treated with long-term anticoagulation — no’ Journal of
Thrombosis and Haemostasis 5; 2336-2339.
2 van Hylckama, VA et al (2008) ‘Proof of principle of potential clinical utility of multiple SNP analysis for prediction
of recurrent venous thrombosis’ Journal of Thrombosis and Haemostasis 6:751-754.
3 Bauer, K ‘When to Do a “Hypercoagulable Workup' ASH website
www.hematology.org/publications/hematologist/ifm04/review.cfm
* The American College of Medical Genetics Consensus Statement on Factor V Leiden Mutation Testing (2001). College
of American Pathologists Consensus Conference XXXVI: Diagnostic Issues in Thrombophilia (2001).
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The ACMG guidelines do not comment on management of patients with FVL but the CAP guide-
lines do address this issue. CAP state that there is no evidence to support a different approach to
managing the acute therapeutic management of VTE in patients with FVL. They state that the
utility of lifelong anticoagulation for patients with FVL has not been established but that it may be
recommended for patients with more than one hereditary thrombophilia (or homozygous carriers
of one hereditary thrombophilia) in certain circumstances, such as FVL positive patients who
have suffered an idiopathic or life-threatening VTE event. FVL carriers with no thrombotic history
should receive appropriate prophylaxis when exposed to risk factors for VTE.

As would be expected, whilst the ACMG guidelines focus on the use of the genetic test, the CAP
guidelines are a far broader exploration of the diagnostic options available in the detection and
management of thrombophilia including when to test, and when not to test.

CAP recommendations on when Factor V testing is appropriate, offer a guide to the quality of
evidence supporting different options by assigning them to one of three levels:

e Level 1 - One or more well-designed prospective study(ies) or two or more well-designed
retrospective studies
Level 2 - Retrospective studies or multiple anecdotal studies that reach consensus
Level 3 - Isolated anecdotal studies and/or consensus of experts

A history of recurrent VTE (Level 2)

A first VTE at less than 50 years of age (Level 1)

A first unprovoked VTE at any age (Level 1)

A first VTE at an unusual anatomic site such as the cerebral, mesenteric,

portal, or hepatic veins (Level 2)

A first VTE, at any age, in a subject with a first degree family member with

a VTE before age 50 (Level 1)

A first VTE related to pregnancy, the puerperium, or oral contraceptive use (Level 1)
A first VTE related to hormone replacement therapy (Level 3)

An unexplained pregnancy loss during the second or third trimester (Level 2)

In the UK there is no guidance from the National Institute for health and Clinical Excellence
(NICE) on the use of FVL testing, but there is widespread concern regarding one common mani-
festation of thrombophilia: that of Deep Vein Thrombosis (DVT) which is often accompanied by
Pulmonary Embolus (PE). In the UK, this may be treated with a haemolytic therapy if patients
need stabilising, but otherwise this is managed with anticoagulation therapy.*

At the time of writing a NICE study on prevention of DVT is being prepared. Attention has focused
on the high incidence of DVT-related hospital events (at least 64,000) including more than 6500
deaths in 2004-05.%° The NICE scoping document states that:

‘There is no current worldwide consensus on which patients should receive thrombophrophylaxis.
The inconsistent use of preventative measures for VTE has been widely reported. A recent UK
survey suggested that 71% of patients assessed to be at medium or high risk of developing DVT
did not receive any form of pharmacological or mechanical thromboprophylaxis’ NICE (2007)
Scope document p.3.

There is no mention in the NICE document of the role of FVL, or any other genetic loci, in

“% Baglin, T (2001) ‘Evidence-based management of deep vein thrombosis and pulmonary embolus’ Clinical Medicine 1(6)
November/ December 348-441.
“® http://www.nice.org.uk/nicemedia/pdf/V T Epreventionscope.pdf
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screening patients for thrombotic risk factors. Table 1 puts the genetic risk factors in a wider con-
text, as explained in the previous section on evidence that perhaps illustrates why this might be
the case — there are many non-genetic factors.

Table 4: Risk factors for venous thrombosis

Procedural-related
= Major orthopaedic surgery to lower limb, for example hip or knee replacement
= Abdominal or pelvic surgery lasting more than 30 minutes under general anaesthetic

= Major trauma - hip fracture is associated with a very high risk of deep vein thrombosis.

Patient- related
= Age >40 and particularly >60 years
= Obesity, body mass index > 30kg/m2 and particularly >35kg/m2
= Previous DVT or PE
= Known thrombophilia (a predisposing state which may be heritable)
= Malignancy
= Heart failure
= Respiratory disease
= Sever infection
= Qestrogen therapy and high dose progestens

= Pregnancy and the postpartum

Adapted from: Table 1 in T. Baglin Venous thromboembolism in hospitalised patients: a public
health crisis’ British Journal of Haematology 141 p.765

In Germany guidelines on thrombosis often mention FVL as a risk factor, among other hereditary
factors and clinical factors. The guideline of the German Society of Surgery (Deutschen Gesell-
schaft flr Chirurgie) and 20 other medical associations on thrombophilia in surgery and pe-
rioperative situations mentions “APC resistance/Factor V Leiden” as a risk factor for thrombophilia
following surgery (DGC et al.,. 2003). The presence of Factor V Leiden is also mentioned as a
risk factor for thrombophilia in patient with venous ulcers (DGP 2008). The German Society for
General Medicin and Family Medicin (Deutsche Gesellschaft fir Allgemeinmedizin und Familien-
medizin (2006), also mentions Factor V Leiden as a risk factor for thrombosis following a stroke.

However it appears the APC resistance test is more commonly recommended than the test for
FVL. The Deutschen Gesellschaft fiir Phlebologie mentions FVL as a risk factor in its Leitlinie:
Diagnostik und Therapie der tiefen Bein- und Beckenvenenthrombose (DGP, 2003), which pro-
vides clinicians with information about the diagnostic and therapy of venous thrombosis of legs
and pelvis. It outlines information of prevalence of the gene variant and relative risk, but does not
recommend FVL testing. A guideline on spontaneous abortion establishes FVL as a risk factor
for thrombophilia in cases of such events, offering the advice that it makes sense to establish
more exactly the risk but without recommending a genetic test (DGGG and AGIM, 2008).

A guideline on cerebral vein and sinus thrombosis considers it important to establish the pres-
ence of FVL in patients for measuring the risk of further manifestations of the disease following
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such an event, but recommends APC resistance measurement (DGN, 2005a). The Deutsche Ge-
sellschaft fir Gynakologie und Geburtshilfe e.V. mentions both Factor V Leiden as a risk factor
for thrombosis in women taking oral hormonal contraceptives, but refers to an APC resistance
test instead of the FVL test (DGGG, 2008).

In the Netherlands, guidelines on thrombophilia and avoidance of thrombosis, as well as the
documents on clinical utility of FVL testing refer to FVL as one among many others hereditary and
acquired risk factors for such events. These risk factors also include antithrombin protein defi-
ciency, protein C deficiency, protein S deficiency and gene variants prothrombin G20210A and
Factor VIII. After mentioning the increase in risk represented by these factors for various condi-
tions (deep vein thrombosis, pregnancy, foetal loss, use of oral contraception) phenotypic and
genetic tests are discussed.

2.5.3 Practice and costs

A recent retrospective analysis of laboratory orders and results from September 2005 to August
2006 looked at doctors’ ordering practices, to measure compliance with the 2002 CAP consensus
guidelines which set out the limitations of thrombophilia testing. The results showed that in 2006,
many physicians appeared to lack awareness of the guidelines (Jackson BR, et al. BMC Clin
Pathol. 2008; 8:3). Second-line (antigen) tests were ordered nearly as commonly as first-line
(functional) assays. Commenting on these results in a recent issue of CAP Today Dr. George
Rodgers, one of the authors of the study, suggested that: “Probably half or more of these sam-
ples were taken from patients on warfarin, so they were falsely positive. A lot of money is being
wasted, and a lot of misleading test results are being recorded.” Dr Rodgers also highlighted the
issue of patient safety: “Patients may be wrongly labelled as having a genetic disease but it is
actually a laboratory mistake,”.*” This could be taken as an indication of why a genotypic test may
be more suitable than a phenotypic one, however even where accurate results are given, CAP
Today cites a US haematologist George M. Rodgers, at a large US reference laboratory, as stat-
ing that “most clinical data suggest that ... making a diagnosis of an inherited disorder in a patient
with a blood clot probably does not change long-term management.” *® This view is echoed in the
UK where one clinician said that ‘in probability’ the test result ‘doesn’t change management of a
patient’ and that the patient with the Factor V Leiden mutation is not at higher risk of recurrence
than other patients with thrombosis who have had a thrombosis (UK clinician). In the Netherlands
there is a general consensus that thrombophilia screening only should be performed where it is
expected that the outcome of the test will influence the management decision of the physician
using evidence based guidelines, but there is continued debate on the evidence, while in practice,
guideline recommendations are not strictly followed leading to overuse.

No reimbursement problems were reported in the UK, the Netherlands and Germany. Indeed one
laboratory in Germany suggested it was too easy (DE lab). The costs of tests are borne by either
the government or health insurance funds. A comprehensive survey of commercial kit prices was
not undertaken, but a single genotype might cost £15 from a CE marked kit (EU Kitmaker), while
one UK lab quoted their price to clients as being around £45. A lab in the Netherlands quoted a
price of 150Euros. However it should be noted that the services may not be comparable, for ex-
ample in the Netherlands one lab reports averaging its costs over all test users whether or not
they require APC and FVL tests to report a full result. Labs may also combine multiple genetic
risk factors in their service price.

" Check, W (2008) Clot knot—unraveling tests for coag disorders CAP Today December
8 Check, W (2008) Clot knot—unraveling tests for coag disorders CAP Today December
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2.5.5 Patients, doctors and the use of test results

A view put forward by UK clinicians and a UK lab was that patients want to know why they have
had a thrombotic event, and that a test can offer them some form of answer. Indeed one lab sug-
gested this might offer them a chance to change their lifestyle to reduce their risks of recurrence.
However the way such information might be used in the clinic is often problematic. A UK qualita-
tive study49 (of 42 patients) has shown that patients who had Factor V Leiden tests used the re-
sults to inform their decisions to take HRT and oral contraceptives, and took precautions when
flying. However they did not change their lifestyles to avoid other environmental triggers (e.g. di-
ets that maintain obesity). Furthermore patients’ experience of the test depended very much on
how informed they were about FVL. Some were left confused and anxious, or had incorrect per-
ceptions that may well be transmitted to other at-risk family members. The results are suggested
to call into question the suitability of FVL testing in an unsupported primary care setting.> Simi-
larly a survey of 110 patients tested for FVL in the US found that after test results had been ex-
plained the majority of patients felt they had not been given sufficient information about FVL. Over
half felt their clinician did not understand FVL.**

2.6 Lessons learned on the role of IP

The patent on the FVL mutation was exclusively licensed by its public sector owner to a large firm
with a diagnostics business that subsequently controlled access to sub-licenses although a num-
ber appear to have been granted, notably to kit makers. As the kit has been licensed several
times it appears that the licensing costs are not unreasonable, yet it also seems that the patent
has not been strictly enforced and many laboratories and some kit makers are infringing the pat-
ent.

2.6.1 Patenting and access to testing for patients

This study has found no evidence in any of the four countries studied of problems relating to the
availability of the FVL tests for patients due to patents on FVL. Although this study is only ex-
ploratory it is notable that in the EU three of five labs we spoke to and at least three of four clini-
cians were unaware of the patented status of FVL. As a UK clinician noted “no-one talks about
I.P. in the context of this assay”.

Labs said that they had not been approached for royalty payments or pressed to use commercial
kits (supporting the statement by the interviewee from the Patent owning institution). FVL was
seen as a very simple test to undertake and it had moved rapidly into use with no delay according
to several EU laboratories. The test is very widely used, even though as noted in the previous
section, it often may not change the management of patients. There do not appear to have been
any problems in obtaining payment from either health insurers or federal healthcare providers in
the Netherlands, Germany or the UK. It was not clear whether or not this was the case in the
USA. Finally, as reported in the Work Package 2 report, interviews with patient organisations in
the UK, Netherlands and Germany did not find any access problems related to patenting.

2.6.2 Patenting and innovation

** Saukko, PM et al (2006) ‘Are genetic tests exceptional? Lessons from a qualitative study on thrombophilia’ Social Sci-
ence and Medicine 63:1947-1959

% saukko, PM et al (2006) ‘Are genetic tests exceptional? Lessons from a qualitative study on thrombophilia’ Social Sci-
ence and Medicine 63:1947-1959

*" Hellmann EA; Leslie ND and Moll S (2003) Knowledge and educational needs of individuals with the factor V Leiden
mutation J. Thromb Haemost 1: 2335-9.
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The FVL test was made available very rapidly by public sector labs developing their own assays,
and one EU lab felt that rapid progress had been made in the field as a result, with multiple tests
being available for comparison by users. The patent was widely noted not to have been enforced
and this non-enforcement was viewed as having favoured in-house developed laboratory tests as
laboratories developing ‘home-brews’ mix and match instrumentation platforms, research only
reagents, commercial kits and customised reagents. Enforcement of a patent would have slowed
down progress according to two EU labs.

A kit maker and a US and EU laboratory scientist thought that research on the clinical validity and
utility of the FVL mutation had been done by academic researchers in Leiden and elsewhere
rather than being funded by commercial organisations, although we found one study where there
clearly had been some collaboration with industry. One respondent suggested that good clinical
validation studies of the FVL association were carried out by Bertina and colleagues in Leiden
and indeed that no other single mutation had a stronger scientific support, which had created a lot
of interest in the possibilities of genetic testing as a whole (EU kit maker). However the same in-
terviewee claimed the licensee (Organon Technica and latterly bioMérieux), had done nothing
following this to build up on this initial good situation: “overall, it seems that bioMérieux made its
profit out of that by doing nothing” (EU kit maker).

The assignee also had found the FVL patent to be profitable and as a consequence of this ex-
perience, they had continued to patent in the field and to add IP to their agreement with their li-
censee. The revenues of the FVL patent have been and are used exlusively to finance (thrombo-
philia) research at Leiden, it is claimed. There was some disagreement amongst other groups as
one laboratory felt the patent was not a success if it could not be enforced while an EU kit maker
thought a profitable outcome was successful enough for the effort made even if there were some
infringers

In contrast to the positive outcome for the licensee, assignee/patent owner and laboratories some
others expressed negative sentiments. One kit-maker that had taken out a licence was disap-
pointed that their market share was eroded because the patent was not enforced. Another kit
maker had delayed launching their product over licensing concerns. This kit maker had also suf-
fered from not being able to access platform IP to develop the test for a wider market. This same
experience in accessing some platform IP (thermostable enzymes) had also affected an EU labo-
ratory that had developed a high throughput method for detection of a range of thrombophilia-
related mutations. Furthermore, concern was expressed by a US kit maker about the stacking of
royalties in this field, who suggested that Universities such as Leiden may agree too high a roy-
alty rate with licensees and that this could delay the launch of commercial kits if a high exclusive
licensee burden is passed on to sub-licensees (although of course it is possible a low cost exclu-
sive license could be sub-licensed at a high price too). Yet despite these concerns, it appears that
commercial products have not been stifled in this case, as proven by the range of kits available.

2.6.3 Lessons from comparing the US and EU

The case of FVL patenting offers fewer opportunities to learn from contrasts between the US and
EU than, for example, TPMT. Firstly, the patent position around FVL appears to be similar in both
regions. Secondly, FVL testing is widely used in all the countries studied, despite there being evi-
dence from each country that the test may have been over-used. Finally, there do not appear to
be significant patent enforcement activities in either region to contrast.
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Appendix B: Factor V Leiden (FVL)

Family Patent Status
1 Granted In force
1 Granted In force
1 Granted In force

Patent Num-
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DE GB NL

us
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1995-02-14

1995-06-06

Publication
Date

19980513
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Rijks Univer-
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ll. TPMT

3.1 Introduction

Thiopurine drugs have been developed since the early 1950s but it was not until the 1990s that
some saw potential for the use of tests to guide treatment decisions. Although the relationship
between TPMT deficiency and neutropenia was quickly proved, the utility of TPMT testing in clini-
cal practice has been much more difficult to agree between stakeholders. The cost-effectiveness
of TPMT testing is also still the subject of inquiry. In the meanwhile an inestimable amount of re-
search time, effort and money has been invested in seeking to elucidate the clinical utility of
TPMT testing and uptake of the test is limited. The TPMT case is the one which most resembles
the BRCA/Myriad case in so far as Prometheus, the company holding the key patents, has com-
mercialised the test as an LDT and has sought to prevent other labs from performing the test.

3.2 Biological background

A number of thiopurine drugs have been developed since the early 1950s. These include 6-
Mercaptapurine (6-MP) and 6-Thioguanine (6-TGN), licensed in the US and EU for the treatment
of different types of leukemia, such as Acute Lymphocytic/ lymphoblastic Leukemia (ALL) and
Azathioprine, licensed for use as an adjunct therapy to prevent renal transplant rejections, to re-
duce the symptoms of rheumatoid arthritis and for treatment of patients with chronic inflammatory
bowel disease (the latter being a major indication of Azathioprine worldwide).>?

*2 See also IPTS (2006) Pharmacogenetics and Pharmacogenomics: State-of-the-art and Potential Socio-economic Im-
pact in the EU. EC-JRC, Seville. Spain.
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As shown in Figure 1 Azathioprine is a pro-drug that is converted into 6-MP. 6-MP is metabolized
by TPMT and several other enzymes. Thiopurines’ therapeutic effect is by providing 6-TGN for
incorporation into DNA during DNA synthesis. This adversely effects the growth of rapidly dividing
cells, including those of the immune system and certain cancers. An alternative pathway, medi-
ated by TPMT diverts metabolites away from the supply of 6-TGN, producing 6-MeMP instead. In
most individuals both 6-TGN and 6-MeMP are produced and a therapeutic effect depends on ob-
taining a sufficient concentration of 6-TGN.

TPMT is a cytoplasmic enzyme found in liver cells and circulating blood cells, isolated by Richard
Weinshilboum and colleges (see Woodson et al.1982). Its role in metabolic pathways for thio-
purine drugs had been studied since the 1960s (Krynetski and Evans 2003).> Weinshilboum’s
group subsequently cloned the gene, described in a patent application in 1994 (see next section).
In 1995 Krynetski et al. working at the St. Jude Children’s Research Hospital, identified, and filed
patent applications on, specific polymorphisms associated with inactivation of the gene and po-
tentially life-threatening adverse reactions resulting from reduced or abolished metabolism of
thiopurine drugs into 6-MeMP (see Kryetski et al. 1995). Adverse events resulting from these in-
clude bone marrow toxicity and associated leucopenia, transaminitis, and elevated risk of lym-
phoma. These effects are dose-related and so are not necessarily limited to those individuals who
are homozygous for polymorphisms in the TPMT gene (Seidman et al. 2006)56.57 Indeed some

* Available at http://www.drugs.com/pro/azathioprine.html accessed November 2008.
% Woodson LC; Dunnette JH and Weinshilboum RM (1982). J. Pharmacol. Exp. Ther., 222, 174-181.
% Krynetski, E and Evans WE (2003) Drug methylation in cancer therapy: lessons from the TPMT polymorphism
Oncogene 22, 7403-7413
% Seidman, E; Dubinsky, M and Sandborn W (2006) ‘Optimizing thiopurine response in IBD: The clinical utility of TPMT
testing and metabolite monitoring’ Gastroenterology and Hepatology 2 (8) Supplement 6.
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heterozygotes may tolerate thiopurine therapy for extended periods of time before having an ad-
verse event (ibid). Around 90% of the population have high activity, 10% intermediate activity
(due to heterozygosity) and 0.3% are homozygous for TPMT deficient copies of the gene, and
therefore exhibit very low or no detectable enzyme activity.>®

3.3 TPMT patents and key assignee exploitation strategies

By the late 1990s thiopurine drugs were widely used and generically produced but some saw
commercial potential not only in the manufacture of these drugs but also in facilitating their clinical
use by using tests to provide further guidance for the safe and effective use of thiopurines.

This section describes how Prometheus Laboratories Inc., a US speciality pharmaceutical firm,
obtained access to a suite of technologies with applications for optimising dosage regimes for
patients taking thiopurine drugs and protected by three patent families - as listed in Table 1.
Notably absent from Table 1 are a number of patents and patent applications filed by a range of
organisations related to TPMT and a variety of applications. These are listed in Annex A, but this
case-study focuses on those deemed to be of core importance at the present time to explaining
current patterns of development and clinical use. Notably absent from our account here is the US
patent (5,470,737) that claims the gene for the wild-type sequence to TPMT. This was filed by
Weinshilboum’s group in 1994 and granted in 1995 to the Mayo Foundation (for the Mayo Clinic,
a large US non-profit medical clinic and research organisation where TPMT was originally iso-
lated). We have not addressed the question of why this patent has not played a larger part in the
subsequent events, other than noting that the patent claims do not explicitly mention diagnostic
applications. Sections 2.1-2.3 detail the main patents that this case focuses on.

3.3.1 Atestto determine the TPMT genotype of patients

The first patent family in Table 1 contains a patent granted in 1999 to the St. Jude Children’s Re-
search Hospital. US patent 5,856,095 claims three polymorphisms in the TPMT gene, and assays
and kits for detecting these using a PCR-based molecular genetic method. This was based on
work relating to TPMT's relevance in the treatment of children with Leukaemia. Despite a PCT
filing for non-US patents made in 1997, these patent applications were allowed to lapse after 30
months. Thus there are no European patents in this patent family. In 2000 an exclusive license
was agreed between St Jude and PPGX, a small biotechnology company offering services to
pharmaceutical firm. The signing of an exclusive license after the 30 month PCT window for in-
ternational patent applications suggests these applications were allowed to lapse due to the ab-
sence of a licensee willing to pay for these costs. The deal between PPGX and St. Jude may
have benefited shareholders of PPGX as in the same year it was acquired by DNA Sciences, an-
other a small biotechnology company, with a focus on clinical test development. In 2001 DNA
Sciences initiated a commercial agreement with Prometheus Laboratories Inc., granting Prome-
theus a sublicense to the St. Jude patent, although DNA Sciences had already commenced
TPMT testing for clinical use by 2001.>° DNA Sciences filed for Bankruptcy in 2003, and was pur-
chased by Genaissance (now itself owned by Clinical Data Inc., Newton, MA). It appears that Pro-
metheus had gained a license, perhaps from the Bankruptcy court, and that that Genaissance
allowed Prometheus to expand the terms of that license, extending the therapeutic areas that
they could apply the test to (Genaissance press release). Due to the changing ownership of the

57 Other side effects such as allergic reactions are not dependent on dosage and are not predictable by testing TPMT
status (round table 2006).

®® Krynetski, E and Evans WE (2003) Drug methylation in cancer therapy: lessons from the TPMT polymorphism
Oncogene 22, 7403-7413

% http://www.prnewswire.com/cgi-bin/stories.pl?ACCT=104&STORY =/www/story/06-18-2001/0001515959& EDATE =
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IP it is not possible to determine how or by whom, but Specialty Labs (Valencia, Calafornia)60 was
also granted a sublicense.

The terms of the St. Jude license are confidential and cannot be reported here.
3.3.2 Atestto determine the concentration of thiopurine metabolites in patient blood

The second patent family in Table 1 contains two US patents and an application for a patent in 19
European states, granted by the EPO to the Canadian Hopital-Sainte-Justine.®* These claim a
method for monitoring the levels of thiopurine drug metabolites as extracted from patient blood
after drug treatment has commenced. As shown in Figure 1 the metabolism of thiopurines results
in the production of both 6-TGN and 6-MeMP, but polymorphisms in TPMT can lead to higher
ratios of 6-TGN to 6-MEMP and associated side-effects. In these patents methods to detect the
ratio of thiopurine metabolites are proposed to offer the opportunity to monitor not only for poten-
tial toxicity but also to ensure a therapeutically effective dose of drug is being delivered — hence
these are offered as safety and efficacy optimising tests. In this case Prometheus actually ob-
tained an exclusive license to the technology at the application stage, i.e. before the first of St-
Justine’s patents issued. Prometheus is the exclusive worldwide licensee of this technology. %

3.3.3 A phenotypic test of the metabolic effectiveness of a patient’s TPMT enzymes

The third and final patent family in Table 1 relates to a family of patents owned by Prometheus.
The first application was filed in 2001 with patents granted in 2003 and 2006. This family also has
European coverage, granted by the EPO in 2008, although it appears at the time of writing that
fee payments are only being maintained in the Britain, not DE and NL. The methods claimed are
for determining TPMT activity after taking a sample of blood from a patient and reacting this with
a thiopurine to ascertain the activity of the patient’'s enzymes. The claims for the method specifi-
cally mentions applications for the test in inflammatory bowel disease although the second US
patent extends the range of experimental methods for determining the phenotype.

3.3.4 Other patents relating to TPMT (see Annex B)

Finally, it is noteworthy that other institutions are also interested in TPMT but have been less ac-
tive thus far, and their patents and applications are detailed in Annex A. Examples include San-
gamo BioSciences (a US Biotech company) who was granted a US patent in 2003 that claims a
method for detecting changes in TPMT gene expression, and other specified drug metabolising
enzymes as part of a panel test, following administration of a drug. Additionally the Biologix Re-
search Company (a US equipment and reagent supplier) hold a US patent (6,946,258) on a
method for measuring 6-MMP using an antibody based test.

0 http://www.specialtylabs.com/
®! Since the analysis was completed further US patents have issued in this patent family, including most recently patents
number 7,425,546 and 7,429,570 issued in September 2008.
2 prometheus Laboratories Press release 11/04/2002 — www.recap.com
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Table 6. TPMT-related patents owned by or licensed to Prometheus Laboratories Inc.

Family Patent
1 Granted
1 Filed
2 Granted
2 Granted
2 Granted
3

Granted
3

Granted
3

Granted

Status in
mid 2008

In force

PCT - Inter-
national
Search Re-
port Mailed
to IB

In force

In force

In force

In force

In force

In force

Patent Number

US5856095A

WO01997007201A1

US 6355623

US 6680302

EP 1115403B1

US6576438B2

US7138250B2

EP1285085B1

Countries
covered*

us

DE GB
NL US

us

us

DE GB
NL

us

us

DE GB
NL

Assignee

St. Jude Chil-
dren's Re-
search Hospi-
tal

St. Jude Chil-
dren's Re-
search Hospi-
tal

Hopital-
Sainte-Justine
(Montreal,
CA)

Hopital-
Sainte-Justine
(Montreal,
CA)

Hopital-
Sainte-Justine
(Montreal,
CA)

Prometheus
Laboratories,
Inc.
Prometheus
Laboratories,
Inc.
Prometheus
Laboratories,
Inc.

Title

Identification of two
novel mutant alleles of
human thiopurine S-
methyltransferase,
and diagnostic uses
thereof

Identification of two
novel mutant alleles of
human thiopurine s-
methyltransferase,
and diagnostic uses
thereof

Method of treating
IBD/Crohn's disease
and related conditions
wherein drug metabo-
lite levels in host
blood cells determine
subsequent dosage

(Continuation of
above patent)

Method for optimizing
the use of 6-
mercaptopurine in the
treatment of immune-
mediated gastrointes-
tinal disorders

Method of determining
thiopurine methyl-
transferase activity
Method of determining
thiopurine methyl-
transferase activity
Method of determining
thiopurine methyl-
transferase activity

* This analysis only focuses on patent coverage in four countries. Patents in other countries have

not been mapped.

An important contextual detail is that TPMT tests represent approximately ~10% of sales at Pro-
metheus Laboratories and that Prometheus has been profitable for several years. Indeed Prome-
theus is a business with two distinct revenue generating focuses. Its speciality pharmaceutical
business focuses on gastrointestinal, autoimmune and inflammatory disorders. This generates

the majority of its sales. One of the drugs Prometheus sells is a branded generic version of

Azathioprine, named Imuran. It is important to note that Prometheus does not actively market
Imuran and that Azathioprine is not licensed for applications other than as an adjunct therapy to
prevent renal transplant rejections and to reduce the symptoms of Rheumatoid Arthritis as noted
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in Section 1 above. Prometheus also have a dedicated CLIA laboratory offering a range of tests,
several of which relate to TPMT, as a recent 2008 press release notes’:

“Combined, Prometheus’ thiopurine management diagnostic tests - PROMETHEUS® TPMT Ge-
netics and PROMETHEUS® TPMT Enzyme for individualizing dosing before therapy, and PRO-
METHEUS® Thiopurine Metabolites for optimizing dosing during therapy — provide information
that helps physicians better manage therapeutic treatment, achieve better clinical outcomes and
lower the potential for toxicity” Prometheus Laboratories (2008)

Prometheus’s strategy thus far has been to provide a laboratory testing service for TPMT rather
than developing a kit for use in outside laboratories.

Another diagnostic kit manufacturer speculated on the case of TPMT and Prometheus’s choice of
strategy suggesting no kits had been made available because of the combination of two factors (i)
costs for FDA approval, thought to exceed $2m and (ii) a royalty burden agreed at too high a
level, possibly because neither party had much experience of structuring such deals:

“TPMT is a fascinating sort because the FDA and the Bureau of Drugs have for years wanted a
diagnostic manufacturer to develop a product for that thing and no manufacturer is going to do it
because they can't afford the royalty burden....its sort of counterintuitive, the FDA... they press
the manufacturers to make regulated products [the FDA say] ‘we want it in a kit, we want you to
commit’ and all this kind of stuff, but when you get into looking at... the licensing environment
what it actually encourages, in some cases such as this one, it actually encourages the labs to do
homebrews and then there’s no consistency, there’s no regulatory oversight other than through
CLIA and so the FDA certainly isn't getting their goals met for having a registered product.”

Instead Prometheus’ strategy seems to be to us a sales force (of around 180) to promote TPMT
testing in support of US gastroenterologists who widely prescribe thiopurines, particularly in the
treatment of Crohn’s disease. This is cost effective for Prometheus as these clinicians also pre-
scribe Prometheus’s other products (e.g. Lotronex for management of Irritable Bowel Syndrome).
It appears that Prometheus is not promoting TPMT tests to clinicians beyond Gastroenterology.
This is likely to be because sales forces are expensive to train and maintain and so unless these
costs are met with sufficient sales revenues (less likely in fields where Prometheus has fewer
products) then Prometheus is unlikely to have an incentive to invest in such efforts.

Materials on the Prometheus website indicate they are active in providing information to health
providers and insurers, marketing the TPMT tests and supporting studies by academic research
groups to further advance the knowledge base around TPMT. A limitation of this case study is
that it has not provided an analysis of the relative investments made by different institutions in the
evidence base for TPMT testing. However it is apparent that Prometheus has been an active in-
vestor in studies generating at least six academic papers directly (focusing on early stage R&D,
such as proof of concept studies), as well as supporting the research of others collaborating aca-
demic groups, as evident from licensing agreements.**

3.3.5 Enforcement in the USA

Prometheus has invested in at least two IP licenses related to thiopurine drug metabolism and
has therefore been keen to enforce their intellectual property rights. In the US they have issued

®® http://phx.corporate-ir.net/phoenix.zhtml?c=130685&p=irol-newsArticle&ID=1219877&highlight=
% Prometheus is mentioned in the address of 6 publications on (as found with a search for thiopurine* on ISI Web of Sci-
ence 4" December 2008).
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cease and desist letters and are involved in litigation, with one dispute settled and two in pro-
gress.

Following filing of a lawsuit by Prometheus, settlement was reached with Speciality Laboratories
Inc. in 2004 due to alleged infringement of Prometheus’s exclusive license for the thiopurine me-
tabolite monitoring test. According to their website, Speciality Laboratories continue to offer this
test as a ‘send-out’ service (i.e. Prometheus undertake the test on their behalf).®® The same test
has also been the subject of litigation with the Mayo Clinic, again due to alleged infringement of
the metabolite monitoring patent by Mayo.

In March 2008, in Prometheus v Mayo the Southern District Court of California found that the
two St. Justine patents in question were invalid because they are based on claims for natural
phenomena i.e. the correlation between the concentration of a drug and a toxic or therapeutic
effect. In the same g/ear the case was taken by Prometheus to the federal court circuit and the
dispute continues.®

Prometheus also filed a lawsuit against Quest Diagnostics Inc. (a large US private clinical test
provider) for allegedly infringing the genotypic test but this case was initially dismissed in 2007 on
grounds that, as a sub-licensee, Prometheus did not have standin% with the court. ® Subse-
quently St. Jude have entered this dispute to enforce their patent.®

3.3.6 Enforcement in the EU

So far Prometheus has not been active in enforcing their intellectual property rights in the EU.
This is evident from comments by several EU laboratories who have not been notified of any pat-
ent infringement.

EU laboratories reported being aware of patents around either TPMT genotyping or phenotyping,
even beyond those in Table B. Yet of six different EU laboratories and a kit manufacturer, only
one interviewee did not have difficulty accurately describing the patent coverage relevant to their
context.

The responses of the six remaining are as follows. One EU laboratory director who employs the
phenotypic test, had seen a patent application for this test had dismissed it. They could not un-
derstand how this patent had subsequently been granted on an enzyme test they suggested was
composed of steps that existed in the prior art (citing the publications of other laboratories to sup-
port this claim). They also expressed scepticism about the patent’s value, given that the lab direc-
tor claimed to be using similar method that was not covered by the patent and the perceived high
cost of enforcement. Another EU laboratory director who was an occasional user of the DNA test
assumed (wrongly) that Prometheus had a patent on the DNA test in the EU but not the pheno-
typic test. A third laboratory director, who used the DNA test, also presumed that Prometheus had
licensed a European patent on genotyping. They reacted by first delaying and then limiting their
own service for the test. They also made it available at no cost, and then at minimum cost. When
they discovered another potential patent problem (The Schwab application covering rare muta-
tions - as a result of being asked to participate in this study) this made them consider returning to
a no-fee service. The laboratory director suggested they would be willing to license the test but
only if it did not result in their price being pushed higher than the current price of ~80 €. Another

® http://www.specialtylabs.com/tests/details.asp?id=S50395
 http://www.patentdocs.net/patent_docs/2008/09/biotech-cases-t.html
" Holman, C (2008) The Impact of Human Gene Patents on Innovation and Access: A Survey of Human Gene Patent
Litigation. February 19 Berkeley Center for Law and Technology. Law and Technology Scholarship (Selected by the
Berkeley Center for Law & Technology). Paper 43. http://repositories.cdlib.org/bclt/Its/43
%8 http://dockets.justia.com/docket/court-tnwdce/case_no-2:2008cv02299/case_id-50388/
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laboratory concluded patents had not had an impact on what they did and decisions to conduct
research on the clinical performance and clinical utility of the test had been unaffected, although
they thought the kit they purchased was based on a patent. One laboratory director that was not
aware of patents on TPMT gene variants believed patent enforcement in their country to be lax
(EU LAB1). Finally the EU kit maker thought the situation to be quite unclear about which patents
were in force in Europe.

3.4 TPMT test availability and usage

Tests related to TPMT may be used to support prescribing across a range of disorders and in
many different countries. A limitation of this case study is that it focuses mainly on gastroenterol-
ogy in the US and EU, although the authors have previously focused on TPMT testing for ALL,
this is a relatively small field compared to gastroenterology where much TPMT testing has been
conducted within large research studies, hence this is not further discussed here.*® However
where possible some comparisons have been made with other disease areas.

3.4.1 TPMT test availability and usage (USA)

US clinicians have a range of tests at their disposal to support the prescribing of thiopurine drugs
including a genetic test that directly screens for known mutations in the TPMT gene, a phenotypic
test that can detect actual enzyme activity levels, and a metabolite monitoring test that can be
used to track drug metabolism in patients during treatment. In addition, the label for Imuran spe-
cifically states that full blood counts are recommended to reveal the extent to which patients are
reacting to treatment, and that TPMT testing is not a substitute for this key indicator of potentially
serious haematological side-effects.”

The PCR-based DNA test for specific polymorphisms in the TPMT gene has been available in the
US since the mid 1990s "* and it was rapidly shown through research in several centres that a
relat;\zlely small number of mutations account for ~95% of inherited TPMT deficiency in popula-
tion.

TPMT-related tests appear to be widely available in the USA, from Prometheus and laboratories
such as Speciality Laboratories, and the Mayo Clinic who send samples to Prometheus’?, as well
as from other private laboratories who operate their own service, despite the threat of litigation,
such as Quest. One laboratory (US labl) indicated at interview they had not launched a genotypic
test due to the patent position, but after some years of delay had developed, very recently, their
own phenotypic test which, based on legal advice they believed did not infringe Prometheus’s
intellectual property.

Nonetheless, the extent of TPMT test usage in the US is difficult to determine. Yip et al. under-
took a survey of 145 US gastroenterologists (which is only a small sample of the total suggested
by interviewees to be over 11,000). These were also based on a subset interested in attending

69 See IPTS (2006) Pharmacogenetics and Pharmacogenomics: State-of-the-art and Potential Socio-economic Impact in
the EU. EC-JRC, Seville. Spain, and Woelderink, A., Ibarreta, D., Hopkins, M.M. & Rodriguez-Cerezo, E. The current
clinical practice of pharmacogenetic testing in Europe: TPMT and HER2 as case studies. Pharmacogenomics J. 6, 3—-7
(2006).
" Available at http://www.drugs.com/pro/azathioprine.html accessed November 2008.
™ Yates, C et al. (1997) ‘Molecular Diagnosis of thiopurine S-methyltransferase deficiency: genetic basis for azathiopurine
and mercaptopurine intolerance’ Annals of Internal medicine Apr. 126(8):608-14.
"2 Krynetski, E and Evans WE (2003) Drug methylation in cancer therapy: lessons from the TPMT polymorphism
Oncogene 22: 7403-7413
"8 http://www.mayomedicallaboratories.com/test-catalog/Clinical+and+Interpretive/91565 accessed 20/04/09
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certain events). They found clinicians use blood counts more than testing for TPMT levels or
monitoring.”* Indeed only 35% reported using TPMT testing while 46% used metabolite monitor-
ing (58% of those checking metabolites also tested TPMT activity levels, and 75% of those using
tests of TPMT levels also used metabolite monitoring). Yet 50% of gastroentrologists who chose
to start patients at full doses of Azathioprine, rather than using a dose escalation strategy, did so
without offering their patients a TPMT test.” Clinicians who tested for TPMT were more likely to
start their patients at a full dose, which could yield more rapid therapeutic benefit for their patients
when dosed safely.”

There are also clearly still debates within the clinical community over which tests to use. Some
suggest phenotyping gives results that are more useful for dosing intermediate metabolisers than
genotyping and, as a direct test of the metabolism is better (US clinician).”” However the US clini-
cian interviewed did not use the test often and thought that clinical trials were needed to show the
utility of any form of TPMT testing in the context of Crohn’s disease. Yip et al. noted that there
were no expert guidelines on how to use TPMT or metabolite monitoring for gastroenterologists,"®
and the US clinician interviewed suggested that although the FDA and AGA guidelines suggested
a test should be used it was still unclear how to act on the results.

Furthermore the US clinician suggested “it takes a week to get back results, that's one thing so
it's a long delay...that to me is a problem. Its also very expensive [they suggested over $300] and
many insurance companies don't pay for it...that's why | don’t use it very frequently” (US Clini-
cian).

This view was echoed by the US laboratory interviewed, who suggested that clients wanted to
choose which laboratory provided the service and that Prometheus’s test was too expensive. Yip
et al. also note that many gastroenterologists had difficulty in using tests due to reimbursement
issues with insurers, and also on test availability, although they did not determine the impact of
these factors. It is not possible to determine if these views are representative in this study.

A commercial provider can of course argue that their test is more expensive because of the costs
of maintaining the sales force that sells it and that this information provision allows the test to dif-
fuse where it otherwise might not do so as quickly. It may also be argued that a specialist lab fo-
cusing on the test will have better expertise in provision of that test than some other providers
and that this will have implications for the quality of the test they can produce.

It should be noted that there is a global quality assurance scheme for TPMT testing laboratories
which may mitigate this concern to some extent. Indeed a US laboratory suggested “The flip side
of this [monopoly on testing] is that with only one laboratory performing testing, patients' cannot
get a ‘second opinion’ or be able to judge the quality of the testing.”

Indeed the Mayo clinic website details for their send-out service for the Prometheus test seem to
suggest that this test focuses on three mutations only,”® which is a less extensive test than some
European tests (see below).

™ Yip JS et al (2008) how are Azathioprine and 6-Mercaptopurine dosed by Gastroenterologists? Results of a survey of
clinical practice Inflamm Bowel Dis 14(4) April. 514-518.
® Yip JS et al (2008) how are Azathioprine and 6-Mercaptopurine dosed by Gastroenterologists? Results of a survey of
clinical practice Inflamm Bowel Dis 14(4) April. 514-518.
" Yip JS et al (2008) how are Azathioprine and 6-Mercaptopurine dosed by Gastroenterologists? Results of a survey of
clinical practice Inflamm Bowel Dis 14(4) April. 514-518.
" Seidman et al. 2006.
8 Yip JS et al (2008) how are Azathioprine and 6-Mercaptopurine dosed by Gastroenterologists? Results of a survey of
clinical practice Inflamm Bowel Dis 14(4) April. 514-518.
" http://www.mayomedicallaboratories.com/test-catalog/Clinical+and+Interpretive/91565 accessed 20/04/09
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3.4.2 TPMT test availability and usage (EU)

Azathioprine is a widely used drug in the EU, as indicated by a survey recording that 99% of re-
sponding English clinicians in Dermatology, Rheumatology and Gastroenterology prescribe it.%°

In the EU there as been little commercial investment behind TPMT testing,®* By contrast Prome-
theus has clearly made a substantial investment in licenses, R&D and market shaping.

Compagni et al. suggest there are at least 24 laboratories conducting TPMT genotyping in the
EU, but indicated that these processed no more than 300 of these tests per year.” However a
number of laboratories also offered phenotypic testing, which was indicated as a nhecessary com-
plement to the genotypic test. Some other laboratories focused on the phenotypic enzyme test,
using the genotypic test only to confirm the presence of specific mutations.

This case study focuses only on Germany, the Netherlands and the UK and finds indications of
strong differences between them in the uptake of TPMT-related laboratory services.

A small number of laboratories were identified as offering TPMT tests in each of the countries
studies. Several commercial kit producers were also identified, although previous research found
almost all EU laboratories surveyed use homebrews rather than kits.*> Comparative prices for all
TPMT tests were not gathered but as an illustration, kits in Europe have been suggested as cost-
ing laboratories 20-30€ per test unit for genotypic kits. An average of 68€ for a genotypic test is
typical for a laboratory service, and in the countries where insurance reimbursement is above the
cost of the test, this averaged 188€.%* This compares with a price of over 400€ for Prometheus’s
test, as quoted by Dubinsky et al. (2005) cited in Compagni et al. (2008). It therefore appears
Prometheus’s test is twice as expensive as those offered in EU laboratories. However it should
be noted that all lab test prices are likely to vary from list prices.

Qiagen/Artus manufacturer a CE-marked artus® TPMT LC PCR Kits. (Compagni et al., 2008;
Qiagen 2007), while it seems ImmunDiagnostik AG, stopped offering such kits because of lack of
market interest. Biologix also offer a CE-marked immunodiagnostic kit.®> Applied Biosystems also
offer a test that detects TPMT mutations together with numerous other drug metabolizing en-
zymes. However this is not licensed for clinical use. German producers of azathiopurine collabo-
rated for a period with a German hospital laboratory to offer, as a free trial, phenotyping as a
companion to their therapeutic (EU clinician and EU lab director).

In Germany two laboratories reported low demand for testing even though the test was reportedly
widely available. This was suggested to be because of a lack of awareness amongst clinicians
rather than due to patent related issues. However a German clinician and a laboratory said that
TPMT is not currently reimbursed by health insurers there, citing that the test could only explain
30-50% of toxicity cases.

¥ Fargher EA et al (2007) Current use of pharmacogenetic testing: a national survey of thiopurine methyltransferase test-
ing prior to azathioprine prescription Journal of Clinical Pharmacy and Therapeutics 32(2):187-95.
& Hopkins, M et al (2006) ‘Putting pharmacogenetics into practice’ Nature Biotechnology 24(4): 403-410.
¥ Compagni A (2008) Avoiding adverse drug reactions by pharmacogenetic testing : A systematic review of the economic
evidence in the case of TPMT and AZA-induced side effects. International Journal of Technology Assessment in Health
Care 24(3): 294-302.
8 Compagni A (2008) Avoiding adverse drug reactions by pharmacogenetic testing : A systematic review of the economic
evidence in the case of TPMT and AZA-induced side effects. International Journal of Technology Assessment in Health
Care 24(3): 294-302
8 Compagni A (2008) Avoiding adverse drug reactions by pharmacogenetic testing : A systematic review of the economic
evidence in the case of TPMT and AZA-induced side effects. International Journal of Technology Assessment in Health
Care 24(3): 294-302.
% http://www.tpmtassay.com/ accessed 5th December 2008
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Nonetheless one lab has recently developed a multiplex genotyping assay for research purposes
that includes all 24 currently known functionally relevant alleles for TPMT.® This group has un-
dertaken very large clinical studies for research purposes on the pharmacogenetics of TPMT,
including a least 20,000 patients over the last seven years. These studies examined the accuracy
of genotyping for prediction of different TPMT phenotypes, with a view toward pharmacogenetic
applications for thioprine drugs in inflammatory bowel syndromes,?’ identified novel variants of
the gene and established multiplex testing methods.®®#° One kit-maker is developing a panel test
for all the known polymorphisms, but other available kits provide fewer mutations.

In the Netherlands a number of laboratories were noted to perform tests for TPMT but the two
interviewed reported low interest from clinicians although tests are reimbursed.

The experience of the two UK laboratories interviewed contrasts with the above as clinical inter-
est appears to be much higher. Tests are also lower priced than in other countries.”® This may be
because economies of scale emerge and higher testing volumes also could explain shorter sam-
ple reporting times (2-3 days in the UK vs 3-5 days in the Netherlands) discussed at interview.

Recent figures on TPMT test usage by gastroenterologists are available for England and the
Netherlands. Fargher et al.”* surveyed one member of every dermatology, rheumatology, and
gastroenterology department in England and obtained a 70% response rate (287 respondents).
67% of responding clinicians reported using a phenotypic TPMT test. More specifically 60% of
gastroenterologists used a TPMT test. This compares to only 31% of Dutch gastroenterologists.
Interestingly this is considerably higher than the 5% de Boer et al. (2006) reported just two years
earlier in a survey to which over 50% of Dutch gastroenterologists responded.” In both countries
full blood counts are undertaken by almost all clinicians as part of a continuing monitoring. Van
Marrewijk et al.*®® note that the majority of Dutch gastroenterologists reported knowledge of TPMT
and metabolite monitoring techniques to optimize thiopurine treatment (genotype: 80%; Enzyme:
83% and Metabolite monitoring: 70% of the respondents). However, uptake of these methods in
clinical practice is limited: only 31% (n=17) reported using one or more of these techniques some-
times (Genotype/ Enzyme /Metabolite: n=6/7/8), mostly (n=2/0/2), or always (n=1/1/1) (ibid). Far-
gher et al. did not ask English clinicians to report their knowledge or use of metabolite monitoring.

¥ Schaeffeler E et al (2008) Highly Multiplexed Genotyping of Thiopurine S-Methyltransferase Variants Using MALDI-TOF
Mass Spectrometry: Reliable Genotyping in Different Ethnic Groups. Clinical Chemistry. 54: 1637-1647.
8 Schaeffeler E et al (2004) Comprehensive analysis of thiopurine S-methyltransferase phenotype-genotype correlation in
a large population of German-Caucasians and identification of novel TPMT variants. Pharmacogenetics. 14(7): 407-417.
# Schaeffeler E et al (2008) Highly Multiplexed Genotyping of Thiopurine S-Methyltransferase Variants Using MALDI-TOF
Mass Spectrometry: Reliable Genotyping in Different Ethnic Groups. Clinical Chemistry. 54: 1637-1647.
% Schaeffeler E (2006) Three novel thiopurine S-methyltransferase allelic variants (TPMT*20, *21, *22) - association with
decreased enzyme function. Human mutation. 27(9): 976.
% Compagni A et al (2008) Avoiding adverse drug reactions by pharmacogenetic testing : A systematic review of the eco-
nomic evidence in the case of TPMT and AZA-induced side effects. International Journal of Technology Assessment in
Health Care. 24(3): 294-302.
! Fargher EA et al (2007) Current use of pharmacogenetic testing: a national survey of thiopurine methyltransferase test-
ing prior to azathioprine prescription Journal of Clinical Pharmacy and Therapeutics. 32(2):187-95.
2 De Boer NKH; Mulder CJJ and van Bodegraven AA. (2006) Impracticalities of thiopurine S-methyltransferase determi-
nation in daily inflammatory bowel disease practice (Letter to the editor). Alimentary Pharmacology & Therapeutics, 23,
1278.
% van Marrewijk, CJ et al (2008) Treatment regimes of azathioprine or 6-mercaptopurine in inflammatory bowel disease in
clinical practice, Presentation of the results of a study at the spring meeting of the Dutch Association for Gastroenterology
(NVGE), the Dutch Association for Hepatology, the Dutch association for gastrointestinal surgery and the Dutch Associa-
tion of Stomach-Bowel-Liver Docters (in March 2008. at: www.nvge.nl/uploads/NW/JP/NWJPB-
1XFv4FPquaDGnjig/Abstractboek-voorjaar-2008.pdf accessed 17/10/2008.
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Dramatic change in test usage has been achieved in English dermatology where usage has in-
creased to 94% where as it was reportedly at zero ten years previously. >* This appears to be
because Dermatologists follow their clinical guidelines more than other surveyed specialties, and
the British Association of Dermatologists’ guidelines now specifically state TPMT testing should
be performed prior to patients starting therapy. In contrast the British Society of Gastroenterology
states that they cannot recommend TPMT testing on the basis of many previous years of ac-
ceptably safe use of Azathioprine, while the British Society for Rheumatology suggests only that
clinicians consider using the test. % In the latter speciality only 47% of clinicians use the test. The
UK drug information sheet for Azathioprine also does not mention the use of TPMT testing.*®

In considering the uptake of TPMT testing in England the clinician interviewed suggested that
even though Prometheus are yet to promote TPMT testing in Europe, Prometheus’s funding of
some research, and the enthusing of US clinicians could have given an indirect fillip to the test's
use in the UK. While this may have had some impact, it is surprising to see the strongest uptake
appears to be in a field that Prometheus has not been actively pursuing, that of Dermatology.

Returning to the issue of lower uptake, de Boer et al. found that Dutch gastroenterologists re-
garded the continued mandatory use of blood counts, continued cases of neutropenia, and slow
time to get TPMT test results back as being reasons explaining the reticence of 64% of respon-
dents to take up the test.

Similar surveys for Germany were not found but considerable variation in clinical guidelines was
revealed for use of the same drug by different clinical specialties, as in the UK. TPMT genotyping
with Azathiopurine use is discussed in guidelines for autoimmune hepatitis, neurodermitis and
myasthenia gravis®" %1% |n the first case, guidelines suggest the need to evaluate the level of
activity of the TPMT enzyme before treatment begins. For neurodermitis, more precise indications
for dosage are given in cases of low and normal activity measurements of the enzyme. The
guideline on myasthenia gravis mentions the possibility to do genotyping as well as phenotypic
activity measurement for determining risks of toxicity before treatment with azathiopurine. It also
mentions the prevalence of the TPMT gene variant that codes for low activity enzymes. On the
other hand guidelines for cerebral vasculitis do not mention the possibility to monitor toxicity when
using Azathiopurine.™*

% Fargher EA et al (2007) Current use of pharmacogenetic testing: a national survey of thiopurine methyltransferase test-
ing prior to azathioprine prescription Journal of Clinical Pharmacy and Therapeutics 32(2):187-95.
% Fargher EA et al (2007) Current use of pharmacogenetic testing: a national survey of thiopurine methyltransferase test-
ing prior to azathioprine prescription Journal of Clinical Pharmacy and Therapeutics 32(2):187-95.
% http://www.bnf.org/bnf/bnf/current/4781. htmitthis
" Deutschen Dermatologischen Gesellschaft (DDG); Osterreichischen Gesellschaft fiir Dermatologie und Venerologie;
Arbeitskreises Pharmatkonomie in der Dermatologie; Arbeitsgemeinschaft Dermatologische Forschung; Arbeitsgemein-
schaft Padiatrische Dermatologie in der Deutschen Dermatologischen Gesellschaft; Berufsverbandes der Kinder- und
Jugendarzte; Arbeitskreises Psycho-Dermatologie; Deutschen Gesellschaft fir Allergologie und klinische Immunologie;
Gesellschaft fur Padiatrische Allergologie; Berufsverbandes Deutscher Dermatologen; Schweizerischen Gesellschaft fur
Dermatologie und Venerologie; Schweizerischen Gesellschatft fiir Allergologie und klinische Immunologie; Arbeitsgemein-
schaft Neurodermitis-Schulung; Deutschen Gesellschaft fur Kinder- und Jugendmedizin; Arbeitsgemeinschaft Dermatolo-
gische Rehabilitation; Deutschen Allergie- und Asthmabundes; Deutschen Kontaktallergie-Gruppe. 2008. Neurodermitis.
Online at AWMF online: www.awmf.org. Visited 17 October, 2008.
% Deutschen Gesellschaft fiir Neurologie (DGN). 2005. Myasthenia gravis. Online at AWMF online: www.awmf.org. Visi-
ted 17 October, 2008.
% Gesellschaft firr Padiatrische Allergologie und Umweltmedizin (GPA). 2008. Neurodermitis. Online:
http://www.gpaev.de/typo/fileadmin/user_upload/GPA/dateien_indiziert/Leitlinien/gem_Leitlinie_Neurodermitis.pdf. Visited
November 19, 2008.
1% Gesellschaft fur Padiatrische Gastroenterologie und Ernahrung (GPGE). 2007. Autoimmunhepatitis (AIH). Online at
AWMF online: www.awmf.org. Visited 17 October, 2008.
Y'peutschen Gesellschaft fur Neurologie (DGN). 2005d. Zerebrale Vaskulitis. Online at AWMF online: www.awmf.org.
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German guidelines for Crohn’s disease do refer to the genetic basis of TPMT activity but advo-
cate use of blood cell counts rather than a pharmacogenetic test."* Earlier guidance recom-
mended the genetic test only in exceptional cases.'® The current quidance for Crohn’s is mir-
rored for other guidelines, such as for treatment of Colitis ulcerosa™*, Myositis Syndrome*®, neu-
ritis'®®, and multiple sclerosis.*®’

The above guidance is in contrast to that published in Germany by clinical scientists**®, who ad-
vocate both phenotypic and genotypic tests with Azathioprine use. Teml et al., also in Germany,
suggest that while weekly determination of the complete blood count in the first month of therapy
might be sufficient to avoid side effects, such a measure were heavily dependant on the compli-
ance of patients.' They considered it in the interests of patients to screen for TPMT deficiency
prior to thiopurine therapy, which would allow exclusion of patients likely to experience neutro-
penia. Yet the LOGD (2007) white paper on genetics in public health cites evidence showing that
78% of adverse drug events following azathioprine or 6-mercaptopurine treatment are not related
to TPMT genotypic variants.™*° One interviewee suggested current guidelines focused on pheno-
typic measures, including the blood count, for this reason, as well as because phenotypic tests
where less expensive, while another suggested the debate was still ongoing. German authors
suggested that reliance on reliance on blood counts is dependent on patient compliance in at-
tending for these tests, which is a draw back.***

3.5 The clinical utility and cost-effectiveness of TPMT

In the US, some gastroenterologists view the clinical utility of TPMT testing as being (i) the detec-
tion of patients at risk of adverse drug reactions prior to these occurring (ii) earlier arrival at an
optimal dose and therefore more rapid benefit for the patient and (iii) in the case of metabolite
monitoring, assessment of dosage in a dynamic manner to detect, for example, non-compliance,
or mal-absorption.* This range of utility is seemingly shared more Widel}/ as reflected in the full
range of TPMT tests used by Gastroenterologists surveyed by Yip et al.™** and the willingness of

192 Hoffman JC et al (2008) S3-Leitlinie “Diagnostik und Therapie des Morbus Crohn”. Ergebnissed einer Evideny-
basierten Konsensuskonferenz der Deutschen Gesellschaft fir Verdauungs- und Stoffwechselkrankheiten zusammen mit
dem Kompetenznetz Chronisch entziindliche Darmerkrankungen. Zeitschrift fur Gastroenterologie. 46: 1094-1146.
1% Hoffman J.C and Zeitz M (2003) Chronisch-aktiver Morbus Crohn. Zeitschrift fir Gastroenterologie. 41: 31-35.
1% Deutschen Gesellschaft fiir Verdauungs- und Stoffwechselerkrankungen (DGVS). 2004. Diagnostik und Therapie der
Colitis ulcerosa. Ergebnisse einer "evidenz"-basierten Konsensuskonferenz. Online at AWMF online: www.awmf.org.
Visited 19 November, 2008.
1% peutschen Gesellschatt fiir Neurologie (DGN). 2005c. Diagnostik und Therapie der Myositiden. Online at AWMF
online: www.awmf.org. Visited 19 November, 2008.
1% peutschen Gesellschaft fiir Neurologie (DGN). 2005e. Neuritis: Chronische immunvermittelte Polyneuritis, infektiose
Neuritis. Online at AWMF online: www.awmf.org. Visited 19 November, 2008.
97 beutschen Gesellschaft fiir Neurologie (DGN). 2004. Diagnostik und Therapie der Multiplen Sklerose. Online at AWMF
online: www.awmf.org. Visited 19 November, 2008.
1% Deufel D et al (2008) Richtlinie: Labormedizinische Diagnostikl bei der Therapie mit TPMT (Thiopurin-S-
Methyltransferase)-abhangigen Pharmaka. Laboratoriums Medizin. 28(6): 477-482.
%9 Teml| A et al (2007) Thiopurine Treatment in Inflammatory Bowel Disease. Clinical Pharmacology and Implication of
Pharmacogenetically Guided Dosing. Clinical Pharmacokinetics. 46(3): 187-208.
119 see van Aken J et al (2003) Prospects and Limits of Pharmacogenetics. The thiopurine Transferase (TPMT) Experi-
ence. American Journal of Pharmacogenomics. 3: 149-155 — Cited in : LOGD 2007. Genetik in Public Health. Teil 1:
Grundlagen von Genetik und Public Health. Wissenschaftliche Reihe. Online at www.loegd.nrw.de, visited November 21,
2008.
"' Teml A et al (2007) Thiopurine Treatment in Inflammatory Bowel Disease. Clinical Pharmacology and Implication of
Pharmacogenetically Guided Dosing. Clinical Pharmacokinetics. 46(3): 187-208.
12 seidman, E., Dubinsky, M., and Sandborn W. (2006) ‘Optimizing thiopurine response in IBD: The clinical utility of
TPMT testing and metabolite monitoring’ Gastroenterology and Hepatology 2 (8) Supplement 6.
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many to use both tests. Indeed economic analysis by Dubinsky et al. (2005)*** suggests use of a

combined TPMT enzyme testing and metabolite monitoring, even at commercial cost, can lead to
savings in patient management of around $1300 in the first year of treatment. However, this is
based on assumptions that it takes longer to get to maintenance dosages using more incremental
dosing (unguided by TPMT testing). In fact, Yip et al.’s (2008) data suggest that US clinicians,
especially those treating many patients with Azathioprine, do not take as long to reach mainte-
nance doses as might be assumed. Although it is entirely anecdotal, our one US clinician inter-
viewee stated that they did not see the TPMT test as being sufficiently evidentially supported for
him to use it in the treatment of Crohn’s disease.

In the EU, interviewees and the scientific literature made fewer references to metabolite monitor-
ing and benefits of using TPMT phenotyping to give higher doses to ultra-metabolizers (as stated
by an interviewed EU lab director) are generally not discussed. Instead the literature focuses
more on whether or not to use a phenotypic or genotypic test or whether to use a test at all. ***Al-
though phenotyping and genotyping have been shown to have over 98% concordance'® there
are important limitations for both. Phenotypic tests will give misleading outcomes if patients have
had blood transfusions, and genotypic tests can miss individuals with rare mutations (because
tests are not generally full sequence based, but screen for selected known mutations). Although
US and some laboratories interviewed favoured the phenotypic test, laboratories often used both
in varying degrees. In particular two laboratories noted that they used the genotypic test to char-
acterize samples from patients experiencing serious side effects and screened samples with
TPMT activity characteristic of polymorphisms. One EU lab reported using the tests in this man-
ner routinely, for which the client is charged only for the phenotypic test.

Although there are at least eight cost-benefit studies for TPMT testing in a range of conditions
these have been criticized for using models based on simulations rather than real patient
data.™*"**® In particular the utility of testing may be dependent on key variables such as the inci-
dence of fatal adverse drug reactions for which estimates are suggested to be problematic. None-
theless Compagni et al. concluded that the average cost to a health service per ADR prevented
was over 5300€."° To address concerns of data inadequacies large scale prospective random-
ized clinical trials of a thousand patients each have been launched in the UK (in 2006) and the
Netherlands Qn 2007) funded by the Department of Health and Dutch Medical Research Council,
respectively. 0121 However the UK clinician interviewed suggested it would be difficult to per-
suade some doctors to join the trial and not to use TPMT tests, given the perceived risk of pre-
scribing Azathioprine without such guidance. No similar cost-effectiveness studies of TPMT test-
ing in were found Germany.

14 Dubinsky, M et al (2005) A cost-effectiveness analysis of alternative disease management strategies in patients with
Crohn’s disease treated with azathioprine or 6-mercaptopurine. American Journal of Gastroenterology 100: 2239-2247.
* payne K et al (2007) Editorial TPMT testing in rheumatology: any better than routine monitoring? Rheumatology
46:727-729
118 schaeffeler E et al (2004) Comprehensive analysis of thiopurine S-methyltransferase phenotype-genotype correlation
in a large population of German-Caucasians and identification of novel TPMT variants. Pharmacogenetics 14:407-17
"7 payne K et al (2007) Editorial TPMT testing in rheumatology: any better than routine monitoring? Rheumatology
46:727-729
118 Compagni A.et al (2008) Avoiding adverse drug reactions by pharmacogenetic testing : A systematic review of the
economic evidence in the case of TPMT and AZA-induced side effects. International Journal of Technology Assessment
in Health Care 24(3): 294-302.
119 Compagni A et al (2008) Avoiding adverse drug reactions by pharmacogenetic testing: a systematic review of the eco-
nomic evidence in the case of TPMT and AZA-induced side effects. International Journal of Technology Assessment in
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3.6 Lessons on therole of IP in the development and use of genetic tests

The key lessons from this case can be divided into themes relating to the US and EU compari-
son, the potential for negative impacts of patents on diagnostics, and wider issues related to the
translation of genomic research into clinically useful tools.

3.6.1 Lessons from comparing the US and EU

This case provides an example where some key intellectual property (from St. Jude) exist in the
USA but not in EU, and where a strong commercial influence has been apparent in the US and
not the EU. However it is an imperfect comparison for inferring impacts of DNA patenting in the
US or not from patenting in the EU for the following reasons. Firstly there is another DNA patent
on specific polymorphisms in the EU that may yet grant (held by Epidauros in Germany). Sec-
ondly there is uncertainty around the status of the patents or even lack of awareness of the pat-
ents in the EU. Thirdly, laboratories may chose to use the phenotypic test in its place. The recent
EPO approval of applications for patents on both the phenotypic and metabolite monitoring meth-
ods has further complicated the picture and it is unclear what the impact of these will be at this
stage.

In the US, a commercialisation strategy has been pursued to encourage the rapid diffusion of the
test. Commercial investment has been supported through patenting and enforcement. It has been
necessary for the leading commercialising company to patent or license several technologies to
ensure the comprehensive coverage they require to establish a durable franchise. Their high pro-
file sales and marketing of the test is in effect subsidised as sales staff also have other products
to discuss with potential client physicians. These efforts appear to have generated an interest in
the broad range of TPMT- related applications, although the ‘control experiment’ of looking at up-
take in other fields in the US where Prometheus has not marketed is not studied here. However
the extent of current use by US gastroenterologists is also likely to be motivated by clinical guide-
lines and FDA recommendations to include information about TPMT testing in addition to full
blood counts in the drug label, and these obviously are not dependent on Prometheus’s sales
force for their effectiveness.

The commercialising company has been able to undertake these efforts apparently without li-
censing the original patent on the wild-type TPMT gene held by the Mayo. It is not clear how
many polymorphisms are included in genotypic TPMT test, nor whether Prometheus has licensed
these. This seems to illustrate that just because a gene is patented, diagnostics applications are
not always covered.

In the EU, it was previously reported there was no major private sector motive driving the adop-
tion of TPMT testing.'** However it now appears that several companies have invested in TPMT
kits. Yet few laboratories appear to be using these products. Clinical uptake has also been mixed.
In Germany and the Netherlands TPMT test usage appears to be low, beyond a few large re-
search projects. Yet usage is much higher in the UK, particularly in dermatology where uptake
has proceeded rapidly. There is strong evidence to suggest that clinical guidelines are responsi-
ble for this. In other fields though, clinical guidelines are less prescriptive and uptake is lower,
both in the UK and elsewhere. Intriguingly, gastroenterologists writing guidelines in the EU and
US have come to different conclusions on TPMT testing, with the AGA supporting its use and the
European Crohn’s disease and colitis Organisation not supporting it,**® although it is not clear
why this should be the case.
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3.6.2 Concerns over negative impacts of patents

Caveats from the previous section accepted, it is clear that more than one of the six EU laborato-
ries interviewed had thought about limiting their use of the DNA test because of the perception of
a patent being in force, even though this is not the case. EU clinicians however were not aware of
this issue or thought that it had not had an impact on test availability.

In the US there is a more clear impact, with Prometheus actively enforcing its property rights.
Laboratories either had to send tests to Prometheus for testing, refrain from offering a test, or
challenging Prometheus, including through litigation.

This will likely mean that clients are paying a higher fee for tests due to the lack of competition
and the presence of enforcement, although it is not clear to what extent this will affect the reim-
bursement of the test or the level of demand. Another issue is that Prometheus is focusing on
sales and marketing for gastroenterologists, as a speciality pharmaceutical company, but may not
be attempting to reach other relevant specialties such as rheumatologists or dermatologists (al-
though we have not interviewed these groups so cannot be sure about their usage of the test). If
other laboratories are prevented from serving these groups in the meanwhile, then such a strat-
egy could be delaying interventions for patients. This is an impact that could also manifest in the
EU, if patents on some TPMT tests are enforced and not others. Even though there are substitute
tests, laboratory interviewees and the literature suggests these are best used in combination. An
interesting foot note is that the patent on the wildtype gene by Mayo has not prevented the devel-
opment and enforcement of patents on the gene and this is an important caveat to be noted
against arguments of the exceptional nature of gene patents.

There is also a potential impact that may result from operating a centralised testing model rather
than outlicensing or selling kits (there are no FDA approved kits for TPMT testing). Prometheus
may well be extending the time for some samples to be processed and thereby diminishing the
test’s utility, as these samples have to be sent on from their laboratory of origin to Prometheus’s
testing facilities. However it is equally possible that Prometheus'’s testing process is faster if they
have a high-throughout system dedicated to large-scale TPMT testing. This issue has not been
investigated here, but it is clear that choice of laboratory and length of reporting times are impor-
tant concerns for clients. It is also possible that small scale use of TPMT testing by numerous
laboratories presents similar issues in the EU, with slower reporting times due to batching of
samples for processing (which is efficient with laboratory staff time, but does not benefit patients).
Prometheus also suggests that quality may suffer if tests are undertaken at laboratories without
expertise with the test, but equally any system with a single service provider is open to criticisms
relating to transparency where quality is concerned (for example it is not clear whether Prome-
theus’s test covers the same range of mutations that some EU labs use).

Another concern raised by the US laboratory interviewed is that Prometheus could assert their
patent rights in a way that limits research on TPMT testing. This is possible in the US, but less
likely in the EU due to the statutory research exemption in most European countries. There is
evidence that TPMT does not explain many ADR’s related to thiopurines and in the future a range
of other genes and their enzymes may be found to play a role in this metabolic process. Prome-
theus would have a major interest in the development of wider panels of tests. Given that Prome-
theus seems to have been focused on a single market (Gastroenterology) and geography (the
USA) to date and, as they have a relatively small diagnostics business, they contribute only a
small faction of the total research field on the application of TPMT. They are therefore a likely
beneficiary of continued external research in TPMT and related metabolic fields.
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3.6.3 The challenge of translating genomic research into clinical tools and a role for
marketing?

The case of TPMT illustrates well the complexities of bringing a diagnostic test into mainstream
use. Although the relationship between TPMT deficiency and neutropenia was quickly proved, the
extent to which TPMT testing can reduce the incidence of life threatening side effects, or bring
other benefits such as more rapid achievement of patient benefit from therapy, has been much
more difficult to agree between stakeholders. The cost-effectiveness of TPMT testing is also still
the subject of inquiry. In the meanwhile an inestimable amount of research time, effort and money
has been invested in TPMT testing and what its role should be a number of clinical fields.

Despite potential negative impacts from patenting, the case demonstrates that other factors also
are likely to present more immediate barriers to the use of TPMT testing, including reimburse-
ment arrangements, and perceptions of clinical utility.*** The evidence above suggests these are
particularly an issue in Germany and the Netherlands. Indeed these appear to be the very issues
that an active proponent of the test such as Prometheus could address through market-building
efforts focused on education of insurers and clinicians. Clearly their task is far from complete in
the US and there is clearly further room for more market growth.

Another suggested benefit of patenting is that licensing revenues could be reinvested by aca-
demic licensors, who are often not simply spending tax payers money (certainly in the US some
are not-for-profit but not necessarily funded by the state), but are reliant on other sources of in-
come to support their ongoing research efforts.

The notion that patents provide a platform for greater investment in sales and marketing, includ-
ing education, is important to consider in a field where technological adoption is generally ac-
cepted to be slow, but equally it is clear there are alternative powerful motivators for adoption
such as the development of clinical guidelines.

Other questions are also raised by this. Should the public sector rely on the private sector to ac-
celerate diffusion of novel technologies? What premium should be paid for such an accelerated
diffusion process? If another option is preferred by states that do not wish to promote the com-
mercialisation and monopolisation of diagnostic tests, how else is this to be achieved?

The answers to some of these questions undoubtedly lie with answers to questions such as how
much faster does the diffusion process proceed and is the intervention worth supporting. Unfortu-
nately, these are questions that often cannot be answered in the early stages of a technology’s
career. Even more than a decade after the introduction of TPMT testing and despite a host of
patents, much investment, and many research studies, there are still ongoing debates into the
tests’ appropriate usage.

124 Woelderink, A et al (2006) The current clinical practice of pharmacogenetic testing in Europe: TPMT and HER2 as
case studies. Pharmacogenomics J. 6: 3—-7
Framework Service Contract 150083-2005-02-BE (Ref SC 30)
Intellectual Property and Diagnostics: The Implications of Pharmacogenomics
Final report, Deliverable D3b
Page 56 of 138



Table 7:

Patents and patent applications related to diagnostics for Thiopurine S-methyltransferase (TPMT)
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V. HPV

4.1 Introduction

Whilst the policy debate about gene patents has focused primarily on applications in clinical
genetics, in particular the BRCA test, this is not the only area of molecular diagnostics to be
affected by the growth in biomarker IP. The field of infectious diseases has been affected by
patents as well (see WP2), in relation to Hepatitis C Virus, Human Immunodeficiency Virus
and Human Pappiloma Virus (HPV) The infectious disease market has been central to the
growth of the molecular diagnostics sector. The first FDA clearance for a clinical diagnostic
based on nucleic acid probe technology was granted to Gen-Probe Inc. in 1985, and in the
course of the next five years most of the other nucleic acid—based tests kits commercialised
were in the field of infectious diseases.® Infectious disease testing is commonly accepted to
have been the biggest growth area for molecular diagnostics in the last ten years and one
where there remains significant potential, particularly in terms of test volume. In general the
infectious disease market is one where patents have been exploited by companies producing
kits rather than companies producing LDTs, probably as a consequence of market size. HPV
testing for cervical cancer is very commercially attractive, since even as an adjunct to a cytol-
ogy test there is still a large market but if HPV is used in conjunction with cytology testing or
to replace it, then the potential is huge.

4.2 Biological background

The role of HPV in cervical cancer was established with the discovery of tumorigenic virus
type HPV 16 in 1983 by a team led by Professor Harald zur Hausen at the German Cancer
Research Center, in Heidelberg (a discovery for which he subsequently received a Nobel
Prize). Since then there has been significant progress in understanding of cervical carcinoge-
nesis and it is now generally accepted that HPV is an essential factor in the causation of the
disease. Genital human papillomavirus (HPV) is a common virus which is passed on through
genital contact. It is the primary cause of both cervical disease leading to cancer and actual
cervical cancer. The majority of sexually active men and women will acquire HPV at some
time in their lives, but in most cases they will not become aware of the virus. There are over
100 subtypes of HPV and most are harmless, usually causing no signs or symptoms. Howev-
er, while most HPV clears up within two years, if infection is persistent, it can lead to integra-
tion into the cellular genome causing inactivation of tumour suppresser genes, suppression of
apoptosis, genetic instability and the development of precancerous change. This process is
associated with a small number of high-risk HPV strains (such as HPV-16, HPV-18, HPV-31,
and HPV-45) and if left untreated, can eventually lead to cervical cancer?® (to a lesser degree
these HPV types are also associated with cancers of the vagina, vulvae, penis and anus).
However, presence of high-risk HPV strains does not always lead to cancer - women younger
than age 30 have a hinh rate of infection with high-risk HPV (15-46 percent), and most infec-
tions will be transient.™’

Early stage cervical cancer is characterized by pre-cancerous cells called cervical intraepi-
thelial neoplasia (CIN), and these are divided into “grades” of severity, graded CIN1+, CIN 2+
and CIN3+. Typically, cervical cancer is a slow-progressing disease and if the disease is

125 Schifreen, R (2000) Molecular diagnostics: The challenge for the future. IVD Technology Magazine Novem-
ber/December

126 Centers for Disease Control (2007) What Women Should Know Before They Get a Pap and HPV Test Accessed
onlne at : http://www.cdc.gov/std/hpv/icommon-clinicians/InsertPap.pdf

27 Goldie SJ; Kim JJ and Myers E (2006) Cost-effectiveness of cervical cancer screening. Vaccine 24S3, S3/164—
S3/170.
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caught early on whilst still at the cellular dysplasia phase then progression to cervical cancer

can be prevented.

Figure 2 Natural history of cervical cancer and implications for clinical management
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common among women of
reproductive age.

HPV infection can remain
stable, lead to dysplasia, or
become undetectable.

Management:

While genital warts
resulting from HPV
infection may be treated,
there is no treatment that
eradicates HPV.

Primary prevention
through use of condoms
offers some protection.

Low-grade Cervical
Dysplasia

Characteristics:
Low-grade dysplasia
usually is temporary and
disappears over time.
Some cases, however,
progress to high-grade
dysplasia.

It is not unusual for HPV
to cause low-grade

dysplasia within months or

years of infection.

Management:
Low-grade dysplasia
generally should be
monitored rather than
treated since most lesions

regress or do not progress.

High-grade Cervical
Dysplasia

Characteristics:
High-grade dysplasia, the
precursor to cervical
cancer, is significantly less
common than low-grade
dysplasia.

High-grade dysplasia can
progress from low-grade

dysplasia or, in some cases,

directly from HPV
infection.

Management:
High-grade dysplasia
should be treated, as a
significant proportion
progresses to cancer.

b

Invasive Cancer

Characteristics:
Women with high-grade
dysplasia are at risk of
developing invasive
cancer; this generally
occurs slowly, over a
period of several years.

Management:
Treatment of invasive
cancer is hospital-based,
expensive, and often not
effective.

Cervical carcinoma is the second most common form of cancer in women, and the third lead-
ing cause of cancer death in women worldwide. An estimated 555,100 new cases will occur
in the world during 2007 and an estimated 309,800 deaths are expected to occur in 2007.
Since the 1960s both incidence and mortality rates have dropped in many developed coun-
tries due to the introduction of screening and intervention programmes. Invasive cervical can-
cer is one of the most successfully treated cancers. The relative five-year survival rate for
cervical cancer patients diagnosed at localized stage in the United States is 92%."*° Treat-
ment options for pre-invasive lesions are electrocoagulation (the destruction of tissue through
intense heat by electric current), cryotherapy (the destruction of cells by extreme cold), laser
ablation, or local surgery. Invasive cervical cancers generally are treated by surgery, radia-
tion, or both, as well as chemotherapy in some cases.

The initial discovery of HPV 16 in 1983 by by Professor Harald zur Hausen and colleagues
was followed in 1984 by the same team cloning HPV 16 and HPV 18 from patients with cervi-
cal cancer. Further research was facilitated by the team’s decision to make these clones
freely available to the global scientific community. However, HPV has subsequently become
the subject of considerable patenting activity by academic researchers, diagnostic companies
and pharmaceutical firms.

4.3 HPV patents and key assignee exploitation strategies

Of our three case studies HPV is the one where the highest volume of patenting activity has
occurred, leading to what may be fairly termed a patent thicket due to the number of patents
and their potential overlaps. This has given rise to significant IP litigation in the United States,
primarily between rival diagnostic companies. Our research revealed 74 patent families held
in Europe and the US by both public sector institutions and life sciences companies. The
breadth of patents in part stems from the variety of HPV strains which can each be subject of
separate patents, but also from the different types of patent which might be granted. There
are three main forms of patents relating to HPV tests:

® Entire genome sequence for a strain of HPV
® Probes that find some or all of the strains
® Means of identifying a strain of HPV using a specific platform

28 This figure is drawn from Malloy, C et al (2000) HPV DNA Testing: Technical and Programmatic Issues for Cervic-

al Cancer Prevention in Low-Resource Settings (PATH)
129 American Cancer Society (2007) Global Cancer Facts and Figures 2007 (Atlanta, GA: ACS)
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HPV patenting began when the US company Life Technologies was granted three US patents
in 1989 and one in 1990 on HPV types 35, 44, 43 and 56 respectively. A single patent con-
taining related claims to the above was granted in Europe. These patents were re-assigned to
another US biotech company, Digene, when they acquired Life Technologies (these patents
have now reached the end of their full terms and have expired). In addition, Digene was
granted the US patent No. 5,116,734 in 1992 on a kit and a method for detecting peroxidase
bound to HPV nucleotides. This family also contains an application abandoned in Europe.
Additionally, Digene was granted an EPO and a US patent in 2000 and 2001 on a non-
radioactive hybridization assay (hybrid capture) and kit for detecting HPV and other infectious
agents. This is the technology which Digene uses in their commercial kits.

4.3.1 Key assignees and key claims for granted patents

Many of the most important HPV patents have been granted to academic research institu-
tions: Georgetown University in the United States and the Institut Pasteur in France. George-
town University was granted a US patent on the L1 gene sequence and its uses for detecting
various types of HPV in 1991, and a patent in this family was granted by the EPO in 1992.
The latter is now more than 20 years old and has expired. Georgetown University was also
granted an EPO and US patent on HPV DNA or RNA for HPV type 52 and methods in 1994
and 1997 respectively. The Institut Pasteur had a series of patents related to three patent
families granted from 1994 onwards in the US (6 patents) and Europe (4 patents). on the
DNA sequences of HPV types 2d, 5,6, 10, 28, 29, 31, 32, 39, 49, 50, 54, and 55, and frag-
ments of HPV genes E1, E6-E7, L 1 and L2. These patents were re-assigned to Roche Mo-
lecular Systems and Hoffmann La Roche (CH). Two of the European patents have now ex-
pired due to their filing dates being in 1985 and 1987.

Moreover, other assignees can be found in this field:

. Hoffmann La Roche Inc. (a US subsidiary of Hoffmann La Roche AG) and the Uni-
versity of Rochester (US) were granted the US patent No. 5,283,171 in 1994 (currently ex-
pired) and US patent No. 5,447,839. Cetus Corp. (a US company) originally was granted an
EPO patent in 1996 covering on detection of a wide number of HPV types by specified probes
(namely on types 5, 6, 8, 11, 16, 18, 26, 27, 30, 31, 33, 35, 39, 40, 41, 42, 43, 45, 47, 48, 51,
52, 53, 54, 55, 57, 58, and 59) and possibly others using consensus probes by polymerase
chain reaction (PCR). This patent was re-assigned to Hoffmann La Roche AG (Switzerland).
In 1997 and 1998, Roche Molecular Systems (a US company of the conglomerate Roche)
was granted two US patents, which were re-assigned to Hoffmann La Roche Inc.

. Stichting Researchfonds Pathologie (a Dutch foundation) was granted a US and EPO
patent in 1994 and 1996 on primers and process for detecting unspecified HPV genotypes by
PCR.

. BioMerieux (a French company) was granted an EPO patent in 1996 on a method for
detecting a nucleotide sequences from HPV types 6,11, 16 and 18 by sandwich hybridization.
. Abbott Laboratories (a US company) was granted an EPO and a US patent in 1998

and 1999 on the use of conserved oligonucleotide primers to amplify DNA sequences from
unspecified HPV types DNA sequences.

. Polartechnics (an Australian company) was granted two US patents on a method of
detection of carcinogenic HPV types 16, 18 and 33 and low risk HPV types 6 and 11 HPV in
1998 and 2001.

. Gene Pool (a US company) was granted a US patent in 1999 on a method for se-
quence-specific detection of nucleic acid hybrids using a DNA-binding molecule or assembly
capable of discriminating perfect hybrids from non-perfect hybrids. The example given was a
molecule that binds to unspecified HPV types. The Gene Pool filed an EPO application in
2007. In this patent family, one US application was abandoned (due to failure to respond to
an office action) but Gene Pool filed an EPO application in 2007.

. Columbia University (US) was granted a US patent in 1999 on detection of high on-
cogenic-risk HPV types 16, 18, 31, 33, 35, 39, 45, 56, 58 and 65 in high-grade cervical le-
sions and cancers by a PCR/ELISA assay. The PCT application filed in 1996 is still pending
and so GB, NL and DE patents have not yet been granted (if indeed this application has not
been abandoned).
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. Merck and Co. Inc. (a US company) was granted a US patent in 2005 and two EPO
patents in 2006 (similar US patent abandoned) covering nucleotide probes and method for
detecting HPV6, HPV11, HPV16 and HPV18.

. Bayer HealthCare LLC (a German company) was granted an EPO patent in 2006 on
a method, reagent and kit for genotyping of unspecified HPV types and HPV51.
. GenolD (a Hungarian company) was granted an EPO and a US patent in 2006 and

2007 on amplification-hybridisation method for detecting and typing HPV types 3, 4, 6, 7, 9,
10, 11, 12 13, 14, 16, 18, 20, 24, 26, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 39, 40, 41, 42, 44,
45, 51, 52, 53, 54, 55, 56, 58, 59, 60, 61, 66, 67, 68, 72, 74 and 77.

. Norchip (a Norwegian company) was granted an EPO patent in 2007 on method for
detecting HPV mRNA for HPV types 16, 18, 31, 33 and 45. Norchip filed a PCT application in
2003 which was withdrawn in EPO in 2006 and one US abandoned in the US (because of
failure to respond to an office action) and one still in prosecution. In this patent family, there
were two US applications (one was abandoned). Norchip filed also an EPO application in
2006 (still pending) and a US application in 2007 (still pending).

. Gen-Probe (a US company) was granted a US patent in 2008 on detection of nucleic
acids from m multiple types of HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and
68. Gen-Probe filed a PCT application in 2006.

. Hybridon (a US company) was granted an EPO patent in 2000 and a US patent in
2003 for a method of detection of HPV using oligonucleotides to hybridise to nucleic acid se-
quences from types 1, 19, 30, 31, 32, 33, 38, 50, 52, 53, and 56

. Quantovir AB (a Swedish) company was granted a US patent in 2001 for predicting
progression to cancer on the basis of viral load for HPV 16, 18 and 30-60.

. The Institut Curie (France) was granted a US patent in 2007 on a method of predict-
ing relapse of cancer patients with HPV types 16 and 18.

. The Penn State Research Foundation (US) was granted two US patents in 2003 (the
PCT application is still pending) and 2007 on further applications of HPV testing (e.g. cervical
dysplasia).

. Sung-Wook Yoon, Tae-Shin Park, Jeong-Mi Kim and Mi-Sun Park (South Korea)
were granted a US patent in 2007 for genotyping HPV.
. Marc Ramael (Belgium) was granted an EPO patent in 2008 for a method and kit to

detect the presence of HPV 16, HPV18, HPV 31, HPV 33, HPV 35, HPV 52 and HPV 58.

Our research revealed other assignees with patents mentioning HPV but whose patents are
not listed here as they are deemed irrelevant to diagnostics in this field. Apart from the pre-
sent patent assignees who have also filed applications, 49 relevant patent families have been
filed either in the USPTO, EPO or WIPO by a variety of applicants, including companies, aca-
demic institutions and public agencies. Among the patent applications, many of these are 38
applications still pending, which mainly protect methods. However, there exist nine patent ap-
plications which have been abandoned, seventeen withdrawn and one that was abandoned
without entering into the European phase. Apart from that, one patent application has been
rejected with no subsequent action, and another one has been appealed.

4.3.2 Exploitation strategies

One company dominates the HPV testing market: the US biotech Digene (established in 1985
and acquired by Qiagen in 2007). Crucial to Digene’s near-monopoly position has been the
successful exploitation of HPV patents (both its own and those it has licensed in on an
exclusive basis). The value of Digene’s IP is indicated by the fact that the company was
acquired by Qiagen in 2007 for $1.6 billion. Qiagen’s press release announcing the deal
made reference to Digene’s “leading IP positions in HPV".*** We will consider Digene’s
success by analysing its exploitation strategies through licensing/acquiring and enforcing its
IP; its research and development activities; and its promaotional efforts to build a market.

4.3.2.1 Licensing/acquisition of key IP

% OIAGEN and Digene Announce Merger 3 June 2007
http://www1.giagen.com/about/pressreleases/PressReleaseView.aspx?PressReleaselD=21
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Aside from Digene’s own IP the key patents in the HPV thicket are those which were first
granted between 1989 and 1997 to three organisations: the US company Life Technology, the
Institut Pasteur and Georgetown University. Digene acquired Life Technology in 1990 gaining

both its biomarker IP and the Hybrid Capture methodology platform. Digene also acquired
licenses for the Georgetown and the Institut Pasteur patents.

Georgetown University granted Digene an exclusive worldwide license to its HPV patents (it is
interesting to note that according to the company’s 1999 annual Dr Attila Lorincz, Vice Presi-
dent, Research and Development and Scientific Director and one of the founders of the com-
pany was an Adjunct Associate Professor in the Georgetown University Medical School De-
partment of Pathology). Details of the initial agreement are not known but in 2004 George-
town sued Digene alleging breaches of the royalty agreement and claiming it was entitled to
8% of product sales. The dispute was settled in 2005. Under the settlement, Digene made a
payment of $7.5 to Georgetown and will make royalty payments of 5-6% of future product
sales t(gstlhe university until July 1, 2014, for one patent, and Oct. 15, 2008, for the second
patent.

In 1990 Institut Pasteur granted a license to Life Technologies for U.S. Patent No. 4,849,331
titted Human Papillomavirus 44 Nucleic Acid Hybridization Probes and methods for Employing
the Same and U.S. Patent No. 4,849,332 for HPV 35 (again for probes and related methods).
Institut Pasteur also granted a license to Beckman Coulter. In 2000 Institute Pasteur and In-
serm granted Digene an exclusive worldwide license to its US patents for HPV68 and
HPV70."** However, Digene’s position in relation to these patents was somewhat weaked in
2002 when Roche acquired the entire HPV intellectual property estate of Institut Pasteur, in-
cluding cross license agreements such as those between Digene and Institut Pasteur.™

4.3.2.2 Enforcement of IP

Digene’s dominant patent position has been vigorously defended in the United States, where
there has been a series of suits relating to HPV patents. The earliest HPV patent litigation
would appear to be a suit brought by Life Technologies in December 1996, when they sued a
US competitor called Clontech Laboratories, Inc. for infringement of U.S. Patents Nos.
5,244,797 and 5,668,005."* Having acquired Life Technologies in 1990, Digene would ap-
pear to have inherited their willingness to litigate but have themselves been the subject of liti-
gation.

Chronology of Digene’s patent litigation

2001 Digene sues Ventana (and subsequently Beckman Coulter)
2002 Enzo Biochem sues Digene

2004 Georgetown University sues Digene

2005 Third Wave sues Digene

2006 Digene files against Roche (Gen-Probe joint the suit)

2007 Digene suesThird Wave

In 2001 Digene filed a suit against Ventana, claiming that their Inform test infringed Digene's
IP on HPV types 35 and 44. This litigation became further complicated in 2002 when Ventana
acquired Beckman Coulter's HPV business including a 1991 sub-license with Institut Pasteur
for HPV IP. This development led Digene to add Beckman as a co-defendant to its action,
claiming that the company had no right to assign its HPV business and intellectual property to
Ventana because the 1990 Cross-License Agreement with Institute Pasteur prohibited such a

31 Adler, N (2005) Digene, Georgetown University settle legal dispute Washington Business Journal July 14
http://washington.bizjournals.com/washington/stories/2005/07/11/daily34.html

¥ bigene. Digene exclusively licenses HPV-68 patent. Digene press release 26 April 2000

1% PR Newswire. Digene Announces Assignment by Institut Pasteur of Cross License. Accessed online at
http://www.ipfrontline.com/printtemplate.asp?id=593

13 United States Court Of Appeals For The Federal Circuit (2000) 99-1550 Life Technologies, Inc., V. Clontech
Laboratories, Inc. September
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sale. In July 2006 the International Center for Dispute Resolution arbitration panel ruled on
the Beckman suit and both parties have subsequently claimed victory. Beckman state that
their assignment of their Institut Pasteur licenses to Ventana has been judged lawful, whilst
Qiagen state that the panel upheld their “contractual rights relating to various HPV materials
and intellectual property” and ruled Beckman'’s “attempted assignment of certain HPV patent
rights to Ventana was impermissible.”** Digene's initial suit against Ventana was settled in
December 2007. As part of that settlement an undisclosed cash consideration was paid by
Ventana to Qiagen who acknowledged that Ventana had a lawful right to IP gained through its
purchase of Beckman. Ventana continue to sell HPV ASRs, however the company was ac-
quired 1b33é Roche in 2008, who have their own HPV tests which have been filed for FDA ap-
proval.

In December 2006 Digene filed with the International Centre for Dispute Resolution for bind-
ing arbitration against Roche for breaching its license agreement by entering into an alleged
Supply and Purchase agreement with Gen Probe. In 2005 Roche had agreed to sell DNA
probes to Gen Probe for use in its Aptima HPV test. Digene's suit echoes its dispute with
Beckman in alleging that Roche are sub-licensing products to Gen Probe. In April 2009 Gen-
Probe issued a press release stating that the ICDR panel had “issued an interim award that
dismisses with prejudice all of Qiagen's claims.”**” Roche are seeking FDA approval for two
HPV tests, both of which are available in Europe. Meanwhile Gen-Probe launched its HPV
test in Europe in May 2008 two months after starting a clinical study in the US which will pro-
vide data for the company to file for FDA approval some time in 2009."*®

In 2002 Digene was itself subject of a patent-infringement suit brought by Enzo Biochem over
a method for detecting infectious viruses. In 2004 Digene settled the for $16 million, plus
guaranteed royalty payments in future years."*

In October 2005 Digene, was again the subject of litigation in this case by Third Wave, a US
company developing a range of molecular diagnostics, including HPV ASRs. Although Third
Wave initiated the suit, they claimed that they had done so only in response to threats of liti-
gation from Digene. Third Wave contended that Digene has "alleged through its counsel that
Third Wave's products infringe Digene's [four] patents," and asked the court for a declaration
that the company has not infringed any of the four patents, and that the patents are invalid.**
A temporary halt to hostilities resulted was achieved in January 2006 when both companies
agreed not to sue each other for a year. A year late Digene sued Third Wave demanding that
the company was infringing Digene's US patent 5,643,715 (the Georgetown patent on HPV
strain 52). In March 2007 Third Wave countersued alleging that Digene has “abused its mo-
nopoly power to thwart competition”, and as a consequence, Third Wave stated they had thus
far gained less than 2 percent of the US HPV diagnostics market. Third Wave was acquired
by Hologic in 2008. Hologic are a medical imaging and diagnostics firm who also own Cytc
the company which produce the ThinPrep test which is the leading liquid based cytology test
for cervical cancer and whose technology allows labs to collect samples which can also be
used for HPV testing (Cytc had attempted to acquire Digene in 2002 but the move was
blocked by the US government).

135 Beckman Coulter. Beckman Coulter Announces Results on Arbitration With Digene Regarding 2002 Sale of Cer-

tain Assets to Ventana. Press release July 2006 http://phx.corporate-ir.net/phoenix.zhtml?c=64256&p=irol-
newsArticle&ID=889775&highlight= and Qiagen Financial Report 2007
http://www1.giagen.com/about/InvestorRelation/aboupdf/AR2007.pdf p58

% Orenstein, B. (2008) Roche finally acquires Ventana. IVD Technology April
http://www.devicelink.com/ivdt/archive/08/04/002.html

37 Gen-Probe. Gen-Probe, Roche Prevail in Arbitration With Digene Concerning Human Papillomavirus Agreement-
Press release 1 April 2009 http://www.gen-probe.com/news/PressReleaseText.asp?releaselD=1272322

%8 Gen-Probe. 2008 Annual Report p.5

189 Digene settles patent lawsuit for $30.5 million Baltimore Business Journal October 15, 2004

4% Facing thorny HPV/HCYV patent landscape, Third Wave decides the best defense is a good offense GenomeWeb
20 October 2005
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Commenting on the Third Wave/Digene litigation industry analyst Bruce Cranna said: “Digene
believes it has solid intellectual property rights concerning HPV subtypes 52, 58, and 68, but
most in the industry believe the other 10 strains are pretty much in the public domain or will
be shortly.” Third Wave CEO Kevin Conroy argued that: “Digene is not the exclusive owner of
the right to detect HPV subtype 52”.** On April 1 2009 the US Court of Appeals for the
Federal Circuit rejected both Third Wave's anti-trust suit and Qiagen’s claim for patent
infringement seemingly confirming Third Wave's view that Digene’s patent was sufficiently
narrow to be worked around.** The ruling came shortly after Hologic had gained FDA
approval for its two HPV tests (Third Wave’s HPV test was CE-marked for use in Europe in
December 2007 and is available through a series of European distributors). ***

It would appear that aside from Gen-Probe/Roche pursuing legal costs, there is now no out-
standing HPV patent litigation between Qiagen/Digene and any other party. Whether the
company becomes less litigious in the light of the ruling on its HPV 52 patent and the expira-
tion of some its other key patents remains to be seen. From a European perspective the most
striking aspect of this complex web of litigation is that it has taken place solely in the United
States. There is no evidence that Digene have brought legal action against any of the compa-
nies who are currently solely focused on the European market, such as Innogenetics, Nor-
Chip and mtm Laboratories.

Amongst our German interviewees one clinician mentioned not being aware of any patent on
HPV genes and thinking that current IPR could only consist of methods patent (EU CLINI-
CIAN). This person approved patents on methods as a spur for further developments but not
on genes, where it would be seen to hamper progress. Other respondents however were
aware of Digene’s patents on HPV sequences ( EU LAB1; EU LAB2). Our UK interviewee
was not aware of problems arising from Digene's patents and thought that the number of
companies developing rival tests indicated how competitive the field was becoming. (EU clini-
cian2). A German respondent also took the view that competition was growing, as he had wit-
nessed the development of a number of new assays from various companies but that compa-
nies needed to assess the current patent positions and potential licensing agreements before
moving to commercialisation.(EU LAB2). This interviewee expressed the view that companies
“talk to one another” and solve problems between themselves, and that these conflicts do not
affect patient and indeed laboratory access to test kits (EU LAB2). However, a German re-
search laboratory offering testing as a service mentioned that HPV sequence patents had
hindered the development of alternative HPV tests. Laboratories and a clinician were not able
to comment on this issue further than to say that in general they understand that patents play
a role in providing industry with the proper rewards for their development work (EU LAB1; EU
LAB2; EU CLINICIAN1).

Digene’s failure to litigate in Europe is not the only apparent indication of a targeted approach
to enforcement; its US litigation has all been against other kit makers despite the fact that, as
stated in its 2003 annual report, the company has been aware of the use of LDTs by some
US labs:

We are also aware that a significant number of laboratory organizations and other com-
panies are developing and using internally developed, or “home-brew,” human papillo-
mavirus tests. We are monitoring these activities.™**

However, one US interviewee had developed their own LDT for HPV genotyping and stated
that they had made this decision reluctantly because of anxiety about the possibility of being
sued for patent infringment “we did it, but they could come after us”. However, they also felt
that Digene were unlikely to target smaller labs: “We're small fish, they're not going to go after

141

The Emmes Group (2007) Diagnostic Testing & Healthcare Industry News Update May 21
http://dxma.org/UserFiles/NewsUpdates/may2lemmesupdate.pdf

2 GenomeWeb. Court of Appeals Sides with Qiagen in HPV Antitrust Case. April 01, 2009
http://www.genomeweb.com/print/914217?page=show

% Hologic. FDA approves two Hologic HPV tests. Hologic press release. http://www.hologic.com/ir/nr031309.htm
% Digene. 2003 Annual Report, accessed online at: http://www.getfilings.com/00000950133-03-003226.htm|
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us.” and neither were they aware of patent enforcement against the major commercial lab
who had also developed its own genotyping LDT (US Lab 1).

4.3.2.3 Building the clinical evidence base

Whilst we shall focus our discussion on Digene’s R&D activity, it should be noted that they
were not the only company helping to build the evidence base for the clinical relevance of
HPV. Roche’s linear array HPV test was provided free to researchers in the 1990s and one
interviewee stated that it had a major impact by helping to identify which strains of HPV are
associated with cancer (US kit maker). Nevertheless, given the apparent strength of Di-
gene’s patent position and their virtual monopoly on the US market since they launched
their test nine years ago, HPV would appear to be an excellent case study to consider
whether diagnostic companies will invest more money in developing the clinical evidence
base for a new test when they have greater certainty of a return on their investment.

Digene’s 1999 annual report states that between 1995 and 1997 the company’s R&D expend-
iture more than doubled from $1,856M to $4,131M and their 2003 annual report records R&D
expenditure of $8,120M, $9,265M and $10,262M for the fiscal years 2001, 2002 and 2003
respectively.* Some of this expenditure would have been spent on Digene’s other tests in
the STD market and some would have been used for technical improvements to the HPV as-
say, but it seems likely that a significant proportion was invested in developing the clinical
evidence base for the HPV test. In 2003 the company stated that:

We have participated in human papillomavirus clinical trials involving an aggregate of
approximately 90,000 women on four continents for which the final results are being
prepared for publication. These studies have been conducted by prominent medical pro-
fessionals and academic and government institutions throughout the world. A majority of
the studies were designed to assess the usefulness of our HPV Test in comparison to
the Pap test for women age 30 and over.'*®

As table 8 demonstrates, this process of collaboration involved partnerships with research
charities, government departments, universities and public research institutes in North Ameri-
ca, Latin America, Europe and China. Digene’s contribution to these clinical studies varied: in
some cases it took the form of research funding; in others the company provided their assay
either at a heavy discount or free of charge. It would also have taken the form of providing
expertise. For instance, Digene’s Chief Scientific Officer Dr Attilla Lorincz who was one of the
founders of the company, has played a leading role in elucidating the natural history of HPV
infection having cloned and characterised several clinically important HPV types. He is the
inventor on many of the key patents held by Digene and is a co-author on many of the scien-
tific papers which have helped to build the evidence base for use of HPV testing.

One of Digene’s early collaborations was with the managed care organisation Kaiser Perma-
nente. They collaborated on a clinical trial in 1995-96 to illustrate the utility of the Digene test
in triaging equivocal Pap smears. This study was jointly funded by the Kaiser Permanente
Innovations Program and by grants, technical support, reagents, supplies, and equipment
from Cytyc and Digene.™*’ The clinical utility of this triage application was then investigated
further in a far larger study funded by the National Cancer Institute - the 1996/98 ASCUS/LSIL
Triage Study (ALTS trial). In this case Digene are listed as one of several companies who
provided supplies or equipment at no cost or reduced cost. The completion of the ALTS trial
was swiftly followed in 1999 by FDA approval for Digene’s HPV test for testing women with
abnormal Pap test results to determine whether they needed to be referred for further exami-
nation. The ALTS trial is also seen as the pivotal study which provided the basis for the de-

145

Digene. 1999 Annual report; 2003 Annual Report, accessed online at: http://www.getfilings.com/00000950133-03-
003226.html
146 Digene. 2003 Annual Report, accessed online at: http://www.getfilings.com/00000950133-03-003226.html

M. Michele Manos; Walter K. Kinney; Leo B. Hurley; et al. (1999) Identifying women with cervical neoplasia: using
Human Papillomavirus DNA testing for equivocal Papanicolaou results JAMA 281(17):1605-1610
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velopment of guidelines by ACOG and ACSSP and its importance was attested to by our US
interviewees: “It validated the performance of the test in predicting CIN 3. It was such a wide-

spread study and the recommendations based on that through ACSSP pretty much directed
the growth of that test.”(US LAB 2)

Table 8 HPV clinical trials in which Digene was a participant in late 1990s

Country Lead Investigator Trial description Size Completion date
United States National Cancer Institute ALTS Borderline Pap | 7, 000 Completed
Trial
Canada Newfoundland Department HPV Primary 3,000 Completed
of Health Screening
Mexico Johns Hopkins; Mexican HPV Primary 7,500 December 1999
Government Screening
Netherlands Free University of Amster- HPV Primary 40,000 December 2001
dam Screening
United King- Imperial Cancer Research HPV Primary 10,000 December 2000
dom Fund Screening
Germany University of Tubingen HPV Primary 8,000 June 2000
Screening
Russia University of Turku, Finland | HPV Primary 12,000 December 2001
Screening
Brazil University of Rio Grande do | HPV Primary 2,000 December 2000
Sul Screening
Argentina Institut Papincolau HPV Primary 1,000 Completed
Screening
Costa Rica National Cancer Institute HPV Primary 10,000 Completed
Screening
China Cleveland Clinic Foundation | HPV Primary 2,500 November 1999
Screening

Source: Digene Annual Report 1999

Its use for triage of ASCUS cases was the low-hanging fruit of HPV testing. It exploited the
chief weakness of pap testing, without challenging its status as the gold standard. However,
this triage indication gave Digene only a small part of the cervical screening market. Digene
then moved on to trials focused on demonstrating the utility of HPV testing as a routine ad-
junctive screen alongside the pap test. In 2003 Digene gained FDA approval for this new indi-
cation, allowing the test to be used for primary screening in conjunction with the Pap test, in
women over age 30. However, even as Digene was pursuing this broader indication, it was
funding trials which came to more radical conclusions. One such study was the HART trial in
the UK, funded by Digene and led by Professor Jack Cuzick at the Imperial Cancer Research
Fund. The study’s findings were published in a 2003 Lancet paper where the authors argued
that Digene’s test could be used as a primary screen with pap testing as the follow-up for

women testing positive.

148

The US kitmaker we interviewed suggested that this market was

the one that other companies were interested in: “All the players in the market are betting on
the transition to a model where all women get the [HPV] test. This would increase the size of
the market by ten fold.” (US kitmaker). This approach has yet to be officially endorsed in
guidelines, nor would it appear that Digene have sought FDA approval for this as an indica-
tion/intended use. Leading figures in the research community are calling for large-scale clini-

148

Cuzick J et al. (2003) Management of women who test positive for high-risk types of human papillomavirus: the

HART study. Lancet 362:1871-6.
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cal trials to test its effectiveness,'*® and Digene have stated that in certain countries they are
marketing their test “as a primary cervical screen, either in conjunction with, or separate from,
the Pap smear.” This approach has been endorsed by the World Health Organisation, be-
cause many developing countries lack the infrastructure to establish a cytology programme.™
Digene are now collaborating with PATH on a kit specifically for this market.

0

Crucial factors in the diffusion of the test and rapid growth in usage has been availability of an
FDA-approved kit with a significant amount of clinical data to support its use. A US kitmaker
tied the evidence base to Digene’s IP position: “Digene used their patent position to keep oth-
ers from entering the market. This was an incentive to spend millions on postmarket studies
and improve their assays.” (US kitmaker). This evidence base is closely tied to the use of the
Digene kit as it was their test which was used in key studies like the ALTS trial. One US inter-
viewee saw this as Digene's key competitive advantage: “The next test won't have that scale
of validation — a multi-institution, blinded, three-armed approach to clinical validation — that is
their biggest advantage. The ALTS trial and ACSSP guidelines defined how to use HPV, if
you are the test which defined it, that's going to be a hard act to follow.” (US Lab2) One inter-
viewee described Digene’s role in studies such as the ALTS trial in negative terms: “essential-
ly they were in bed with the people who were doing the study” (US Lab1l)

In this regard it should be noted that the process of FDA approval has also set a benchmark
which other companies must follow, at least in the US, where it is now broadly accepted that
tests must have FDA approval to have any credibility. This argument was set out in the
ACSSP guidelines: “[The] bar has been raised for bringing forward newer HPV diagnostics ...
Any new test must document its performance relative to this standard”*** and reiterated in the 2006
guidelines:

These Guidelines expand clinical indications for HPV testing based on studies using
validated HPV assays. One cannot assume that management decisions that are based
on results of HPV tests that have not been similarly validated will result in the outcomes
that are intended by these guidelines. Furthermore the application of these guidelines
using such [unvalidated] tests may increase the potential for patient harm. The appropri-
ate use of these guidelines requires laboratories utilize only HPV tests that have been
analytically and clinically validated with proven acceptable reproducibility, clinical sensi-
tivity, specificity and positive and negative predictive values for cervical cancer and veri-
fied precancer (CIN [cervical intraepithelial neoplasia] 2,3), as documented by U.S. Food
and Drug Administration (FDA) approval and/or publication in peer-reviewed scientific
literature."*

The US kitmaker we interviewed indicated the twin advantage offered by FDA approval, act-
ing not only as a external validation of their test but creating a barrier to market entry: “Digene
set the bar very high and FDA have kept it high.” (US kitmaker). This interviewee suggested
that FDA was asking all companies to do 10,000 patient trials, although it would appear that
Third Wave/Hologic’'s Cerista HPV/HR test gained approval based on a trial involving ap-
proximately 4,000 women and Gen-Probe have indicated that their US clinical trials will seek
to enrol approximately 7,000 women.**?

Controversy about the use of tests which have not been approved by FDA, either using ASRs
produced by rival kitmakers or LDTs, was raised in an article in CAP Today in 2005. The arti-

%% Cox, T and Cuzick, J (2006) HPV DNA testing in cervical cancer screening: From evidence to policies. Gyneco-

logic Oncology 103: 8-11

30 1ARC, WHO, IARC Handbooks of Cancer Prevention: Volume 10, Cervical Cancer Screening (Lyon, France: IARC
Press, 2005).

51 Wright, T et al. (2002) 2001 Consensus guidelines for the management of women with cervical cytological ab-
normalities JAMA. 287(16):2120-2129

%2 Wright, T et al. (2007) 2006 Consensus guidelines for the management of women with abnormal cervical cancer
screening tests. American Journal of Obstetrics & Gynecology October: 346-355

158 Hologic. FDA approves two Hologic HPV tests. Hologic press release, 13 March 2009. Gen-Probe. October 2008
Quarterly Report. Accessed online at http://biz.yahoo.com/e/081031/gpro10-g.html
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cle was prompted by complaints by Dr Marc Schiffman, the National Cancer Institute’s leading
expert on HPV testing, who stated: "I do not want to see decades of careful research less-
ened in their impact by sloppy application or sloppy thinking. If a well-meaning laboratory ap-
plies an HPV test that doesn’t work right, then a beneficial technology has just been made
malignant.” Also commenting on the issue was Dr Atilla Lorincz, Digene’s CSO: "We spent
tens of millions of dollars validating this test. For someone to come along and run 70 or 80
patients verges on the insult to everybody." He suggested that proper validation could cost
from a few hundred thousand dollars to perhaps a few million dollars, and argued that since
cervical screening was not an esoteric test then the scale of use justified a high hurdle, both
because of the revenue which testing generates and the potential for harm from poorly-
validated tests.'> The company’s position was reiterated in a 2006 commentary in the indus-
try magazine IVD Technology, where Lorincz and Mark del Vechio, VP of regulatory and clini-
cal affairs, criticised both the lack of regulation of LDTs in the US and the generally lax regula-
tory regime in the European Union. The company advocated a more consistent approach to
regulation to support those companies who are committed to rigorous scientific validation of
their products:

... some industry members have made significant efforts to demonstrate and improve
the value of diagnostics. Of particular concern is the inconsistent worldwide patchwork of
regulations that seems inadequate to ensure the overall reliability and accuracy of test
results as more tests are developed, and to foster a clear understanding of the clinical
value of the results.® Such confusion allows test results to be provided unknowingly to
patients through their doctors, even though their performance and clinical usefulness

have not been extensively evaluated. 15°

Again they focused particular attention on the lack of FDA approval for LDTSs:

Since the clinical performance and utility of home brews are not subject to a level of sci-
entific rigor as stringent as that which FDA applies to tests developed by IVD manufac-
turers, the true clinical value and consistent performance of many home brews remain
unproven.**®

It would appear then that Digene/Qiagen have adopted a dual strategy for building and pro-
tecting their near-monopoly status in the HPV market. In the US they have sued kitmakers for
patent infringement but in relation to LDTs and companies marketing only in Europe, their
approach has been to question the quality of scientific and clinical validation supporting the
tests, pointing to their FDA approval as definitive external validation of the quality of their test.
This emphasis on the need to use tests which have been FDA approved or whose validation
has been subject to the peer-review process is in stark contrast to the widespread use of
LDTs by the clinical genetics community (as illustrated by our Factor V Leiden case study).

4.3.2.4 Creating a market — promotional activities

Digene has driven market uptake with a major investment in sales and marketing, particularly
in the US. Their 2006 annual report describes five strands to these promotional efforts:

1. gaining support of governmental agencies, medical societies and physician groups
regarding the efficacy of HPV testing
2. working with laboratory partners to market the test to physicians and payors.

% Titus, K (2005) Making a valid point about HPV tests. CAP Today September: 76-82.

%% | orincz, A and del Vecchio, M (2006) Ensuring accurate diagnoses: Challenges from the manufacturing floor to
the exam room IVD Technology July

%8 | orincz, A and del Vecchio, M (2006) Ensuring accurate diagnoses: Challenges from the manufacturing floor to
the exam room IVD Technology July
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3. physician education programs, which are driven by our physician detailing organiza-
tion and third-party organizations, working independently, to educate physicians and
women about the proper use of the combined tests.

4. establishing comprehensive health insurance reimbursement for their tests

5. partnering with women’s advocacg/ groups, and use of direct-to-consumer awareness
campaigns to educate the public*’

What is innovative about their approach is who they have targeted. The traditional marketing
route for diagnostics has been to enroll the support of laboratory directors who would then
promote the test to physicians. In the US this might also involve gaining the support of the
major national reference laboratories, each of whom has their own sales force. Digene have
not eschewed this traditional approach, but they have supplemented it with other techniques,
in particular a sales force who work directly with physicians and the use of direct-to-consumer
marketing. One US interviewee suggested that Digene’s promotional strategy followed a
model established by Cytc, makers of a Liquid Based Cytology test: “Cytc went directly to
doctors and patients, we saw things in women’s magazines and ... they sent their sales force
to ordering phsysicians. So Cytc drover that and then HPV fell right into that mode.” (US Lab
2). Digene’s PR campaigns have resulted in favourable editorial coverage for the test and the
company also embarked on a major direct-to-consumer advertising campaign. The use of
consumer advertising echoes activity by Myriad Genetics in promoting the BRCA test. DTC
marketing in the media was supported by the use of branded educational websites such as
Thehpvtest.com and Puttingwomenshealthfirst.org.**® Digene have sought to enlist third par-
ties such as the American Cancer Society and the Gynecologic Cancer Foundation and have
provided grants to support the campaigns of nongovernmental organisations.™® In our Euro-
pean interviews laboratory directors and a clinician mentioned that the commercialisation
strategy could be considered successful (EU LAB1; EU LAB2; EU CLINICIAN). They also
considered the work done to raise awareness about cervical cancer for women as an addi-
tional indication of this but concerns were expressed that the test is still underutilized

and many respondents mentioned that more efforts should be done to encourage its diffusion
(EU -LAB1; EU LAB2).

Whilst this activity can be seen as legitimate awareness building for a useful new test, some
of our interviewees expressed concerns about Digene’s promotional activities: one described
the company's approach as “very aggressive” (US Lab 1), another stated that it was a major
factor in inappropriate use of the low risk test which has no clinical utility: “the sales people
are directly marketing to patients, so the patient comes in to the doctor and says 'l want this
test', and the then doctor is in a void of education, so the doctor turns to the sales people who
say 'Order this test — both of them ... you're not doing any harm, you can do it all off one vial.”
(US Lab2). Concerns were less apparent amongst European interviewees although one de-
scribed Digene as “very, very pushy, especially in the United States” (UK clinician). However,
this interviewee also suggested that the company had realised that such an approach was not
going to facilitate adoption of the test in the UK. There has also been some public controversy
surrounding the activities of a group called European Women for HPV Testing who have ad-
vocated use of HPV testing as a primary screening tool in all EU member states. In the UK
The Observer newspaper reported in 2004 that the organisation had been established by Di-
gene’s PR consultancy Burston-Marsteller.*®® The UK branch of this group had begun lobby-
ing for use of the test as early as 1999 and some British screening experts have argued that
this advocacy was premature, since at the time evidence suggested that, in the context of the
UK screening programme, use of Digene’s test would have had no positive impact on mortali-
ty rgtesléalnd would have led to an increase in the number of women harmed through over de-
tection.

157

Digene. 2006 Annual Report.

158 Bersch, C (2003) Digene’s chairman/CEO Evan Jones discusses disease-specific molecular diagnostic tests,
women'’s health issues and consumer health advocacy. Medical Laboratory Observer July

1% Bersch, C (2003) Digene’s chairman/CEO Evan Jones discusses disease-specific molecular diagnostic tests,
women'’s health issues and consumer health advocacy. Medical Laboratory Observer July

150 Barnett, A (2004) Revealed: how stars were hijacked to boost health company's profits. The Observer 25 January
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4.4  HPV test availability and usage

HPV testing has now become a standard of care in the US and is widely available in the
Germany and Netherlands. Use of the test in the UK is far more limited where a large-scale
evaluation of its potentially utility in the national cervical cancer screening programme is just
being completed. The dominant test in use is the Digene Hybrid Capture kit, but others are
available. (see table 9)

Table 9 HPV test kits in US and Europe

Manufacturer Test name Method Market availability
Access Genetics* US only?
Autogenomics INFINITI HPV PCR US? (Research Use Only)
Genotyping
DakoCytomation GenPoint HPV Probe ISH Europe
Digene (now Qiagen) HC2 HR and LR Hybrid Capture US/Europe
HC2 HPV HR
HC2 DNA with Pap
CareHPV Will be used in developing countries
Gen-Probe Aptimer mRna Europe
GenolD Reveal HPV PCR Europe
Full Spectrum HPV PCR
Greiner Bio-One PappiloCheck PCR Europe
Innogenetics INNO-LiPA PCR Europe
Kreatech Rembrandt ISH Europe / US (through Zymed)**
Roche Amplicor PCR Europe
Linear Array
Third Wave/Hologic Cerista HPV HR Signal amplification Europe/US
Cerista HPV 16/18
Sensigen AttoSense HPV Assay Viral load US (Research Use Only)
Ventana (now acquired by  Inform ISH us

Roche)

*Access Genetics have a business model which they describe as a service, however, FDA have indi-
cated to the company that they consider them to be selling medical devices (although it would appear
that this has not led to the withdrawal of their products neither have the company sought FDA approval)
** This product would appear to be Research Use Only and it is not clear whether Kreatech are still op-
erating.

4.4.1 HPV test availability and usage in the United States

The first HPV test kit to gain FDA approval was Life Technologies Virapap test in 1988. How-
ever, it is unclear whether there was significant uptake of this test. One leading US lab direc-
tor we interviewed indicated no awareness of the Virapap test, suggesting that the absence of
an FDA approved test meant that people were reluctant to use HPV testing in the 1990s (US
Lab 2). This interviewee stated that prior to the approval of the Digene test in 1999 HPV test-
ing was being used “quite haphazardly” and was only available from a small number of labs
producing their own LDTSs.

Availability and usage of HPV testing has grown rapidly in the United States since Digene
launched their test in 2000. Most insurance companies now cover HPV testing. A number of
states (California, Maryland, New Mexico, North Carolina, Texas and West Virginia) mandate
private health insurers to cover HPV testing as recommended by clinical guidelines. Most
states also cover HPV testing through their Medicaid programs. Industry figures suggest that
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more than 10 million HPV tests are performed annually in the US, and the market for testing
has been growing by 40 percent in each of the past five years. A recent CAP study found that
all the labs in its survey offered the test compare with only 80% in 2003. However, not all
these labs actually perform the test — 73% of cytology labs send their samples to larger refer-
ence labs.*®

As noted in the previous section, Digene has enjoyed a near-monopoly in the United States
since FDA approval of its test in 2000. However, there are alternatives to the Digene test in
the US (see table above). Recent research comparing HPV testing trends in cytology labs
between 2003 and 2006 reveals increasing use of non-Digene tests (19.1% labs in 2006, up
from 12.8% in 2003)."* For those labs who wish to use an alternative to the Digene test there
are various options. Both Ventana and Third Wave sell Analyte Specific Reagents for HPV
tests (TW’s ASRs are now presumably to be discontinued since they gained FDA approval for
their kits in March 2009). As noted earlier Third Wave state that they have about two per cent
of the US market whilst the CAP 2006 survey suggest that eight per cent of labs are using
Ventana's ISH test. Alternatively labs can produce their own test.

Whilst the ACOG/ACSSP guidelines have been seen as critical in driving uptake, recent re-
search suggests that many physicians and labs fail to follow the guidelines. A 2006 CAP sur-
vey showed that 45% of labs provide testing for low-risk HPV strains despite no endorsement
for this by the established guidelines. One US lab director interviewed commented on this
stating that “there are a lot of wasted resources spent of a kind of worthless test”. (US Lab 2)
This interviewee also indicated that their lab continues to receive requests from doctors and
nurse practitioners for HPV testing in women under 30 where it is not indicated and that doc-
tors are not following the recommended protocol for patients over 30 who test negative for
both the pap and HPV test. Guidelines state that the purpose of performing both tests togeth-
er in this age group is to lengthen the time between repeat tests from one year (current US
practice) to three years, but many continue to test their patients every year: “many physicians
don't want to lose their patients over those three years, so they will have them come in every
year, you know to do the mammogram, colonoscopy or whatever, but they'll continue to do
the pap and HPV test, when the only reason to do the HPV test as a co-test in that age group
is to lengthen the interval of screening.” (US Lab 2)

However, alongside this evidence of inappropriate or over-utilisation, there is also evidence of
under-utilisation. It is estimated that the U.S. market for HPV testing still has considerable
potential for growth having only reached 28 percent penetration.'® The 2006 CAP survey re-
vealed that only 25 percent of labs offer combined Pap plus HPV testing for women over 30.
Dr Nicholas Nolte, a US lab director with a keen interested in HPV testing stated in 2007 that
clinicians in his own institution had not changed their screening practices in the light of rec-
ommendations for use of HPV as a primary screen and CDC HPV expert Elizabeth Unger
predicted that many clinicians still feel most comfortable with Pap testing: “There are still
people out there looking for a Pap test with increased sensitivity."*®°

According to one lab director the price they charge for testing varies depending on the rate
negotiated by different insurance companies but generally ranges from $40 to $70, although it
might be as high as $100 in the case of direct billing. They also commented that the test is
fairly expensive to perform, but that Digene’s monopoly position was not the primary reason:

Well obviously without competition they're definitely going to be the most expensive on
the block, | think what makes it expensive, though, is the labour. You need a skilled per-

162 Moriarty AT et al. (2008) Human papillomavirus testing and reporting rates: practices of participants in the College

of American Pathologists’ Interlaboratory Comparison Program in Gynecologic Cytology in 2006. Arch Pathol Lab
Med. 132: 1290-1294

163 Moriarty AT et al. (2008) Human papillomavirus testing and reporting rates: practices of participants in the College
of American Pathologists’ Interlaboratory Comparison Program in Gynecologic Cytology in 2006. Arch Pathol Lab
Med. 132: 1290-1294
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son, so it can be a seven-hour test for 80 samples, so the more automated it becomes,
the cheaper it will be for labs to do.

None of our US interviewees felt that price was affecting patient access, but there was con-
cern about lack of access to alternatives to the HC2 test, in particular a desire for FDA-
approved genotyping tests. This is a concern that has also been expressed by others: "The
lack of multiple, competitive, well-validated tests" for HPV assay is quoted as being "a prob-
lem" in formulating new guidelines in management of cervical abnormalities.”®

4.4.2 HPV test availability and usage in Europe

As noted earlier, there is a greater range of tests available on the European market than there
are in the United States. This is not the only difference between the two markets. Digene en-
tered the European market in 1997, three years earlier than it launched in the US but has still
to gain widespread adoption in key markets such as the UK. In their 2006 annual report Di-
gene stated that the European market presents them with a number of challenges including:
1. the lack of clinical guidelines and/or government public funding for HPV primary
screening;
2. strong resistance from some current participants in the pathology, cytology and
gynecology infrastructure to HPV testing;
3. limited reimbursement in certain countries; and
4. competition from emerging, non-validated technologies.®’

4.4.2.1 Germany

Although other assays are emerging, the main tests for HPV available in Germany are Di-
gene’s Hybrid Capture 2 test and Roche’s Amplicor HPV Test and Linear Array HPV Geno-
typing Test (the Amplicor test has been available in Europe since 2004). The recent Deutsche
Gesellschatft fir Gynékologie und Geburtshilfe e.V. (German Society for Gynaecology and
Obstetrics) guideline on cervical cancer and HPV mentions both the Hybrid Cycle 2 and PCR
genetic tests, as well as the cytological test. The society recommends genetic HPV testing for
abnormal reports following the primary cytological screening for women of up to 30 years old.
It considers the HC2 and PCR to have significantly higher sensitivity, although worse speci-
ficity then the cytological test. The guideline further provides a standard procedure for com-
bining both cytology and HPV testing, monitoring developments over up to 12 months in a
case of an initial abnormal cytology report through screening. In general, the guideline seems
to favour HC2 testing over PCR tools (DGGG et al., 2008). The DGGG's guideline represents
the most up-to-date position (March 2008) of the society on HPV testing. A previous guideline
from this society was developed in collaboration with the Deutsche Krebsgesellschaft e.V.
(German Cancer Society) and also mentioned DNA testing options (DKG and DGGG, 2004).
Finally, a guideline on HPV from the Deutsche Gesellschaft fir Urologie (German Society for
Urology) also mentions HPV testing (DGU, 2001).

Digene’s hybrid capture 2 test was the first HPV test to enter the German market, and a res-
pondent mentioned that its introduction took place between 1996 and 2000 (EU LAB2). It is
also perceived as the most highly used assay in Germany, as well as being a “global assay”
that is being used in most published studies. The PCR tests were felt to be less used (EU
LAB2). In 2006 Digene announced that Deutsche BKK, a major public-health insurance pro-
vider in central Germany, in partnership with the local gynecologists' association and a re-
gional hospital was to launch Europe's first cervical cancer screening program using routine
HPV testing.*®

166 Stoler, M et al (2007) The expanded use of HPV Testing in gynecologic practice per ASCCP-guided manage-
ment requires the use of well-validated assays American Jounal of Clinical Pathology December

7 Digene. 2006 Annual Report.
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In Germany public insurers will reimburse for use of the test with an abnormal Pap test, and a
small number of patients also pay for the DNA test themselves. One commercial laboratory
issued between 5,000 and 10,000 reports for HPV a year (EU LAB2) and the other 2,000 re-
ports a year, although this was its only testing activities (EU LAB1). German interviewees felt
that HPV tests are now widely used, but that they were still behind cytological tests in use,
and several respondents commented that more efforts should be done to encourage its diffu-
sion (EU -LAB1; EU LAB2). As will be seen below, there currently appears to be a conflict
between gynaecologists and geneticists on which test to use. In one case, this led a respon-
dent to consider HPV testing as being only partially accepted (EU LABL).

Roche’s genotyping assay was used by one laboratory, but only as a follow-up to the Digene
test in cases where they felt that genotyping might be helpful. This was not done very often,
and it was considered to be an expensive test to perform (EU -LAB2). Interviewees stated
that the Pap smear cytology test was has a much lower sensitivity. Pap smears were still con-
sidered more widely used in Germany, despite one’s respondent opinion that there are known
deficiencies in the area of cytology in the country. Laboratory directors interviewed stated that
gynaecologists limit their referral of patients to HPV testing in order to protect the income
coming from their cytological testing activities (EU LAB1; EU -LAB2). This observation would
seem to support Digene’s contention that uptake of HPV testing in Europe is inhibited by en-
trenched interests of certain professional groups (see above)

Costs for performing the tests for the labs varied from 40€ to much above 66€ (using different
kits). In the first case, reimbursement from insurers in cases with an abnormal cytology was
20€ (EU -LAB1; EU Lab2).

4.4.2.2 Netherlands

HPV genetic testing for research has been in use in the Netherlands and its use in clinical
practice has become more frequent in the last five years. Clinical guidelines for use of HPV
testing were established by the Dutch Organisation of Clinical Pathology, the Dutch Organisa-
tion of General Practitioners and the Dutch Society of Gynaecologists in 2006-2007. Patients
are always reimbursed for HPV testing if the protocol is followed. Patients are not involved in
the decision to access the test. It is the clinician who makes the decision.

There are a number of tests available, both LDTs and test kits. There is widespread use of
the Digene test but interviewees indicated interest in genotyping technologies as well.

4.4.2.3 United Kingdom

The UK is the only country in our sample which has not adopted HPV testing on a wide scale.
There would not appear to be any clinical guidelines from professional groups in the UK re-
garding the use of HPV testing, suggesting that clinicians and pathologists accept that adop-
tion of HPV testing cannot be ad hoc or opportunistic but has to come through changes to the
UK Cervical Screening Programme (UKCSP) is a decision for the National Screening Com-
mittee. This is certainly the implication of the 2006 scientific statement on cervical cancer
screening published by the Royal College of Gynaecologists which states that “The UKCSP
necessitates a degree of conservatism, as any change requires to be solidly evidence based
and to be implemented nationally, which therefore, involves considerable upheaval.” Howev-
er, the statement suggests that it is likely that HPV testing for borderline cytology would be a
useful addition to the current national screening programme and that its potential in primary
screening should become clearer as the findings from a number of large randomized trials in
a number of European countries is published." o

As early as 1999 an HTA report had indicated the potential of HPV testing and the National
Screening Committee requested further evidence. Since then a series of studies have been
conducted to evaluate use of HPV testing within the NHS Cervical Screening Programme.
The TOMBOLA study began in 1999 and was a seven year multi-centre trial to determine the
most appropriate way to deal with HPV positive results and associated psychological issues.

%% Royal College of Obstetricians and Gynaecologists (2006) Progress in cervical cancer screening. SAC Opinion

paper 7 June
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The ARTISTIC study began in 2001 and is a randomised trial of HPV testing in primary cer-
vical screening and involves 25,000 women aged 20-64 who are attending general practices
for routine cervical screening. The study aims to:

® provide clear evidence on the costs, medical effects and psychosocial impact of
adding HPYV testing to cervical cytology

® provide an estimate of the effectiveness and costs of HPV as a stand-alone test

e determine the contribution of HPV detection to the cervical screening programme,
particularly to sensitivity, specificity and inadequate smears

® address methodological issues in HPV testing

Separate screening pilots are being conducted to evaluate the use of HPV testing for triage of
abnormal LBC results and for test of cure. Results from these pilots are likely to available in
late 2009, results from the ARTISTIC trial are expected earlier in 2009. All these studies have
been conducted using the Digene test. In the meantime the major development in the UK's
cervical cancer screening programme in recent years has been the move to liquid-based cy-
tology in place of the traditional Pap test. Adoption of LBC has facilitated the piloting of HPV
testing and our UK interviewee considered it probable that the use HPV for triaging and test of
cure will be adopted in the NHS. Its future use as an adjunctive primary screening test seems
less certain. An alternative option which our interviewee suggested might be more likely is the
replacement of LBC testing with HPV testing, although such a dramatic shift would require
very good evidence for increased detection rates and greater cost-effectiveness. Our inter-
viewee did not consider that cost would prohibit the use of HPV testing, as the potential value
of a national contract would allow the NHS to negotiate a competitive price for the test.

Whilst there has been no adoption within the NHS, HPV testing is available outside the NHS
as part of a general health screen for women offered by the private healthcare provider BMI
and through a number of private labs.'”® In some cases it is not clear which tests are being
offered by these labs, although one offers both genotyping and mRNA testing (believed to be
done with the NorChip test). Another private lab eschews HPV testing but offers TriPath's
ProEx test.

4.5 The clinical utility and cost-effectiveness of HPV testing
4.5.1 Cytology screening

Screening for cervical cancer has traditionally been based on cytological techniques. Cytolog-
ical screening has had a major impact on lowering cervical cancer rates in many countries,
indeed a recent review article describes it as “the most effective screening test for cancer that
has ever been devised.””* The RCOG state that in the UK the move to a systematic national
screening programme in 1988 has had significant benefits:

The programme has had a dramatic effect, with a falling incidence of death from cervical
cancer: the death rate is now just 50% of what it was in 1988. It is estimated that 2,000
lives a year are saved, many in young women. The annual expenditure of £130 million
consumed by the NHSCSP is viewed as highly cost effective. Similar falls in death rates
have been seen in Finland, Iceland and the USA.

These cytology-based screening programmes have two main weaknesses. The first is the
failure to recruit all women — 50% of cervical cancers diagnosed in the US involve women
who have never been screened, another 10% involve women who have not been screened
for at least five years.'”? The second weakness is in the cytological techniques used. The Pap

1 BMI website. Health Assessment. Accessed online at http://www.bmihealthcare.co.uk/health-
screening/general_investigations#Cervical

'™ Dehn, D et al (2007) Human papillomavirus testing and molecular markers of cervical dysplasia and carcinoma.
Cancer 111(1):1-14.

2 3aslow, D et al (2002) American Cancer Society guideline for the early detection of cervical neoplasia and cancer
CA Cancer J Clin 52(6): 342-362
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test is based on an examination of cervical epithelial cells for atypical physical abnormalities
that are indicative of cancer or a precancerous condition. The Pap test relies solely on the
visual examination of cells under a microscope, requires highly trained personnel and specia-
lized equipment and is expensive to perform. The limitations of cytology are set out in a 2006
paper by Cox and Cuzick:

1. Results are dependent on a high quality sample being collected at examination
2. The reading of the slide is subjective

3. The re%etitive nature of the reading, which can lead to greater number of interpretive
1
errors

The new liquid-based cytology tests have improved this by providing easier to read slides.
Assessment of this technology in the UK indicated that “inadequate cytology would be cut by
80%, that laboratories could process slides more quickly and that, despite increased costs per
slide, overall liquid-based cytology would be cost effective.”*™* However, from a clinical pers-
pective the major limitation of cytolo%—based screening continues to be its limited sensitivity —
sensitivity is 50-70% to detect CIN3""> and 48-57% to detect CIN2+.2° In order to compen-
sate for poor sensitivity it is necessary to identify and act on minor cellular abnormalities. The
ACSSP 2001 guidelines state that 50 million women have Pap tests each year in the US and
that 7% (about 3.5 million) are diagnosed with a cytological abnormality requiring additional
follow-up or evaluation i.e. smears diagnosed with ASCUS (atypical squamous cell of un-
known significance), atypical squamous cells suspicious cannot exclude high-grade squam-
ous intraepithelial lesion (ASC-H), low-grade squamous intraepithelial lesion (LSIL), or atypi-
cal glandular cells (AGC).*”’

One widely used option for dealing with such results are to repeat cytological testing at speci-
fied intervals, following up with colposcopic biopsy if malignancies are detected. This ap-
proach has a number of disadvantages: “It can delay the diagnosis of CIN 2,3 or cervical can-
cer and, even in populations with good access to health care, adherence to recommendations
becomes a problem for any follow-up that requires multiple visits.”’® Another way to manage
ASCUS results is immediate referral for colposcopic biopsy. Disadvantages of this approach
are it is uncomfortable, ex;)ensive, can raise unnecessary anxiety and may lead to overdiag-
nosis and overtreatment.*’® Furthermore although colposcopic biopsy has been the gold stan-
dard procedure for diagnosis of cervical cancer recent evidence suggests that this technique
can miss as much as 50% of high-grade disease.”® As indicated earlier, HPV testing provides
an alternative means of dealing with these borderline results.

4.5.2 HPV testing

The ASCCP’s 2001 Consensus Guidelines state that clinical data from ALTS and other stu-
dies had proved HPV DNA testing is a safe and effective means of triaging women with AS-
CUS. Although they acknowledge that repeat cytology and immediate coposcopy are accept-
able alternatives, the guidelines state that reflex HPV DNA testing is the preferred approach.
The key advantage of what they describe as ‘Reflex HPV DNA testing’ is that the sample is

% Cox, T and Cuzick, J (2006) HPV DNA testing in cervical cancer screening: From evidence to policies Gynaeco-

logic Oncology 103: 8-11

" Royal College of Obstetricians and Gynaecologists (2006) Progress in cervical cancer screening. SAC Opinion
aper 7 June

5)75 Nanda K, et al (2000) Accuracy of the Papanicolaou test in screening for and follow up of cervical cytologic ab-

normalities: a systematic review. Ann Intern Med 132:810-19.

78 Cuzick, J et al (2006) Overview of the European and North American studies on HPV testing in primary cervical

cancer screening Int J Cancer 119: 1095-101

7 Wright, T et al (2002) 2001 Consensus guidelines for the management of women with cervical cytological abnor-

malities JAMA. 287(16):2120-2129

78 Wright, T et al (2002) 2001 Consensus guidelines for the management of women with cervical cytological abnor-

malities JAMA. 287(16):2120-2129

9 Wright, T et al (2002) 2001 Consensus guidelines for the management of women with cervical cytological abnor-

malities JAMA. 287(16):2120-2129
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collected at the time of the original screening test using either the LBC sample or a sample
co-collected for HPV testing in case of ASCUS. The justification for this recommendation is as
much about speed and convenience as it is about the predictive value of the test: “women do
not need an additional clinical examination for specimen collection, and 40% to 60% of wom-
en will be spared a colposcopic examination. Moreover, women testing negative for HPV DNA
can rapidly be assured that that they do not have a significant lesion.”*** The 2006 guidelines
confirmed reflex HPV DNA testing as the preferred approach and provided additional justifica-
tion from new data, stating that this approach: “spares 40-60% of women from undergoing
colposcopy, and has been shown to have a favorable cost-effectiveness ratio.”**

Both our US lab directors were using the Digene test in accordance with ACSSP guidelines,
for ASCUS triage stating that it was a de facto standard of care (US Lab 1). Our UK intervie-
wee suggested that it was only a matter of time before they adopted the use of HPV testing
for ASCUS triage (and also for use as a test of cure). However, two Dutch interviewees, a
clinician and a lab director suggested that HPV test is of limited use for borderline Pap results.
(EU clinician 1, EU Lab1).

The second application of HPV testing is in primary screening. A recent overview analysed
the findings of a number of different studies from Europe and North America where HPV test-
ing was performed as a primary screen in parallel with cytology. The sensitivity of HPV testing
was substantially greater in detecting CIN2+ than cytology (96.1% vs. 53.0%) but its specific-
ity was poorer (90.7% vs. 96.3%).'®® The 2006 ASCCP guidelines note that combining HPV
testing and cytology gives significantly greater sensitivity than the use of either test on its
own, with negative predictive values of 99-100%. It is hoped that this new testing protocol
could reduce the incidence of false-negatives, and allow less frequent screening for women
who are negative on both Pap and high-risk HPV tests. These women would also benefit from
the psychological reassurance that concurrent negative test results for Pap and HPV gives
them a risk of cervical cancer of approximately 1/1000.'** Health policy modeling studies of
combined cytology and HPV testing in women 30 years and older, have shown that it need
only belgé)ne every three years to provide equivalent or greater benefits than a yearly cytolo-
gy test.

Out interviews revealed a notable difference between the clinical utility of the HPV test in the
US and in the UK because of their different protocols for cervical screening. In the US it has
been standard practice to offer women a cytology test on an annual basis, and the addition of
HPV testing in women over 30 allowed the recommendation to be changed to once every two
years if both tests are negative. In the UK, by contrast, current practice is already to offer a
liquid-based cytology test every two years to women between 25 and 50 and every five years
to women between 50 and 64: “In this country the frequency of screening has not been a big
issue so there is no particular advantage to using two tests together to lengthen interval
screening.” (EU clinician)

However, there are concerns about the use of HPV testing in primary screening as it is less
specific than cytology, especially amongst younger women where transient HPV infection is
relatively common but incidence of high grade lesions is low, hence the recommendation that
HPV screening only be done in women 30 or older. Even in this group, however, the rate of
false positives arising from HPV testing gives cause for concern, particularly about the “ad-
versl%GpsychologicaI and psychosexual effects that HPV testing may induce in some wom-

en.

181 Wright, T et al.(2002) 2001 Consensus guidelines for the management of women with cervical cytological abnor-

malities JAMA 287(16):2120-2129
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Cuzick, J et al (2006) Overview of the European and North American studies on HPV testing in primary cervical
cancer screening International Journal of Cancer 119(5): 1095-1101
18 Cox, T and Cuzick, J (2006) HPV DNA testing in cervical cancer screening: From evidence to policies Gynaeco-
logic Oncology 103 8-11
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Commenting on the cost-effectiveness of the HC2 test, at least one lab director complained
that the test is too expensive, though suggested that the main cost is the labour: “You need a
skilled person and it can be a seven-hour test for 80 samples.” (US Lab 2) Digene claim that
automation using a robotic instrument can increase throughput to 354 tests in one batch.'®’

4.5.3 HPV genotyping, viral load testing and other molecular markers

On its own the presence of HPV does not correlate well with progression to cancer. The fact
that the Digene test does not distinguish between different high-risk strains is considered a
drawback. One US lab director stated that there were problems with the Digene test concern-
ing cross-reactivity with low-risk groups and unacceptably high false positive rates (US Lab 2)
and suggested that as HPV vaccination is taken up, then disease prevalence will change, in-
creasing the rate of false positives. There is increasing clinical interest in testing methods
which may be more specific than the Digene test, and in particular growing use of genotyping
for high-risk HPV strains, especially for HPV types 16 and 18, the most oncogenic HPV types.
However, current use of genotyping is not as a screening test but as a confirmatory or diffe-
rential diagnosis. The challenges of genotyping were raised by interviewees, in particular the
technical demands of running PCR testing: “it is not a minor undertaking for a lab, it needs
pretty exquisite, clean, exacting technology — a lot of places don't have the room or the people
to do it. Unless PCR gets easier to implement in a standard lab it's not going to have as much
impact.” (US lab 2). Aside from technical difficulties, there are also doubts about the clinical
significance of PCR “PCR can get down to very few copies of the virus but again we don't
know what that means clinically.” (US lab 2) Another US lab director described how they had
developed their own homebrew PCR test in response to clinician demand: “It is very useful —
obviously young women acquire different high-risk types and then resolve them, we want to
be able to type the HPV to know if it's the same type or a new type.” (US Lab 1) This is impor-
tant because it is persistent infection with a high-risk strain which leads to cancer. Roche has
two PCR-based genotyping products: the Amplicor HPV Test and the Linear Array HPV Ge-
notyping Test. The Amplicor kit detects the presence of 13 high-risk strains of HPV. The Li-
near Array test identifies 37 HPV strains including all high- and low-risk genotypes in the ano-
genital region. Other genotyping kits include Gen-Probe’s APTIMA HPV test and Hologic's
Cervista HPV16/18 test which is the first HPV genotyping kit to gain FDA approval.

However, as noted earlier, even detecting high-risk HPV strains is of limited clinical utility be-
cause many infections are transient. Thus interest is growing in tests that can accurately pre-
dict individual women'’s risk of developing cervical cancer and which are able to identify spe-
cific precancerous stages.*® These include:

e viral load testing

e surrogate markers, such as proliferative markers (p16 and mRNA) or cell cycle mark-

ers (cdc6 and mcmb proteins)
e comparative genomic hybridization to identify host-cell biomarkers*®

Viral load is associated with persistence of infection and disease progression. HPV viral load
patents granted to the Swedish company Quantovir was acquired in 2007 by the US company
Cepheid. Cepheid already produce FDA-approved molecular tests for other infectious diseas-
es and the company have stated that they intend to use viral load to pursue a different
approach to HPV screening. In September 2007 David Persing, executive vice president and
chief medical and technical officer, told an industry conference that their approach will be to
begin HPV screening much earlier - at age 18 rather than 30 as is recommended for the HCII
test. Infected patients will receive repeat tests to measure viral load and track type-specific
resistance over a period of time and to indicate whether a patient has a persistent infection.**°

87 Levenson, D (2007) A new era in cervical cancer screening. Clinical Laboratory News 33(6): 1-9

188 peck, R et al (2008) Human papillomavirus testing today and tomorrow IVD Technology November

'8 Wasserman, P; Schwartz, M; Darragh, P (2007) Understanding HPV testing’s place in primary screening CAP
Today January

%0 Winnick, E (2007) Cepheid Licenses IP to Develop Quantitative HPV MDx, Loses CDC Contract for Flu Test.
GenomeWeb September 26, Accessed online at http://www.genomeweb.com/cepheid-licenses-ip-develop-
guantitative-hpv-mdx-loses-cdc-contract-flu-test
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Precancerous cell changes are associated with elevated levels of two HPV-encoded onco-
proteins, E6 and E7, which disrupt the cell cycle by affecting cellular proteins such as p53
tumor suppressor and p16 kinase. Gen-Probe’s APTIMA test combines genotyping of 14
high-risk HPV strains with detection of E6 and E7. The Norwegian company NorChip has also
developed an mRNA test. A recent study comparing this test with PCR in women with an ini-
tial diagnosis of ASCUS or LSIL, found that it equal sensitivity but greater specificity than
PCR, in diagnosing/predicting progression to CIN2+.** Our UK interviewee thought this ap-
proach had potential: “RNA expression may imply an active HPV infection, whereas DNA
could just be a harmless passenger.” (EU clinician2). An alternative approach is to identify
genes which are over-expressed in cervical cancer, a method commercialised by the US
company TriPath Imaging and the German company mtm Laboratories, whose tests identify
elevated levels of p16™"<*.

4.6 Lessons learned on the role of IP

The HPV case is one where there exists a very dense patent thicket involving patents granted
to both public and private sector institutions. This IP has had a major impact on the shape of
the US market which is dominated by Digene/Qiagen, the company who has managed to ac-
quire, or gain exclusive licenses to, key patents, but its impact on the EU market is less clear.
Like TMPT this is another case where there would appear to be significant differences be-
tween the US and the EU.

Digene's dominant position in the market place in the United States is in large part a function
of its acquisition of core HPV patents. However, it is not the only factor. Rival companies are
seeking FDA approval and, since HPV tests continue to be classified as Class Il devices,
they must go through the lengthy Pre Market Approval process. Companies such as Ventana
have chosen to market their HPV test as ASRs rather than seeking FDA approval. It is worth
noting in this respect that even Factor V Leiden tests in US are more often marketed as ASRs
than FDA-approved kits (there are currently three FVL test kits approved by FDA). Both US
lab directors stated that the market preference is for FDA approved tests and this may be
more the case in infectious disease testing where many of the labs running tests do not have
the specialist expertise of a molecular genetics laboratory.

Regardless of the range of commercial and regulatory factors that may be playing a role in
the slow development of alternatives to the Digene test, there is no doubt that IP is a major
factor

4.6.1 Patenting and access to testing for patients

The HPV case is one where strong patent enforcement would not appear to be affecting pa-
tient access to testing since there has been very broad uptake of the Digene test. One US
interviewee expressed concern about the cost of the Digene test stating that it was expensive
to perform and that the cost was in part a function of Digene's monopoly. However, they felt
the main cost factors were in fact the time and labour required to run the test (US Lab 2).
Another US lab director did express concern about the possible impact of test cost on patient
access for women with no health insurance (US Lab 1).

Patient access was generally considered not to have been affected by IP in any way by Ger-
man interviewees. One respondent mentioned that having assays produced by private com-
panies with IP on their products ensured a better level of quality (EU LAB1), a sentiment
shared by both US lab directors. IP could have a negative impact on test costs, which have a
great impact on patient access, in the few cases where reimbursement is not provided (EU
LAB1). According to a Dutch clinician and a Dutch lab director, patients’ access to HPV ge-
netic tests are not affected by patents. Patients might have been affected, to a certain extent,
because of the delay in rival tests coming to market, in particular a Dutch interviewee men-

1 Molden et al (2005) Predicting CIN2+ when detecting HPV mRNA and DNA by PreTect HPV-proofer and consen-
sus PCR: a 2-year follow-up of women with ASCUS or LSIL Pap smear Int J Cancer 114: 973-976
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tioned the development of a new genotyping test which is yet to be offered commercially.
Clearly the situation in the UK is that patient access to HPV testing is limited to the private
sector but that is a function of the need to generate robust evidence before altering the na-
tional cervical screening programme, so gene patents have not been a factor.

4.6.2 Patenting and innovation

Given the strength of Digene/Qiagen’s patent position and their virtual monopoly on the US
market since they launched the HC2 test nine years ago, this case is an excellent test of the
theory biomarker IP may encourage diagnostic companies to invest more heavily in clinical
studies for a new test. Certainly Digene/Qiagen have presented themselves as a model for
the IVD industry with regard to robust test validation:

The industry needs to decide if it wants to continue developing analytical tests for which
someone else assumes the responsibility of demonstrating clinical validity and useful-
ness; or be more involved in producing value-added clinically accurate tests intended to
be used in defined algorithms that convey a seal of quality and utility.'*?

Digene had played a key role in developing the clinical evidence base for their test providing
the assays for studies such as the pivotal ALTS trial. But Digene was not the only company
helping to build the evidence base for the clinical relevance of HPV. Roche supplied its linear
array HPV test free to researchers.

The argument about biomarker IP and clinical evidence hinges on the free rider problem — the
capacity of rival companies to exploit the clinical studies paid for by a pioneering firm. The
question for Digene/Qiagen is how far it can maintain a dominant market position as rival
tests emerge and whether it can continue to be the sole party capturing the value of their R&D
investment. As the market matures the clinical evidence base developed by Digene may be-
come a double-edged sword, on the one hand it may force other companies to invest heavily
in clinical trials, as we have seen with Gen-Probe and Third Wave/Hologic. On the other
hand, it becomes part of a broader evidence base demonstrating the value of HPV testing in
general, and may prove equally useful to Digene/Qiagen’s competitors. The most difficult
challenge in driving clinical uptake may be the shift from cytology to molecular tests, and it is
Digene/Qiagen who have driven that change. It remains to be seen whether other companies
with rival tests will find the task of gaining market acceptance for a test which is an incremen-
tal improvement on the HC2 test far easier and far less costly.

It is with regard to this process of incremental improvement in HPV testing that our US lab
directors expressed greatest concern about Digene/Qiagen’s dominant position. The US is
the most mature market for HPV testing and here the lab directors indicated a strong demand
for alternatives such as genotyping which can address some of the limitations of the Digene
test: “Other companies like Gen-Probe could have developed a better test” (US Lab 1); “Eve-
ryone is waiting in anticipation for FDA approval of the Third Wave test, because we view it as
competition ... people want competition, it's much better to have a choice for lab users.” (US
Lab 2). A variety of factors were thought to be affecting the slow availability of rival tests: in
the case of one leading company it was believed that IP negotiations with Digene had been
an issue but that a series of changes in senior management had also delayed their entry to
the market. It was understood that another US kit manufacturer had also been delayed by the
need to negotiate with Digene (US Lab 1). However, both interviewees suggested that delay
may also be caused by the FDA approval process “l guess the FDA has asked them for more
and more data” (US Lab 1) “FDA is always changing their mind about something.” (US Lab 2).

One of our US lab directors was concerned that IP was becoming a difficulty in the area of
molecular oncology, particularly in the case of markers for which there is not yet an FDA-
approved kit: “these are niche assays, it's very difficult to get approval to run it, sometimes

%2 | orincz, A and del Vecchio, M (2006) Ensuring accurate diagnoses: challenges from the manufacturing floor to the
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you can negotiate a set fee, but often you can't ... it's happening more and more, for instance
... a lot of these markers are patented even though people with the IP have no immediate de-
sire to make them into assays — it's a huge problem in research.” (US Lab 1).

The dilemma of this lab director engaged in academic research on new biomarkers serves as
a reminder that the clinical evidence base for HPV testing has not emerged solely from pri-
vate sector investment. It is not possible to provide figures for the level of public investment in
this field, but from the initial discovery of the HPV16 strain academic researchers have led the
field, as is demonstrated by the fact that key patents were granted to institutions such as
Georgetown University and the Institut Pasteur. In the case of BRCA testing, critics of My-
riad’s patents argued that the private exploitation of public research was immoral, in the case
of HPV there would appear to have been no such outcry - perhaps in part because it is clear
that Digeen/Qiagen have made a major investment in R&D, but also because the lab commu-
nity has welcomed the Digene test. Certainly all our US interviewees acknowledged that Di-
gene had played a important role in driving uptake of HPV testing and that their success in
gaining FDA approval had provided the market with an advance on the homebrew tests which
were then available. One lab director who had been performing HPV testing with an LDT in
the 1990s said: “We had developed a $50,000 test; they developed a $50m test.” (US Lab 1).

4.6.3 Lessons from comparing the US and EU

There are significant differences between the US and Europe with regard to HPV testing. Di-
gene/Qiagen have reported difficulties building market acceptance in Europe and of the three
EU countries we have surveyed, the most profound failure has been in the UK, where HPV
testing has yet to become part of the national screening programme for cervical cancer and
the only uptake is in the private sector, a relatively minor part of the national healthcare mar-
ket. It is to be expected that the company would focus primarily on its domestic market, given
its size, familiarity and the trend towards early adoption of new technologies in the US. How-
ever, Digene/Qiagen have been active in trying to build a European market, and their failure
to achieve greater uptake may be of concern given that many of their key patents are due to
expire soon.

IP is also a significant difference between the US and EU, given the amount of patent litiga-
tion in the US and its absence in Europe. It is fair to assume that this is a major factor in the
greater number of companies entering the European market compared with the US. . A
number of explanations for this are possible. It may be that companies in Europe are enter-
ing into private licensing arrangements with Digene to avoid public litigation, although this
seems unlikely since Digene/Qiagen have a dominant position in the European market
which they presumably wish to protect. It is perhaps more likely that that Digene/Qiagen
sees the US as its most lucrative market and is focusing its resources on protecting this
market.

Another plausible theory is that European companies have developed tests whose technology
does not infringe on Digene/Qiagen's patents. Some of Digene’s IP (some of the patents li-
censed from Institut Pasteur and Georgetown University) have expired in the EU but not in
the US, but if these are recent expirations then that would not explain why the company has
not sued in past years. One of Digene’s US patents (US5116734A) was filed in Europe as
well (W0O1991003718A1) but the application is deemed to be withdrawn. One US interviewee
suggested that the key blocking patents are Digene’s own patents on two high risk HPV types
and that this IP is US only. (US kitmaker) We could not find the patents they referred to but
this is due to difficulties associated with using the EPO database. Another possibility is that
Digene has looked at the Myriad/BRCA story as a salutary lesson in the challenges of enforc-
ing biomarker IP in Europe.

However, IP is not the only factor shaping differences between the US and European markets
for HPV testing. Regulatory issues are also shaping the market. Given the far higher regula-
tory hurdle in the US, it is unsurprising that even US companies such as Gen-Probe and
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Hologic/Third Wave are entering the European market first. This is a common pattern in the
IVD market and in the medical devices sector more broadly. Given the lower barrier to market
entry in Europe, it might be expected that Europeans would be more relaxed about whether or
not a test has FDA approval, but it is noteworthy that even European guidelines, such as the
consensus documents produced by the EUROGIN organisation, make reference to FDA ap-
proval as the gold standard of external validation of HPV tests.'*® Whether this influences
choice of tests in Europe is another matter.

198 Meijer CJ; Snijders, P and Castle, P (2006) Clinical utility of HPV genotyping Gynecologic Oncology 103: 12-17
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4.3. Table 9 Human Papillomavirus (HPV) patents

Family Patent Status NPuar;et:];r Cljcitf]?rty Filing Date PUblljlgfetlon Assignees ’:iegv‘rln-:‘Aess Inventors Acsoslljgnrt]r?e Title
Human papil-
lomavirus 35
LIFE TECH- DIGENE LORINCZ t:‘“lfr'fj'i‘; :t‘i:c')i
1 Granted Expired US4849332* us 26-5-1987 18-7-1989 NOLOGIES CORPORA- ATTILAT us Y
probes and
INC [US] TION [US]
methods for
employing
the same
Human papil-
lomavirus 44
LIFE TECH-  DIGENE LORINCZ I:‘“lfr'iz'icz :t‘l:(')‘:]
1 Granted Expired US4849331* us 9-6-1987 18-7-1989 NOLOGIES CORPORA- ATTILAT us Y
INC [US] TION [Us] EIEIDES EE
methods for
employing
the same
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Granted

Granted

Granted

LIFE TECH- DIGENE
Expired US4849334* us 9-6-1987 18-7-1989 NOLOGIES  CORPORA-
INC [US] TION
LIFE TECH- DIGENE
Expired EP0294659*  DE GB NL 1988-05-26  1993-12-22  NOLOGIES  CORPORA-
INC [US] TION
LIFE TECH- DIGENE
In force US4908306* us 27-4-1989 13-3-1990 NOLOGIES  CORPORA-
INC [US] TION
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2 Granted
2 Granted
2 Granted
2 Filed

The Univer-
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Introduction

V. Conclusion

This report has examined the development and clinical use of three molecular diagnostics
where intellectual property has been a key feature of the test’s evolution. In WP2 we noted

that there are three broad models of how a patent holder can exploit their biomarker IP. Each

of these models has been examined in our three case studies:

e FVL - owner and exclusive licensee do not develop a test kit, but license the patent

to others who do so

e TMPT - company in-licenses suite of IP to develop Laboratory Developed Tests
(LDT) in the its own reference laboratory with the aim of creating a monopoly on
patient access to the test (TPMT);

e HPV - company develops a test kit which is sold to multiple laboratories but prevents
other kit manufacturers from entering the market.

This and other key features of these cases related to these conclusions are set out in Table

10.

Table 10: Summary of key features of the case studies

Genetic Test modal- Key bio- Biomarker Exclusive licensee’s | Test Clinical use/
test (time ity marker IP | patenting and | commercialisation availability clinical validity
developed) owner(s) licensing strategy
strategies
FVL (mid- Genetic test, European US/ EU pa- Granting of multiple Widely of- Widely used
1990s on- and (less University tents, exclu- sub-licenses to kit fered - diver- | test, but weak
wards) specific) phe- sive licence developers (inc. FDA | sity of in- evidence of util-
notypic tests approved kits), large fringing kits ity, even after
available. reference labs, weak and services | more than 12
enforcement are available | years of use
TPMT (late | Genetic test, North US patents, Laboratory developed | Widely of- Widely used in
1990s on- two kinds of American less EU patent | testing service — fered in the some fields only.
wards) phenotypic Hospitals, coverage. strongly enforced with | EU, more Evidence base
test and anti- | US biotech | Key IP held by | mixed success (US limited avail- | and guidelines
body test all or exclusively | only to date) ability in still developing
available. licensed to USA, some
biotech service infringement
provider (services)
HPV (late Genetic test US univer- | Broad US and | FDA-Kit developed, Kit widely Widely used,
1980s on- compliments sities and EU patent strongly enforced (in marketed in except in UK
wards) older, much companies | coverage. US only) with mixed US and parts | (pending valida-
less specific / EU re- Several Exclu- | success of EU, but tion) but users
cytological search sive licences some in- want next gen-
test institutes fringement eration products
(kits and
services)

A prominent feature of all three cases has been the exclusive licensing of biomarker IP by
public sector organisations to small or medium-sized firms. These firms have exploited their
IP in three completely different ways. In the case of FVL, a number of sub-licenses were
granted, allowing in particular the development of several FDA-approved kits. In the case of

TPMT, sub-licenses from one exclusive licensee were issued, but nonetheless a monopolistic
testing service provider has emerged in the US, but has yet to enforce this position in the EU

(and may have less IP coverage to do so). In the case of HPV, a monopolistic kit-provider has
emerged in the US, but once again this monopoly position has not been as easily replicated in
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the EU. There is also evidence of differential enforcement strategies in the case of test kits
and LDTs in both FVL and HPV.

The case studies are important for their potential in demonstrating the complex ways in which
biomarker IP interacts with other factors to affect the R&D process, clinical uptake and patient
access to new tests as described in the following sections.

5.2 Types of IP, acquisition and exploitation
5.2.1  Thinking beyond the notion of broad, blocking gene patents

Patents on genes are just one form of IP relevant to genetic testing, and these case studies
have shown that there may be significant limitations restricting how companies can exploit
this IP, indicating that the biological context of the patented invention as well as the specific
claims the patent holder has been awarded substantially influence a patent’s likely commer-
cial impact.

The cases provide evidence about the variety of types of patents which are available and
have been sought, illustrating the range of biomarker-related IP in the IVD industry. Patents
have been granted on nucleotide sequences, methods and kits and on phenotypic tests (en-
zymes and measurement of metabolites). It is important to note that the cases show genetic
tests are not necessarily impossible to invent around. The initial patents have not always
been obstructive. Mayo’s patent on the wildtype TPMT gene for example has not apparently
allowed them to offer the DNA test, which relies on the detection of certain mutations claimed
in the patent held by St. Jude Children’s Research Hospital. Digene/Qiagen have not been
able to defend their HPV52 patent in litigation with Third Wave/Hologic, although some key IP
did expire before it was tested in this case. Also, in all three cases the molecular diagnostic is
not the sole means of clinical testing as phenotypic test methods are also possible. All the
molecular tests we have examined have their shortcomings and clinicians may wish to access
both types of test for the same patient. In the case of TPMT and FVL no one company has
managed to monopolise all forms of testing.

The density of patenting has been seen to vary widely between the cases and appears to de-
pend primarily on two factors: the biological basis of the test (e.g. whether a single mutation is
tested or a gene containing many mutations, or whether many genes are involved) and the
number of players in the market, which itself is probably related to expectations of potential
market size. Thus HPV has the most patents because of the large number of different HPV
types that occur and have been patented, and the variety of ways of identifying HPV, from
hybrid capture to PCR based methods. The spur for companies to enter the space and de-
velop new patentable methods are: firstly, the potential size of the HPV screening market;
and, secondly, the emerging clinical demand for alternatives to the Digene/Qiagen test.

5.2.2 Therole of public sector exclusive licences in diagnostic controversies

All three cases presented here involve patent holders in the private sector and the public sec-
tor and in each case much of the key IP has come from the public sector. This indicates that
the issues arising from the acquisition and exploitation of biomarker IP are not attributable
simply to the pursuit of competitive advantage between biotech firms. Rather it is universities
and hospitals such as St. Jude, Georgetown, and Rijks Universteit Leiden who hold much of
the most important IP and who help to set the terms for its exploitation through their choice of
licensees and their frequent use of exclusive licences. However the granting of sub-licenses
in two of the three cases indicates that an exclusive licensee selected by the university may
not always choose to monopolise downstream revenues, although clearly in some cases this
is a favoured strategy. Certainly it allows for more full monitisation of the IP, with the market
able to put a premium on the value of companies owning this IP in a way that non-exclusive
licensees are unlikely to see. This is illustrated by the size of the acquisition value of Digene.
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The case of FVL illustrates that the nature of the contract between licensor and licensee may
have a substantial impact on subsequent enforcement activity and that, as such, the granting
of exclusive licenses per se may not be the root cause of diagnostic patent controversies
such as those involving Myriad and Athena — see Cook-Deegan et al 2009. Rather it is sug-
gested that exclusive licensing may be a legitimate way to place responsibility for broader
licensing with an organisation better equipped to manage this task. However, clearly this is an
area where there is considerable scope for best practice to be developed or better dissemi-
nated.

5.2.3 Enforcement of exclusivity for kit makers and LDT service providers®

Patents in genetic testing have not consistently provided monopolies for IP holders. In all
three cases laboratories are infringing patents, and often are doing so without any apparent
threat of enforcement by the IP holder. Furthermore this infringement has occurred even
when the indications are the royalty payments are within a price range that the market can
bear, as in the case of FVL. In seeking to understand the significance of this differential ap-
proach to enforcement, we must bear in mind that this is just one of a number of ways in
which there is a lack of a level playing field for LDTs and kits. There are a number of factors
which affect the ability of a laboratory to offer a test as an LDT and a manufacturer to develop
a test kit, including cost, time and regulatory hurdles. It is cheaper and faster to produce an
LDT and the regulatory requirements are often less onerous (a factor which, conversely, adds
further costs and time to kit production). LDTs can be modified more easily allowing swifter
adoption of incremental improvements (including new markers and new techniques). Cru-
cially, the principal factor which deters the FDA from regulating LDTs in the USA is probably
the same one which deters patent holders from enforcing their IP in labs — the sheer number
of labs offering tests makes the task of enforcement far greater. Hundreds of labs might offer
a particular test as an LDT, while the number of manufacturers producing kits is likely to re-
main in at most in low double digits (perhaps 10-15 as indicated by FVL).

In the US an alternative strategy for an IP holder would be to focus enforcement on the small
number of major reference labs which dominate this national market. This would not only be
more manageable in terms of number of companies to pursue, and more acceptable to those
who do not wish to pursue labs in the public sector, but it would likely capture a very high pro-
portion of the volume of tests carried out in the US. However, the challenge in this respect is
the resources which such industry leaders have to devote to IP issues and their apparent will-
ingness to enter into litigation. Also the large, well established, multi-product diagnostic com-
panies may not want to sue their customers as this could damage other product markets (see
remarks of reference lab executive in WP2).

Some kit manufacturers who had acquired licenses to produce Factor V Leiden tests com-
plained about the failure to require labs to license their LDTs. From the perspective of the
Myriad case and the concerns about how gene patents might impact public hospital labs abil-
ity to offer their own tests, the Factor V Leiden case illustrates the potential for a nuanced ap-
proach to IP exploitation that can address such sensitivities. However, there are a number of
factors at work here, which may limit how far this can be generalised, including the fact that
gene sequencing, which is central to the practice of BRCA testing, is not reducible to a low
cost kit at present, preventing Myriad from exploiting its IP by focusing on kits. The second
issue is that the Factor V Leiden market is large enough to make it attractive to a number of
kit manufacturers, and that the test itself is relatively simple. Finally, the approach taken in all
cases depends crucially on the motivations of the patent-holder and the licensee. For exam-
ple in the case of Factor V Leiden the assignee had asked that the patent is not enforced
against individual academic research institutions. In some cases the fragmentation of the
market makes litigation against a given infringer less lightly to be profitable, given the high
legal expenses involved in building a case and risk of losing. In other cases, for example
Prometheus vs. Quest, reported here, smaller companies may be motivated to pursue en-

1% We thank two legal experts for their observations summarised here.
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forcement where the marginal revenue, or the precedent, is more valuable to their business
than perhaps would be the case for an incumbent.

5.2.4 Therole of market size and other regional factors

The BRCA case (described by Parthasarythy 2007 and others) was notable for the quite dif-
ferent outcomes that Myriad’s strategy led to in the US and Europe (and indeed in Canada).
In both the US and Europe there was professional opposition to Myriad’s efforts to enforce its
IP, but structural factors made it more difficult for Myriad to overcome that opposition in
Europe. In the WP2 laboratory survey and industry interviews (see WP2 report) we have al-
ready confirmed that regional differences in approach to biomarker IP extend far beyond the
Myriad case; the HPV and TPMT cases add further evidence of a regional divide, although
there would appear to be little difference between Europe and the US in the case of Factor V
Leiden, either in terms of the patent landscape or enforcement activities.

In the case of TPMT there are a number of key differences, including the fact that crucial IP is
patented in the US but not in Europe. Prometheus, the company who hold the broadest IP
rights, have been active in enforcing its position in the USA in order to secure a monopoly on
testing for its own laboratory. In the US the availability of alternative tests has continued with
laboratories attempting to challenge or invent around existing IP. Thus far it would appear that
Prometheus has not attempted to prevent European labs from offering TPMT tests, although
this is due to their continued ability to grow their US market and their strategic focus rather
than of other reasons.

HPV has strong similarities to TPMT, in that the holder of key IP has actively pursued a US
monopoly and there has been litigation with rival companies in the US but in Europe there is
no evidence that the company is seeking to establish a monopoly although it has a dominant
market position. Not only is there no public record of HPV litigation in Europe, there is a grow-
ing number of companies bringing tests to market. The presence of unlicensed kits in the EU
and the US, launched in a climate where litigation must be a primary consideration for manu-
facturers indicates a strong financial incentive for risk taking in these entrants, and perhaps is
an indication of weaknesses in the IP or competitive position of the IP owner. In either case
this again reaffirms arguments in the previous section that the IP owner’s monopolist position
may be difficult to protect. In our WP2 report we suggested that the value of biomarker IP
was still uncertain; these case studies have reinforced that perception.

5.3 Development and diffusion —the challenges of translation

There has been much policy discussion about the difficulties associated with translating ge-
nomic research discoveries into well-accepted and well-adopted clinical use. The case study
which best illustrates these challenges is TPMT, Whilst there were potential negative impacts
from the restriction of wide provision of TPMT testing by the IP holder, the most immediate
barriers to clinical uptake are reimbursement arrangements and perceptions of a lack of clini-
cal utility. Uptake of the test has clearly varied due to differences in evidence and guidelines
across clinical fields which have left many clinicians unaware of the reasons for using the test.

These factors were also of crucial importance in the case of HPV, where uptake in the UK is
awaiting evidence from the UK trials established to assist the National Screening Committee
in deciding whether the test has a role in the existing Cervical Screening programme, but
where positive coverage decisions in the USA flowed quickly from FDA approval of the Di-
gene kit and its use in the pivotal ALTS trial whose findings formed the basis for clinical guide-
lines recommending use of the test. The role of guidelines in driving uptake in Germany and
the Netherlands is less clear but the development of guidelines in these countries stands in
contrast to the situation in the UK.

Conversely Factor V Leiden has enjoyed widespread and rapid adoption despite subsequent
challenges to its clinical utility, owing to the simple nature of the test and its novelty in the field
at the time of introduction.
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The role of biomarker IP in the process of development and diffusion of testing therefore has
varied between cases, but it is reasonable to suggest that in all three cases other factors have
played a more important role.

To what extent do our cases suggest that development of a robust evidence base to
guide use of the test and drive clinical uptake can be encouraged by companies hold-
ing biomarker IP?

In the case of HPV, Digene would appear to have played a significant role in the development
of the evidence base, funding a number of studies such as the UK HART trial. However,
many HPV studies like the ALTS trial were publicly funded, albeit with the company providing
support in the form of cheap or free assays. In the case of TPMT Prometheus claimed that
they supported studies by academic research groups. In the case of Factor V Leiden, the pat-
ent assignee has played an ongoing role in research to identify new markers and elucidate
the clinical significance of the gene (but it would appear that the licensee has added little or
no value in this respect, other than allowing a range of other tests to become available by not
enforcing their monopoly). The continued role of the assignee, suggests the potential for pat-
ent royalties to stimulate research, since these monies have provide an additional source of
funding for research. However, in TPMT and FVL there are questions that remain over clinical
utility, suggesting that the biomarker IP may not be sufficiently powerful an incentive to invest
in addressing all the evidence gaps. In particular it appears that health providers have a pro-
pensity to encourage or even require local studies of clinical utility or cost effectiveness which
clearly involves the expenditure of significant resources in each territory, and indeed in each
clinical application the test is to be used in. The organisation of these studies also may take
some years. The cost and delay are both significant factors for diagnostic firms, especially
those that do not have large resources to invest. One strategy to address this issue is to en-
sure that the clinical need which one's test is seeking to address is sufficiently compelling that
public funding is likely to support postmarket studies, as has been the case with the HPV test.

On its own a solid evidence base may not be sufficient to ensure broad and swift uptake; it
may also be necessary to build awareness of that evidence base. This may be achieved
through a variety of mechanisms such as the promotion of clinical guidelines by professional
bodies, but companies may play the key role if they make a significant investment in sales
and marketing activities. Prometheus and Digene/Qiagen have each used their own sales
force to target doctors to generate demand for the test. In the case of Digene this is an un-
usual departure, since kit manufacturers do not generally promote direct to physicians, prefer-
ring instead to target laboratories who will then in turn promote the test to doctors. The more
radical aspect of Digene's approach has been the adoption of direct-to-consumer promotion,
although this is a broader trend in the medical devices industry.

However, opinions about such marketing are mixed with some suggesting that companies
may want to get to market too quickly (i.e. before they have sufficient robust evidence to jus-
tify routine clinical use of a test) and may try to drive inappropriate utilisation (an accusation
levelled at Digene by one of our US interviewees). One European interviewee described Di-
gene as “very, very pushy”. However, there are a number of factors which the company might
cite to suggest that their approach is well-justified, including: the strong support amongst HPV
researchers and the pathology community for use of the Digene/Qiagen test; consensus that
the HPV market is under-penetrated, in part due to clinician conservatism, and the longstand-
ing problems increasing participation in even existing cytological screening programmes.
Criticism of Digene/Qiagen provides a parallel with the BRCA/Myriad case where the use of
DTC advertising has been met with some hostility. Both cases suggest that there may be
some level of resistance to IVD companies adopting the more aggressive marketing strate-
gies of the pharmaceutical industry. To the extent that such activities are predominantly car-
ried out by companies with a strong patent position which offers them a market monopoly,
then this provides another indication of how biomarker IP may be changing business models
in the VD industry and presenting novel challenges for policy makers.
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5.4 IP and incremental innovation to improve quality

Concerns about DTC promotion are not the only aspect of changing business models which
have raised concerns. Some have suggested (as in the TPMT case here) that monopoly pro-
vision of a testing service leads to problems when no verification of quality or accuracy is
available (Cook-Deegan et al. 2009), although there are obvious counter-arguments also
about the quality of ‘homebrews’ provided by smaller labs that may provide testing services
when no monopoly exists. Some scholars argue that the adoption of biomarker IP is driving
the IVD sector towards a pharma model of innovation that is now failing to deliver. As a recent
Canadian report from the International Expert Group on Biotechnology, Innovation and Intel-
lectual (IEGBII) argues:

“The end of the Old IP era came much closer in view in 2007 when CEOs and senior
managers of pharmaceutical companies stated that their business model of establishing
high IP barriers around blockbuster drugs no longer worked."*®

The report goes on to argue that the pharma industry’s IP-based innovation model is linear
and fails to capture the essentially cyclical and collaborative nature of innovation. One of the
key criticisms of the Myriad BRCA patent was that by preventing multiple labs from perform-
ing testing Myriad would block incremental innovation, in terms of both the development of
new testing methods and the identification of new mutations. In this study the case which
most reinforces this concern is HPV where the Digene test has well-established limitations
and where there is strong demand for alternative tests to address these problems, but where
the entry of new tests to the market has been delayed in part by Digene’s patent litigation. It
should be noted that research use of other tests such as Roche’s Linear Array kit has not
been prevented, even in the US, and that IP is not the only reason for the lack of competition,
as our US interviewees indicated they thought that the need for FDA approval was also a fac-
tor. Furthermore, the patent litigation has not stopped companies such as Third Wave and
Ventana selling HPV ASRs enabling labs to create their own LDTs and nor is there any evi-
dence of patent litigation to block the use of HPV LDTs. Nevertheless, the HPV market ap-
pears to be one where laboratories would in general appear to prefer to wait for an FDA-
approved kit and where IP has been a factor hindering incremental innovation by multiple
players. Any evaluation of the harm that may have arisen from this lack of open, competitive
innovation must be balanced against the benefits that have accrued from the presence of a
single company committed to playing a key role in the development of the clinical evidence
base for HPV testing.

Incremental innovation in Factor V Leiden testing is more open because there is a greater
tendency for labs to develop homebrews and therefore less reliance on FDA-approved Kits.
When coupled with the lack of IP enforcement and the relatively large size of the Factor V
market (compared with other heritable markers) this has created a fertile environment for in-
cremental innovation by both labs and kit makers — although as noted above the clinical utility
of the test is still uncertain. The HPV and Factor V Leiden cases illustrate the very different
outcomes which can arise from strong biomarker patents and the crucial role played by li-
censing strategies in determining the potential for incremental innovation by multiple players.

5.5 Limitations of this study and implications for future policy and research

This report covers the results of a relatively small-scale enquiry into three cases studies of
particular genetic tests that have been important tests in their class, and as such does not
address the development and commercialisation of all tests within a class of test. Further-
more, the scale of fieldwork undertaken must be regarded as exploratory. Absence of evi-
dence should not therefore be assumed to be evidence of absence.

Furthermore there are many missing details in the cases reported here due to difficulties in
finding data. The authors of the report note that information on patenting and licensing activi-

%% The International Expert Group on Biotechnology, Innovation and Intellectual Property Toward a new era in intel-

lectual property: from confrontation to negotiation (Montreal, Canada, 2008)
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ties in the diagnostics sector is particularly difficult to find and to collate in a comprehensive
manner. This is especially the case for European patent documents. This is surprising to us
because it is a foundational principle that the patent system provides protection for inventors
in return for disclosure of their inventions. However at the present time this information is
much more difficult to search for in European databases than it is at the USPTO. In relation to
our findings in WP2 based on the survey of EU-based clinical laboratories’ awareness of pat-
ents, and results of similar enquiries in the FVL and TMPT cases in this report, it is our as-
sessment that the current publicly available IT systems do not adequately support practitio-
ners of patentable arts in avoiding infringement or in the search for potential licensors through
identification of patent owners. Furthermore there is also no systematic way to identify licen-
sors or licensees in the EU or the USA as parties are under no obligation to disclose this in-
formation.

The case studies presented here demonstrate that while the BRCA case offered policymakers
an early indication of some of the issues that may arise from the growing importance of bio-
marker IP in the molecular diagnostics sector, a single case can at best provide only a partial
understanding of the range of strategies for exploiting such IP and the variety of potential out-
comes. It is hoped that these additional case studies create a fuller picture. Generalisation
from these cases should be undertaken with care as it must be borne in mind that the sector
is moving very rapidly and some of the greatest challenges in dealing with biomarker patent
thickets (which clearly is what the HPV case may be called) may arise in applications not
covered in these cases. A number of other case studies have been undertaken by other re-
search groups in parallel to this study and a more comprehensive and robust analysis may be
provided from combining these results, however this is beyond the scope of this present re-
port.

As noted in our WP2 report, an increasing number of companies are developing polygenic
tests for applications such as measuring heritable susceptibility to common diseases or mo-
lecular profiling of tumours for prognosis and treatment selection in post-operative cancer pa-
tients. Such applications have considerable potential for problems arising from royalty stack-
ing and may make the need to develop coherent policies to manage the challenges of bio-
marker IP more pressing. Given the heterogeneity of approaches and experiences we have
revealed it is unlikely that there is a single set of solutions to the issues raised by the trend
towards biomarker IP. Policymakers who wish to support innovation in the molecular diagnos-
tics sector whilst ensuring patient access to valuable new tests will have to adopt different
strategies in different circumstances. In doing so they must accept that they are operating in
uncertain and rapidly shifting terrain.

5.6 A new basis for progress in the field

The above limitations accepted, this report illustrates the strength of the case study method
for hypothesis falsification. On this basis three widely-held views about gene patents can be
put aside as having been negated or requiring significant qualification:

1. Are gene patents uniquely problematic in terms of being difficult to invent around? In
fact they are not infallible, may be invented around, and other forms of IP can also be
disruptive in this field.

2. Is exclusive licensing always problematic in genetic diagnostics? It may be, in some
cases, but more could be done in the drafting of exclusive licensee agreements to
include terms which might prevent some problems from emerging.

3. Are patents on genes are sufficient incentive on their own to ensure large-scale
private investment to validate tests? They may do in some cases, but there are
clearly limits to the investment firms make when faced with diverse requirements of
national markets and difficulties in promoting their products across these markets; the
scale of investment may be linked to the potential size of the market and likely return
on investment and publicly funded research continues to play a major role in
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