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What Is It about?

Increased molecular understanding is transforming the prospects for healthcare, and molecular diag-
nostics are opening the pathway to a shift in healthcare strategy. Molecular testing has informed some
major preventative public health strategies - such as the significant reduction in cancer mortality.
Early diagnosis and personalised healthcare will have a central part to play, particularly in the cancer
arena. The paper is the result of extensive engagement with experts and decision makers to develop
the framework, and consequently represents a wide consensus of views on how healthcare systems
should respond from push and pull factors at local, national and cross-border and EU level.

Keywords
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Abstract

Rapid and continuing advances in biomarker testing are not being matched by take-up in
health systems, and this is hampering both patient care and innovation. It also risks costing
health systems the opportunity to make their services more efficient and, over time, more
economical. This paper sets out the potential of biomarker testing, the unfolding precision
and range of possible diagnosis and prediction, and the many obstacles to adoption. It of-
fers case studies of biomarker testing in breast, ovarian, prostate, lung, thyroid and colon
cancers, and derives specific lessons as to the potential and actual use of each of them. It
also draws lessons about how to improve access and alignment, and to remedy the data
deficiencies that impede development. And it suggests solutions to outstanding issues —
notably including funding and the tangled web of obtaining reimbursement or equivalent
coverage that Europe’s fragmented health system implies. It urges a European evolution
towards an initial minimum testing scenario, which would guarantee universal access to a
suite of biomarker tests for the currently most common conditions, and, further into the
future, to an optimum testing scenario in which a much wider range of biomarker tests
would be introduced and become part of a more sophisticated health system articulated
around personalised medicine. For exploiting genomics to the full, it argues the need for a
new policy framework for Europe. Biomarker testing is not an issue that can be treated in
isolation, since the purpose of testing is to improve health. Its use is therefore always close-
ly linked to specific health challenges and needs to be viewed in the broader policy context
in the EU and more widely. The paper is the result of extensive engagement with experts
and decision makers to develop the framework, and consequently represents a wide con-
sensus of views on how healthcare systems should respond from push and pull factors at
local, national and cross-border and EU level. It contains strong views and clear recommen-
dations springing from the convictions of patients, clinicians, academics, medicines author-
ities, HTA bodies, payers, the diagnostic, pharmaceutical and ICT industries, and national

policy makers. © 2020 The Author(s)
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Table 1. Snapshot

Some of the current barriers are technical, some are financial, and some are policy-related. This paper sets
out what the immediate opportunities are, where the main obstacles are, how they might be overcome, and
who stands to benefit - even from the wider provision of only a minimum service. And it looks beyond the
immediate horizons, to how optimal use of biomarker technologies could revolutionise European
healthcare.

(A summary of short-term Europe-wide solutions appears at the end of Conclusion)

Overview

Europe is missing out on major opportunities. The rapid growth in the availability of
techniques - known as biomarker testing - has made it possible to improve European citizens’
health. Their widespread adoption would support continued improvements in outcomes for
diseases such as cancer. And the prospects are even more attractive if the development and
deployment of more sophisticated biomarkers is encouraged.

But these opportunities are not being grasped. For the sake of patients, and for healthcare
systems, it is time to do so (Table 1).

The paper identifies important actors needed to secure these benefits. Its perspectives
reflect the views of patient advocacy groups (PAGs) and patient representatives as well as the
medical and scientific community.

The discussion took place under the umbrella of the European Alliance of Personalised
Medicine (EAPM). The mix of EAPM members provides extensive scientific, clinical, caring
and training expertise in personalised medicine and diagnostics, across patient groups,
academia, health professionals and industry. The discussion reflects this diverse membership
and takes account of the new prominence that the use of testing has acquired in providing
crucial information in the context of the COVID-19 pandemic. This attention demonstrates the
importance of comprehensive, resilient testing services. But the significance of testing is not
confined to any specific disease. While all stakeholders are working tirelessly to bring about
its implementation as part of an EU-wide health strategy, it is clear that gaps-and-needs are
still plentiful, and the challenge is, firstly, to identify them and, secondly, to fill the gaps and
meet those needs. Therefore, we need to be able to identify existing barriers in countries
across Europe. This is, of course, easier said than done. As stated, PM is in many ways a
complex approach to healthcare as it requires changes, often at a base level. The provision,
understanding and implementation of new forms of information into clinical practice is just
one example. In this instance, the complexity lies in characteristics inherent in the additional
data that healthcare professionals (HCPs) will need to employ to its full potential to gain more
access for their patients to early diagnosis, treatment and better quality of life.

It has implications for many other diseases, particularly in oncology. Integrating
biomarkers as an essential component of oncology treatment and drug development has been
crucial to the approval, uptake and use of an ever-increasing number of new personalised
medicinal therapies by both the European Medicines Agency (EMA) and the US Food and
Drug Administration (FDA). And the health of entire populations stands to be improved by
wider deployment of advanced biomarkers.

However, the development and use of biomarkers faces many challenges. Testing is a
discipline, a technology of its own, and irrespective of the disease category or type of test, its
effective use requires the resolution of some fundamental systemic issues. The outcome of
this consensus document makes clear that the emphasis in modern healthcare has shifted
significantly in recent decades. More and more we are fighting chronic diseases, and there
have been major changes in the way care is delivered. Personalised medicine is geared
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Fig. 1. Evaluating the current biomarker testing landscape could improve Europe-wide access by identifying
and targeting barriers.

towards individual patient outcomes and has been defined as a targeted approach to the
prevention, diagnosis and treatment of disease based on an individual’s specific profile.
Biomarker testing and molecular diagnostics are central pillars of this.

From a policy perspective, this means exploring the conditions that are required for
biomarkers to play their role now, and to develop their role for the future (Fig. 1).

What Biomarkers Are, and What They Do

Biomarkers provide information that is of value for patients, HCPs, health systems and
society. They constitute a wide range of mechanism and in their purpose, but they all aim to
improve and protect health. Atthe simplestlevel, they are indicators of health status - running
a temperature as evidence of a fever - but the most sophisticated are based on analysis of
blood, bodily fluids or tissue, through techniques such as molecular diagnostics including
next-generation sequencing (NGS) or artificial intelligence-based measurements. In medicine,
biomarkers have multiple functions. A blood or a tissue biopsy, can provide more precise
diagnosis to segment the patient’s disease into specific group to understand prognosis or
predict likely response to a range of treatments, particularly in the complex field of oncology,
where biomarkers serve frequently in defining patient populations and with it their likely
best treatment. In some cases, biomarkers can provide predictive and prognostic information.
They can allow clinicians to foretell the pattern of development in a given individual once a
disorder has been diagnosed and can monitor progression. They can also determine an indi-
vidual’s increased likelihood of developing a particular disorder due to an inherited risk or
other factors. The process of biomarker development has been driven largely by the urgency
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Fig. 2. European Commission’s Beating Cancer Plan.

of tackling cancer in all its complexity, not only - if most obviously - because of the huge
damage inflicted on patients and their families, but also because of the burden imposed on
health systems and more broadly on the economy. The evolution of early screening, diagnosis
and treatment is critical to enable better care and outcomes for patients and ultimately less
burden on healthcare systems. The Europe Commission’s Beating Cancer plan, with its focus
on prevention, early diagnosis, treatment and follow-up care, offers a conducive context for
directing new attention to biomarker development and use (Fig. 2).

In some instances, biomarkers can be used in large-scale screening for preventive, diag-
nostic, prognostic or treatment-response predictive purposes to identify people that need
special attention. Some have different applications in different contexts - diagnostic in one
person and predictive in another, for example, and different approaches can deliver increas-
ingly sensitive results [1].

Types of Biomarkers

Predisposition Biomarkers

A genetic predisposition (also called genetic susceptibility) is an increased likelihood of
developing a health disorder based on the presence of a particular genetic biomarker (e.g.,
specific mutations in BRCA1 and/or BRCA2 genes indicate that a patient has an increased
susceptibility to a group of cancers). Genetic testing for disease risk is often considered when
someone has a personal or family history that suggests an inherited risk for a particular
health condition, and when the results provide information that can help guide a person’s
future medical care. It is generally used in asymptomatic subjects. Some other non-hereditary
biomarkers are being developed to identify asymptomatic individuals with higher risk of
developing a specific type of cancer. Not all predisposition biomarkers are genetic suscepti-
bility biomarkers: chronic inflammatory conditions and their related biomarkers may help to
identify individual at higher risk of cancer.
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Diagnostic Biomarkers

Diagnostic biomarkers are used to confirm that a (usually symptomatic) patient has a
particular health disorder. For example, the presence of mutations in the CFTR gene indicates
thatanewborn has cystic fibrosis. A pathogen-specific test (e.g., HIV) might be used to indicate
the presence of an infectious disease. Diagnostic biomarkers may facilitate earlier detection
of a disorder than can be achieved by physical examination of a patient. A sub-category of
diagnostic markers is screening markers, which differ in that they are typically used in broad
asymptomatic populations (e.g., prostate cancer-specific antigen [PSA] for prostate cancer
screening, FOBT for colon cancer). CEA is used in colorectal cancer, and AFP and hCG in
testicular germ cell tumours. Another sub-category is monitoring biomarkers used to track
residual disease (e.g., circular tumour DNA identified in or circular cell free DNA (ccfDNA) or
BCR-ABL testing for leukaemia). Diagnostic biomarkers include prognostic (A) and predictive
(B) biomarkers:

(A) Prognostic Biomarkers. A prognostic biomarker helps indicate how a disease may
develop in an individual when a disorder is already diagnosed. The determination of the
presence, absence or altered levels of a prognostic marker can be useful for the selection of
patients for treatment but does not directly predict the response to a treatment. Leading
examples include Oncotype and Endopredict for early stage breast cancer.

(B) Predictive Biomarkers. A predictive biomarker helps determine which patients are
most likely to benefit from a specific treatment option (e.g., Her2 testing in breast cancer for
predicting response to drugs such as Herceptin, EGFR mutation or AKL or ROS1 or RET for
lung cancer or PDL1 testing in various malignancies or B-raf testing for melanoma). Predictive
diagnostics can provide information abouthow well atreatmentislikely to workin a particular
patient or about the likelihood of that treatment causing an unwanted side effect. Key subsets
of predictive biomarkers are companion diagnostics which have received regulatory clearance
for use with a particular drug.

Frequently biomarkers overlap in their clinical use, i.e. predisposition markers may
equally be used as predictive markers (i.e., BRCA mutations in ovarian and breast cancer) and
predictive markers may also be prognostic (i.e.,, EGFR mutations in lung cancer).

One overarching goal is to bring greater precision to medicine, which allows greater indi-
vidualisation of care, and has wide beneficial impacts on population health and on the sustain-
ability of health systems. Subdividing a disease into more specific subgroups can allow more
refined and personalised treatment. This improves patient outcomes and drives efficiency in
healthcare, reducing reliance on trial-and-error methods and one-size-fits-all approaches,
and minimises debilitating toxicities from inappropriate treatment [2].

Personalised medicine and targeted biomarkers have the potential to revolutionise not
only the treatment but also the prevention of malignancy, and advances in targeted ther-
apies have changed clinical practice for some diseases. For HCPs, biomarker testing provides
a deeper analysis of the disease to differentiate the diagnosis and provide direction on the
application of specific treatments. For patients, it expands the chances of successful
treatment, provides knowledge about their condition, and widens and allows for stratifi-
cation of the choices after diagnosis. And for policy makers, it can identify and reduce
disease risk, through prevention, early detection and treatment identification, as well as
monitoring the effectiveness and choice of treatments. For the health-care system as a
whole, biomarkers could make it possible to avoid using new and often expensive drugs in
patients that are not going to benefit from them, thus contributing to health system sustain-
ability [3]. It can also contribute to reduce waste, e.g. via avoidance of unnecessary admin-
istration of antibiotics. The effective use of biomarkers can contribute to atwo-fold objective:
maintaining health system sustainability, while providing high value care. For some
diseases, biomarkers serving as molecular targets for Precision Medicine have totally
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Fig. 3. Main areas of barriers.

changed overall survival and outcome in formerly devastating cancer diseases, i.e. brc/abl
in chromic myeloid leukaemia, c-kit mutations in gastrointestinal stromal tumours or EGFR
mutations in lung cancer.

Hurdles to Exploitation

The actual and potential benefits are obvious. But there are hurdles to overcome both to
maximise the use of the current armoury of biomarkers, and to open the way forward to
exploiting the huge new opportunities as science and technology open new opportunities for
biomarker testing. The figures below provide an overview of the main barriers in terms of
science, operations, economics, and the EU-level infrastructure, and of the complex interface
of factors in establishing personalised care in the European context.

Main Areas of Barriers (Fig. 3)

Immediate issues demanding attention range from the quality of testing - which depends
also on the quality of the samples being tested (which in turn largely depends on the stan-
dardisation of the pre-analytical conditions for sample collection, transport, stabilisation and
storage), to the availability of infrastructures for conducting testing, and to skills of respon-
sible professionals in this rapidly advancing field. There are serious challenges to be overcome
in the capacity and availability of pathologists and other necessary workforce components in
some European countries.

Tests must be analytically and clinically validated to be of any use - a process that is
dependent on adequate data, and on the development of more fully agreed and standardised
criteria and procedures across Europe and internationally. And many biomarkers need to be
re-evaluated over the course of the disease, especially in evolving diseases such as cancer. A
framework for cancer management in healthcare systems is a key issue here.

There are challenges too in economic terms - both in agreeing the commissioning or
reimbursement of individual tests by the diverse responsible authorities from country to
country, and in the overall funding provision for biomarkers in health budgets. The under-
lying challenge that IVDs face today is that the intrinsic value they generate in terms of infor-
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mation is not recognised, nor are they appropriately rewarded on the basis of this value,
which has a significant impact on investment in R&D for innovative [VDs.

Adoption of new tests often requires knowledge and equipment not widely available and
depends on the availability of appropriate guidelines from health and medical authorities.
The frequent consequence is difficulties of access, compounded by limited awareness among
clinicians and patients.

All of these factors in turn play into delays, disincentives and discouragement for taking
advantage of the opportunities that biomarkers represent for Europeans’ health (Fig. 4).

This paper is designed to offer a review of the opportunities of biomarkers, both imme-
diately and over the mid-term, and to explore the challenges to seizing those opportunities.
It aims to present an outline of the questions to be answered, and an outline of some possible
solutions.

The Context

Biomarker testing is not an issue that can be treated in isolation. The purpose of testing
is to improve health, so its use is always closely linked to specific health challenges, and needs
to be viewed in the broader policy context in the EU and more widely. In the EU, relevant
developments include the parallel initiatives of its “Beating Cancer Plan” and its “Cancer
Mission” (since it is in the field of oncology that testing is playing an increasing role), the
project to create a “European health data space,” and the “Pharmaceutical Strategy” that the
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Fig. 5. Involving every stakeholder group is necessary to improve access to testing in the EU.

European Commission is scheduled to deliver at the end of 2020. The evolution of these EU
initiatives depends, as always in the EU, on a complex array of interlocking influences and
stakeholders: decisions are not made by decree, but are the consequence of extensive and
often prolonged debate among advocates of disparate viewpoints (Fig. 5).

The Cancer Plan, now in development, is intended to update the EU’s approach to cancer
to reflect new knowledge over the last two decades, and the Cancer Mission is designed to
maximise the capacities of Europe’s research community to push real breakthroughs in
cancer care. The potential of advanced biomarker testing has an obvious place in these discus-
sions: molecular diagnostic testing is embedded in cancer treatment pathways - from reliable
guidance on optimal treatment for the individual patient, to precise monitoring of its effec-
tiveness [4]. The planned European Health Data Space will provide a framework for the
collection and analysis of the data that is a condition for the essential task of measuring the
impact of the use of a given biomarker [5]. At the same time, the Pharmaceutical Strategy, the
first such exercise for more than a decade, will attempt to forge greater EU level coordination
and collaboration in facing the key challenges that now face EU pharmaceutical policy [6]. The
outcome ofall these reflections should give due recognition to the role of biomarkers, including
by providing a policy framework in which member states would find it easier to reach
consistent decisions and to provide clearer funding arrangements, thus boosting access and
continued development (Fig. 6).

In such a rapidly evolving technology, the international dimension must also be taken
into account - and particularly the US context, where much biomarker innovation is taking
place. By comparison with the EU, where the implementation of new (but already belated)
regulations on in vitro diagnostics and medical device regulation (IVDR and MDR) has been
partly delayed, some countries provide regulations that guarantee a more rapid deployment
of new techniques. [7] With respect to CDx, the FDA has developed processes for the qualifi-
cation of biomarkers, and diagnostic tests that measure a biomarker may follow the estab-
lished regulatory decision processes for evaluating companion diagnostics, or even be
dispensed from that obligation in the case of a biomarker for a single drug development
programme. In vitro diagnostics are regulated by the FDA and Japan’s Pharmaceuticals and
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Medical Devices Agency (PMDA) [8]. When novel targeted therapies are approved by the FDA
and the PMDA, there is a close link with the approval of related companion diagnostic tests.
This is of course something of a special case. Even if, in due course, the same comes to apply
in Europe, it is only one among a range of possibilities. Meanwhile, Europe faces particular
difficulties, as outlined below [7]. Regulatory approval is only the first (yet very important)
stage in the access pathway for biomarkers. Other hurdles include reimbursement and
assessment (effectiveness, added value), especially when it comes to innovative biomarkers.
Challenges for equal access to companion diagnostics in Europe relate to the variation of
approaches for assessment and reimbursement across and within Member States, the general
lack of link between assessments and decision making, and the lack of established clear
processes for reimbursement, funding and uptake of diagnostic innovation. Access decisions
are often based on different and imprecise processes, procedures and requirements, slowing
adoption of companion diagnostic tests and subjecting the tailoring of clinical and economic
evidence to uncertainty. And even where the funding mechanisms ensure these tests are
reimbursed by insurance companies or healthcare providers immediately, it remains a major
struggle to integrate multiple biomarkers into multi-gene panels. The uncertainty on access,
funding and uptake of molecular diagnostics, such as companion diagnostics, has a direct
negative influence on investment decisions, further hampering progress and the integration
of innovation. The long-drawn-out and still non-applied modernisation of relevant EU legis-
lation - with its definition of companion diagnostics and its new challenges in shifting from a
positivelistapproach toamore flexible risk-based approach, raisingissues of global alignment,
scientific and analytical validity, and clinical performance - has done little so far to ease the
challenges (Fig. 7; Tables 2-4).

Against this background, this paper aims to stimulate discussion on how the energy
behind ongoing EU policy moves can serve to make the best use of current biomarkers, and
to drive forward innovation in the field. This ambition has two aspects: a pragmatic agenda
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New regulation on in vitro diagnostic medical devices
(regulation (EU) 2017/746)
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Fig. 7. Revision of the EU medical devices legislation. Adopted on April 5, 2017, publication in OJ-EU, May 5,
2017.

Table 2. Companion diagnostics: new EU definition

Art. 2(7) IVDR

“Companion diagnostic” means a device which is essential for the safe and effective use of corresponding
medicinal product to: (a) Identify, before and/or during treatment, patients who are most likely to benefit
from the corresponding medicinal product, or (b) identify, before and/or during treatment, patients likely
to be at increased risk of serious adverse reactions as a result of treatment with the corresponding
medicinal product.

IVDR Article 48(3)
For companion diagnostics the notified body shall consult the concerned competent authority designated
in accordance with Directive 2001/83/EC or the European Medicines Agency (EMA), as applicable.

ANNEX IX, Chapter 1l - 5.2.

The notified body shall, before issuing an EU technical documentation assessment certificate for the
companion diagnostic and on the basis of the draft summary of safety and performance [...] consult one of
the competent authorities [...] regarding the suitability of the device in relation to the medicinal product
concerned.

forimmediate improvements, and - more idealistically - developing a vision of what dramatic
further contributions biomarker testing could deliver with greater resources and policy
commitment.

Already, in 2020, a broad arsenal exists of valuable biomarkers, but earlier policy deci-
sions continue to influence - and in some ways hinder - their deployment even in generating
a minimum level of provision, and it is possible to identify many of the changes needed to
overcome unwarranted obstacles. At the same time, the current armoury is also an eloquent
herald of what could be achieved by the deployment over the medium term of the more
advanced biomarkers now emerging or in imminent prospect. The realisation of these possi-
bilities depends largely on policy choices: Europe can install wide access to high-quality
testing with a minimum level of service. It can also choose to begin a move beyond a merely
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Table 3. The EU’s new In Vitro Diagnostic Regulation

The EU’s new In Vitro Diagnostic (IVD) Regulation (IVDR) applies on the 26th May 2022 and
replaces decades old legislation. This new regulation will require commercial IVD manufacturers,
who wish to market their IVDs across the EU, to comply with stringent requirements relating to
product development, performance evaluation, data reporting and quality assurance. In addition,
the EU IVDR will impact public and private laboratories, who produce lab-developed tests (LDTs)
or “in house production” tests, as there will be a requirement to justify their development and use
where commercially available tests exist. Where a single healthcare institution proceeds with
offering an LDT, they will be required to meet all the relevant requirements for safety and
performance, providing a justification for not using a commercially available CE-marked IVD,
carrying out the manufacture under an appropriate quality management system and making
publicly available certain details of the LDT.

As aresult, IVD manufacturers producing commerecially available CE-marked IVDs can expect
higher costs and longer timelines for developing new products, as well as costly new clinical
monitoring and evidence generation to recertify many existing products. Furthermore, in many
cases, public labs, relying upon the development and use of LDTs across their health organisation,
may be required under the IVDR to utilise the commercially available CE-marked IVD.

The regulation will take effect across all member EU states on 26 May 2022, profoundly affecting
business and operating models of all IVD companies and public labs.

Table 4. Recommendations

The European Commission should consider a 12-month postponement of the date of application
of the IVDR to mitigate capacity challenges within the notified bodies and the effect of COVID-19
on European stakeholder’s preparations for this new regulation. This would be in line with a
recent decision for a 12-month postponement of the MDR.

The European Commission’s Medical Devices Coordination Group and the member states’
National Competent Authorities for IVDs should develop clear guidance for public and private
laboratories on how they should move forward with the development of lab-developed tests
under the new regulation.

Table 5. Recommendations to the EU

The European Commission to update by 2021 its recommendation on early detection strategies
allowing for risk stratification through molecular diagnostics/biomarker testing.

European health authorities to put in place a policy framework to support diagnostics in the EU
by 2022, with a ring-fenced budget allowance for biomarker testing development (clinical
validation). Research on biomarkers discovery and early testing should also be a matter of
concern as well as adequate funding.

The EU to agree by 2023 a business model for public-private cooperation for optimal biomarker
testing available across the EU.

The EU to provide guidance on minimal testing standards and resource allocation by 2025.

The EU to establish a framework for quality of testing and value of diagnostics information, with a
fast track approval mechanism for biomarker validation.

The EU to facilitate centralised and standardised registries of diagnosis including sequence and
biomarker data, pre-analytical sample metadata, treatment and outcome.

pragmatic approach, and aim for an ideal level of provision in an optimum setting - embracing
the accelerating pace of science and technology, so as to provide increasingly sensitive results
and still greater healthcare improvements. There are, in effect, two questions: what policy
framework could ensure a high-quality minimum biomarker testing context across the EU in
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Fig. 8. Minimum testing: drivers, problems, objectives, inputs, results and impact.

the short term, and the longer-range question of how health might be improved in a scenario
of optimum biomarker testing availability [9].

The minimum and optimum: in both paradigms, the aim is to secure the best standard of
care for patients, but within the objective limitations of resources, capital (human, financial,
infrastructure, etc.) from country to country, region to region, even hospital to hospital. The
perfect scenario where resources were not an issue would be the optimum. The minimum
would be the basic testing on actionable biomarkers that should be made available across the
EU in the immediate future, accompanied by efforts to scale up towards the optimum as
quickly as circumstances permit. This paper does not seek to identify specific tests that should
be provided in each scenario, but to set out the policy and healthcare infrastructural require-
ments that would be needed to support these two paradigms (Table 5).

Minimum Testing
The initial and immediate need is for a framework that provides a minimum level of
biomarker provision across Europe - an “essential package” on the testing that needs to be

offered to all EU patients for diagnosis and prevention over the next 5 years, detailing the
type, the technique and the methods of implementation, and ensuring access to high-quality
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Fig. 9. VODI - value of diagnostic information.

biomarker testing in time to inform treatment decisions, backed by clarity over reim-
bursement, and up-to-date testing guidance to clinicians. This would be a definition of
minimum testing standards and provision, so that currently available technology and
knowledge is used to deliver health gains to patients and families across Europe. This would
lead to actionable biomarker tests that are fully and clearly funded, to clarity for clinicians on
where and when tests should be performed within a system capable of allowing for changing
testing needs. Testing data would be captured to inform service improvement, benchmarking
and research. And new tests would be rapidly made available to patients [3, 10].

Figure 8 offers a schematic summary of what a minimum service in biomarker testing
might bring - and of the steps that would be necessary to achieve it.

The impact: more informed treatment decisions and increased access to targeted treat-
ments, with improved outcomes. And in parallel to issues of treatment, biomarker testing has
value along the whole pathway, prevention to monitoring. There would also be more equal
access to knowledge of biomarker status and targeted treatments, between and within coun-
tries, and across different patient populations - with clearer understanding of value of diag-
nostic information (VODI) (Fig. 9).

Even a cursory glance suggests that this minimal objective is still far from being achieved. In
cancer, which is the disease area best served at present by genomic/molecular biomarkers, a
minimum testing scenario should guarantee access for all patients to high-quality testing for
actionable biomarkers in time to inform treatment decisions. But there are wide variations in
provision across technologies, disease areas, patient populations, and across Europe, despite the
targeted cancer treatments that science is delivering [11], and most importantly early detection
and even prevention. Europe’s apparatus for product approval of biomarkers is under-developed,
lacking the clearer procedures - and related support - for obtaining drug approvals. Uneven avail-
ability of biomarker testing from country to country - or hospital to hospital - inhibits treatment
decisions and is compounded by the uncertainties over reimbursement status for biomarker
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Table 6. Short-term solutions for Member States

e Inthe short term, Europe should provide widespread, consistent access for cancer patients to
clinically meaningful testing results based on long-term validated biomarkers (e.g., EGFR, HER2,
ALK, etc.).

e [tshould offer “essential packages” on the testing (type, technique and methods of
implementation) around diagnosis and prevention at an EU level.

e [tshould recognise the business and value case to define infrastructure to deliver testing
requirements.

e [tshould require validated testing to be provided only by labs that are ISO15189-accredited (or
equivalent) and that uphold standards throughout Europe.

e [tshould set up procedures to capture and share efficiency and outcome data from testing.

e Itshould build the evidence base on biomarker testing, and define how this is accessed, such as
on a pan-cancer registry across the EU.

e [tshould establish a multi-disciplinary steering group (including patients, evaluators and
industry partners) to determine what information needs to be provided to stakeholders
(including lab owners) and when, with particular emphasis on what information to give to
patients, when and by whom.

e  Provide guidelines on how clinically relevant biomarkers should be measured and reported.

tests. Awareness of, expertise in, the level of standardisation, the quality of the sample and capacity
for conducting tests are not uniform, and the collection, reporting and sharing of data on testing
and time to diagnosis are widely inadequate and heterogeneous across Europe [12].

Policymakers, practitioners and product developers face a barrage of challenges. There
is incomplete or deficient knowledge of the potential and the value of biomarkers - and of the
implications of their more widespread adoption, both in terms of opportunities for better
care,and in terms of the associated health system requirements for their effective deployment,
including resources and capacity for timely patient access. While the number and complexity
of available tests continues to increase and will continue at even faster pace in the near future,
inconsistency persists among evidence frameworks for diagnostics, and among standards for
demonstrating clinical utility, which has the effect of perpetuating inconsistency and uncer-
tainty on reimbursement arrangements [13].

In a minimum testing scenario, the objectives should include ensuring that all cancer
patients have access to standardised, high-quality clinically validated biomarker testing in
time to inform treatment decisions, backed by clarity over reimbursement; and clinicians
would be provided with up-to-date testing guidance. As a minimum, healthcare systems
across Europe should be able to manage changing needs and demand for tests, and operate
horizon-scanning processes for valuable innovations in hardware of tests, software of mech-
anisms and new definition of patients populations that may benefit from target treatments.
Then, equipped with quality metrics, authorities could plan workforce and infrastructure
modifications, and provide more refined guidance on testing.

If those inputs were in place, it would lead to actionable biomarker tests that are fully and
clearly funded, and to clarity for clinicians on where and when tests should be performed
within a system capable of allowing for changing needs. Testing data would be captured to
inform service improvement, benchmarking and research. And new tests would be rapidly
made available to patients [14].

The impact would be to provide more informed treatment decisions and increased access
to targeted treatments, with improved outcomes. There would also be more equal access to
knowledge of biomarker status and targeted treatments, between and within countries, and
across different patient populations. Better and quicker translation of research into outcomes
would also result (Table 6).

1
Karger <

15



Biomed Hub 2020;5:511209
Biom ed icine DOI: 10.1159/000511209 © 2020 The Author(s). Published by S. Karger AG, Basel

www.karger.com/bmh
Hub

Horgan et al.: Bringing Greater Accuracy to Europe’s Healthcare Systems:
The Unexploited Potential of Biomarker Testing in Oncology

Practical Cases

Some concrete examples of what can - and could - be done in specific diseases offer illus-
trations of the merits - and the current limitations — of biomarker testing, in identifying
predisposition to disease, in assisting diagnosis and monitoring of disease, in indicating how
adisease may develop, and in predicting the likelihood of a patient benefiting from a particular
treatment option.

Breast Cancer

In breast cancer, testing of tumour biopsy now makes it possible to identify certain muta-
tions that drive treatment resistance (notably PIK3CA - which, additionally, is often missed
in current routine testing). This already permits better risk assessment of patients, and also
assists the search for therapies that specifically target these mutations, so that testing can
then help guide treatment decisions [15].

Prognostic testing for early stage breast cancer has been available in the US since 2004,
but EU adoption was much delayed. While now partially available in 12 EU countries, such
tests are still limited. Multi-gene expression profiling can prognose outcomes in early stage
breast cancer, informing decisions over hormonal treatment, chemotherapy, radiotherapy or
surgery. This can support clinical decision making in patients with early stage breast cancer
by identifying those who may require adjuvant chemotherapy, and those for whom hormonal
treatment is adequate [16].

In a minimum scenario, validated tests should be available for patients at the right time
for, for instance, PIK3CA-mutated, advanced or metastatic breast cancer. Wider use of NGS
should reveal more than the current single gene testing, liquid biopsy could replace the need
for tumour tissue testing, allowing identification of variants quickly and with increasing
affordability, and testing protocols should be developed to support fully informed treatment
decisions for the greatest number of patients [17].

Breast cancer has led the way with prognostic and predictive biomarkers. Long- estab-
lished predictive biomarkers include oestrogen receptors (ER)-progesterone receptors (PR)
for predicting response to endocrine therapy and HER2 for predicting response to anti-HER2
therapy. These predictive biomarkers should be used in the neoadjuvant, adjuvant and
advanced disease settings [18]. Newer predictive include BRCA1/2 mutation for predicting
response to PARP inhibitors and PIK3CA mutations for predicting response to alpelisib (in
combination with fulvestrant). Both these newer predictive biomarkers should only be used
in patients with advanced breast cancer [19].

Established and recommended prognostic tests in patients with ER-positive, HER2-
negative, lymph node disease include the multianalyte tests such as uPA-PAI-1, Oncotype DX,
MammaPrint, EndoPredict, Breast Cancer Index (BCI) and Prosigna (PAM50). Oncotype DX,
MammaPrint, EndoPredict or Prosigna may be similarly used in patients with 1-3 metastatic
lymph nodes. The main use of these tests is in identifying newly diagnosed breast cancer
patients whose outcome is so good, that they are unlikely to benefit from adjuvant chemo-
therapy [20].

Ovarian Cancer

Ovarian cancer - the deadliest gynaecological cancer - still has limited screening
options for early stage diagnosis. If germline mutations are identified in genes such as
BRCA1 and BRCAZ2 that increase the risk of ovarian cancer, patients can undergo risk-
reducing surgery. This may also supportidentification of potentially at-risk family members
through cascade testing, or the offer to germline testing to the direct family members of a
positive patient.
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It is recommended and well accepted to test any new high-grade ovarian cancer patient
for mutations, particularly BRCA1 and BRCAZ2. If a BRCA1/2 mutation is found in a patient
(which may be results of either an inherited mutation or a spontaneous mutation on the
tumour itself), this information can be used to guide therapy. Since 2008, evidence-based
guidelines have recommended that all ovarian cancer patients be tested for BRCA1 and BRCA2
mutations, but relatively few have a recorded test. Testing now impacts the type of treatments
for which these patients are eligible, and the low level of BRCA testing in this population means
that significant opportunities exist to improve cancer prevention and treatment [21, 22].

In advanced ovarian cancer, tumour BRCA (tBRCA) testing can detect both germline
(inherited) and somatic (spontaneous) mutations, to identify patients for targeted treatment,
and germline BRCA (gBRCA) testing can detect inherited mutations to identify patients for
targeted treatment, which can significantly reduce the risk of disease progression or death.
Testing is also important for cancer prevention for family members of patients with an
inherited BRCA mutation, since they have an increased risk of developing some kinds of cancer.

For the future, add-on tests may complement BRCA to better determine eligibility for
targeted treatments [23].

Prostate Cancer

PSA is a protein almost exclusively produced by the being prostate epithelium and in a
majority of prostate cancer cells. Although itis a unique biomarker in blood for early detection
of prostate cancer, it has been criticised for not being a specific test at moderately elevated
levels. Opportunistic screening with a single PSA test has led to the detection and over-
treatment of indolent tumours. The introduction of multiplex test (like PHI, 4K score and
STHLM3), with different forms of PSA together with age, previous negative biopsies and
family history increase the specificity of detecting significant cancers. Although recom-
mended in guidelines, some of these are currently expensive and not commonly available, but
the approach should be factored into refining diagnostic and therapeutic strategies [24]. The
decisions on whether a patient at risk needs a biopsy (or a further biopsy) or on the right
treatment for a diagnosis can also be assisted by multiparameter magnetic resonance imaging
which is considered as an imaging biomarker for significant disease.

Multi-gene expression profiling can prognose the aggressiveness of prostate cancer and
can support clinical decision making in patients with indeterminate risk based on other
testing data. Commercially available tests are frequently used in the Unites States but not in
Europe. They may have a role in treatment decisions but only together with available clinical
parameters as recently reviewed by a panel expert initiated by the ASCO guidelines group
[25]. These gene profiling tests for prostate cancer require further validation, especially in
prospective trials before they can be generally recommended for routine clinical use.

The frequency of somatic mutations is low in newly diagnosed prostate cancer; however,
in castration-resistant disease, aberrant gene expression is more commonly found related to
the androgen receptor, TP53, SPOP, PTEN and other genes. The well-documented germline
mutation - BRCA2 - leading to breast and ovarian cancer is also important for the devel-
opment of prostate cancer, and it has been integrated in some algorithms on early detection
(next to African American origin, familial predisposition and high rapidly increasing PSA) [26,
27]. Genetic testing for BRCA2 and other DNA repair genes is now routinely performed to
identify responders to the Poly (ADP-ribose) polymerase inhibitors (PARP) inhibitors
(olaparib, rucaparib, niraparib, talazoparib) which illustrates precision medicine in advanced
prostate cancer.

For the future, decentralised prognostic test kits could enable in-house testing of blood
or urine. Similarly to PARP inhibitors, new drugs need to be implemented with the companion
diagnostics in precision medicine [28, 29].
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Non-Small Cell Lung Cancer

In non-small cell lung cancer, where large numbers of actionable genetic abnormalities
are susceptible to targeted therapies, the current range of tests for mutations identifies
patients that are eligible for targeted therapies. Clinical validation study results have been
published for a variety of biomarkers, and make it possible to avoid giving expensive and non-
effective drugs to patients that are not likely to respond [30].

Accessto targeted therapies for lung cancer depends on accurate identification of patients’
biomarkers through molecular (mutational) testing, but survey results suggest that many
clinicians in several countries are unaware of evidence-based guidelines that support the use
of molecular testing. More than 6 of 10 respondents (61%) report that molecular testing rates
are less than 50% in their country. Nearly 4 in 10 surveyed (39%) were not satisfied with the
conditions of molecular testing in their country, citing concerns with the time it takes to receive
results, the reliability of samples and difficulty understanding results. Continuous education
around the value of information provided by molecular testing in lung cancer should be inten-
sified at national and international levels to ensure patients receive optimal therapy [31].

A wide range of possibilities are emerging for biomarker testing in defining lung cancer
options, ranging from optimised image-based screening, the use of autoantibodies or other
circulating biomarkers such as microRNAs, protein panels and other. Sensitivity or specificity
of early detection may be improved through panels of cancer antigens measured in serum or
in plasma, or even novel NGS of circulating tumour DNA, which could improve diagnostic
accuracy [32]. Further ahead, options may include the use of exhaled breath condensate for
cancer detection, or enhanced cytology techniques based on sophisticated image analysis
algorithms and with artificial intelligence, which could add sputum as an additional useful
non-invasive body fluid to identify biomarkers in the context of lung cancer screening [33].

But multiple research challenges face biomarker development and validation in the
context of lung cancer screening, where the interaction between genetics and external factors
is multidimensional and hard to control. And so many biomarkers are approaching clinical
validation that the field is in great need of standardised metrics of clinical utility - as it is
across all cancer types [32, 34].

The EU should promote early detection programs (high-risk population screening) of
new tumour types, for example lung cancer. Efforts should be placed on an analysis of the
potential health benefits of lung cancer screening at the EU high-risk population level. Well-
validated biomarkers, analysed within the low-dose CT programs, may help to refine cost
effectiveness and accuracy of early detection.

The EU and member states should ease regulatory barriers to data transmission and the
transport of human samples to permit large international multi-centre clinical validation
studies of biomarkers (especially early diagnostic and prognostic biomarkers), which require
large and long-lasting cohorts [35].

For the future, the range of testing in the context of drug response-predictive biomarkers
should be expanded to cover all actionable mutations. Mutational panels testing should be the
preferred choice in the short term as more actionable biomarkers are approved, transitioning
to NGS in the long term.

Colorectal Cancer

Molecular testing for colorectal cancer helps to guide decisions, adapting treatment to
targeted therapies to reduce the risk of disease progression or death. Germline testing can
also detect inherited mutations to identify patients belonging to families with a high risk of
cancer.

Forthe future,improved clinical, histological,and molecular characterisation of colorectal
cancers would allow the development of new targeted therapies, and the use of immuno-
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therapy for microsatellite instability positive colorectal cancer (which is currently available
only in therapeutic trials). Circulating tumour DNA identified in ccfDNA analysis could also
be used to detect disease progression earlier, leading to different and potentially more
effective treatments [36].

Thyroid Cancer

Several genomic alterations relevant across the different histological types of thyroid
cancers are driven by molecular biomarkers, including BRAF, NTRK, mTOR, RAS and RET
[37]. Knowing the oncogenic molecular driver helps to determine the aggressiveness of the
tumour and/or to identify the mostappropriate systemic or targeted therapy. Some molecular
markers are indicators for the aggressive behaviour associated with tumour dedifferenti-
ation, including p53, PIK3CA, CTNNB1 and AKT1. Mutation in the telomerase reverse tran-
scriptase (TERT) promoter can be a marker of malignancy as well. BRAF mutation detected
through molecular testing may indicate a need to treat the tumour more aggressively. NTRK
gene fusion testing can help in guiding treatment of individuals with advanced solid tumours.
RET testing for both germline and somatic mutations is helping clinicians to better identify
the patients eligible for targeted therapies, and also to prevent the development of thyroid
cancer in patients with inherited RET mutation [38].

Despite knowledge of oncogenes (for more than 25 years in respect of RET [39], NTRK
[40] and BRAF) [41], biomarker testing is not routinely performed for all of them. This results
in part from the focus of guidelines on clinically actionable biomarkers with approved ther-
apies, but also from the gaps in infrastructure and testing methodologies, such as single gene
testing or a prioritisation of testing for the most common oncogenes.

Of the various methodologies used to detect genomic alterations, NGS gives the most
comprehensive view across a large number of genes, identifying mutations, fusions and other
alterations, using a minimal quantity of tissue. However, this is not yet a routine in clinical
practice. Very recently, liquid biopsy has presented a new non-invasive source for monitoring
cancer genetics in the blood and is taken into consideration in several personalised thyroid
cancer diagnosis and prognosis strategies.
¢ At a minimum in Europe, all metastatic TC patients would be tested at diagnosis for all

potential actionable biomarkers (both somatic and germline mutations in the case of

medullary thyroid cancer) before treatment decision. Tests would become available and
reimbursed on approval of the targeted treatment, with guidelines updated and imple-
mented accordingly.

e Inanoptimal testing scenario, all thyroid cancer patients would benefit at diagnosis from
a routine incorporation of quality comprehensive genomic testing in clinical practice
(tissueorliquid samples), the testing results would reach the HCP in time for the treatment
decision, and all biomarker tests would be reimbursed. Each thyroid cancer patient
should be considered with regard to their genetic background to choose the exact thera-
peutic component.

Patients with thyroid cancer ideally should discuss the role of genomic-biomarker testing
for the management of their cancer with their treating oncologist. The possibility of recog-
nising the genetic signatures associated with a poor prognosis among all the biomarkers
identified would represent a valuable diagnostic and prognostic tool to better stratify the
risks, prevention and potential use of targeted therapies.

Pan-Cancer

Across the entire range of cancer - “pan-cancer” - there is also rich potential in the inte-
gration genomic profiling, matching the right targeted therapy to the detected genetic aber-
rations, and evaluating treatment outcome. Applications combining testing using NGS with
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artificial intelligence and machine learning may ultimately help chart entire clinical pathways
[42, 43].

This would require a clinical infrastructure that could turn fit-for-purpose real-world
data into real-world evidence to help close evidence gaps, overcoming the deficiencies of
existing datasets, that are frequently incomplete, non-standardised, retrospective, non-acces-
sible, siloed and local [44-46]. The concept of a global or even pan European pan-cancer
registry, focussed on NGS testing, treatment selection and outcome, would provide a large
and high-quality data set and could offer valuable, much needed insights to help chart more
personalised clinical pathways and also provide valuable learning on what is needed to share
data across borders. The appropriate governance framework would need to be addressed but
could build on initiatives such as Million European Genome initiatives as well as the European
Health Data Space. Building such a large data set that links diagnosis including NGS and
biomarker testing, treatment and outcome data creates a new realm of opportunities, not just
in regards to the insights generated by the data itself but also in regards to taking learnings
from the challenges of setting up such an initiative. These insights are important on many
levels, they will help identify critical data variables and point to important data standards and
demonstrate where local regulations prevent or make it difficult to share data across borders.
In the context of data insights, valuable information pointing to current use of NGS tech-
nology, its impact on clinical decision-making and ultimately impact on patient outcomes is
equally important as well providing insights on how treatments were accessed by patients,
outcomes, in terms of real-world overall survival and progression-free survival, and best
clinical response. This could serve discussions of the use of real-world data to increase the
level of knowledge on personalised healthcare and support patient access to NGS testing and
innovative therapies [47-49].

Point of care for these ambitious plans is that the data should come from standardised
laboratories where samples are collected, transported, stabilised and stored under stan-
dardised conditions and include sample metadata on the complete preanalytical phase. This
way, the data can be compared and analysed as it is not polluted with irreproducible and or
unusable data for further analysis. The quality system ISO 15189 needs to be implemented in
these laboratories and complemented with the newly developed CEN and ISO pre-analytical
standards that recently have been [50-63] published to ensure the data is comparable with
results that are better reproducible.

The health cluster of Horizon Europe should prioritise research to allow better identifi-
cation/discrimination between significant and insignificant cancers and in areas of person-
alised cancer medicine. This should allow better identification of patients who will benefit
from a particular treatment, thus minimising costs for non-justified use of novel therapy
agents, and would delay onset of tumour progression on the basis of appropriate knowledge
on biomarkers and validated targets. In order to be able to achieve that goal, integrative
projects with novel models, bioinformatics analyses and advanced technologies should be
supported [64].

Lessons from the Case Studies

There are some important generalisations that arise from these case studies. Biomarkers
can help to diagnose disease, predict and guide treatment decisions, including determining
eligibility for targeted treatments. Advanced testing can provide more accurate or sensitive
additional information, widening testing options from protein-based to genetic, and from
single gene to NGS [2]. Data generated from the -omics allow the rapid identification and
quantification of thousands of molecules in a single process. Multi-gene testing can prognose
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Harmonize minimum testing package that
should be made available at the European level

Define the optimal testing package and
define a framework for implementation

Speed up access pathways and “bench-to-
bedside” process

Improve the optimal use of resources at a
country level and at a pan EU level to
speed up testing

Fig. 10. Tackling the unmet needs
in access to biomarkers testing.

outcomes and can also mitigate risk in families in cases of ovarian cancer: knowledge of BRCA
status can inform decisions about mitigating a person’s own risk, and support identification
of at-risk relatives [1].

Sampling is an issue. Some testing (gBRCA) can be conducted using blood or saliva, but
others require tumour tissue. This is the case for tBRCA in ovarian carcinoma or for PIK3CA
in breast cancer, and frequently for biopsies from metastatic disease in NSCLC, which is
obtained - not without difficulty - with a needle, producing only small (and sometimes poorly
informative) amounts of tissue (and with the risk that single site biopsy may not reflect the
entirety of genetic lesions in other metastatic sites). Plasma testing (liquid biopsy) can be
used in some scenarios for NSCLC (e.g., for EGFR mutation testing) or breast cancer (PIK3CA
mutation testing). There is a need to assess the best tissue type to obtain the best information,
for example by using a plasma ctDNA test or run both in parallel when a patient only has a
small tissue sample, to maximise the chance of a having all relevant biomarker information
available prior to treatment decisions being made.

Single hotspot mutation gene testing, still widely used, also has disadvantages. Where
plasma testing cannot be used, limited quantities of biopsy material present a problem when
multiple individual tests have to be conducted, and the optimal technology is not consistent
across the single biomarkers [65] (Fig. 10).

Collaboration has to be systemised to provide for the engagement of multiple specialties in
shifting testing objectives from risk assessment to informing treatment decisions. There are
specific obstacles that must be overcome if unmet needs are to be satisfied through greater
access to biomarker testing. Agreement would be needed on a harmonised package of testing
opportunities that should be available as a minimum across Europe. An optimal testing package
would also need an agreed definition. Access pathways would have to be speeded up to ensure
that valuable innovations became integrated into health systems. And to speed up testing itself,
the right resources would need to be deployed in the right way at national and European level.

Timing is also vital for early diagnosis, and efforts are needed to speed up all aspects of
the process: BRCA testing, for instance, has historically been delivered through clinical
genetics, with a timeframe not geared to informing treatment decisions. Timing is also linked
to capacity for handling the volume of tests needed, which usually grows continuously
following the introduction of targeted treatments. There is a particular need to overcome the
problem of timing in NGS studies.

1
Karger <

21



Biomed Hub 2020;5:511209

Biom ed icine DOI: 10.1159/000511209 © 2020 The Author(s). Published by S. Karger AG, Basel
www.karger.com/bmh
Hub

Horgan et al.: Bringing Greater Accuracy to Europe’s Healthcare Systems:
The Unexploited Potential of Biomarker Testing in Oncology

Table 7. Recommendations healthcare system - stakeholders recommendations

e  Healthcare systems across Europe to create a systematic reference framework for clinical
laboratories.

e  Regulators, HTA evaluators and payers to align on standardised outcome measures, systematic
data collection, and data standards and sharing.

e Developers of biomarker tests to support applications with robust data.

e Developers of biomarker tests, PAGs, HCPs medical societies to cooperate on information and
education.

e Drugand diagnostic developers, clinicians, biologists, biostatisticians and digital technology
groups to cooperate on pan-cancer studies.

e Laboratories to obtain the general medical laboratory standards ISO 15189 or equivalent
accreditation and undertake a minimum of 100 testing per month.

e Laboratories to obtain accreditation on the pre-analytical ISO/CEN standards.

e  (Central biobank facility at each medical academic centre collecting biomaterials from the existing
diagnostic pathways for research accredited for the general biobank standard ISO 20387 and the
pre-analytical ISO CEN standards.

It is necessary to determine the optimal sequencing of tests, for instance so that BRCA
tumour and germline tests can support fully informed treatment decisions for the greatest
number of patients - and to meet different needs for consent and counselling. The choice and
sequencing of tests also has implications for tissue acquisition - for instance where it requires
involvement of clinicians, surgeons and pathologists.

The uncertainty around commissioning and reimbursement is repeatedly reflected in
discussions about testing needs across a range of tumour types, including when determining
eligibility for some targeted treatments reimbursementis an issue. Coverage demands remain
long and difficult to fulfil for novel biomarkers. There are no guarantees for manufacturers of
the adequate reimbursement of tests, and reimbursement requests could take many years
before a public (or private) reimbursement is issued. Determining the value of information
brought by testing is the primary challenge to the existing reimbursement mechanisms.
Predictive biomarker testing should only be performed in close context to clinical treatment
decision, i.e. in multidisciplinary tumour boards, so as to avoid testing that is unnecessary and
not clinically informed. But access to testing is also inhibited by the lack of awareness of
genomic testing possibilities among key stakeholders, and by evidence requirements for the
adoption of tests that set disproportionately demanding criteria [66].

There are complexities still to be resolved - such as the impact on demand for testing as
a consequence of approval of targeted treatments in new indications, the introduction of new
tests in the same indications to identify different sub-groups of patients, or the interplay
between risk assessment and treatment decision-making [67].

And there are opportunities still to be explored - such as providing simpler testing kits
for complex conditions, and notably the development of blood biopsy, or the convergence of
complex test offerings with predictive protein-, genetic-, epigenetic-based biomarkers or NGS
panels, orthe developmentofpredictive potential of prognostictests (effectively as companion
diagnostics) with emerging drugs.

All types of data are in need of urgent improvement. Agreement is needed on the metrics
needed for clinical outcome measurements, for defining the evidence framework, for gener-
ating the evidence to support the wide range of stakeholders - clinicians, researchers, payers,
policymakers. The better capture of data at different stages in the treatment pathway is a
further challenge [68] (Table 7).
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Wider Lessons

The opportunities and challenges illustrated by these case studies on cancer are repli-
cated across the wider field of healthcare - and their enumeration here should be a spur to
reflection among policymakers as to how the opportunities can be leveraged.

Insufficient Access

Molecular diagnostics are not yet well embedded into clinical practice in Europe, so
access remains unequal across countries and sometimes even within individual countries,
where regional or even local health systems are in place. In some cases, regulatory environ-
ments are blamed: advocates of multi-gene expression profiling in breast and prostate cancer
complain of an “unrealistic evidentiary burden, including requirements for long-term
prospective studies analogous to therapeutic trials” [7].

Access in terms of adoption and uptake is also governed by local regulations: in some
countries, only testing for clinically actionable mutations is available, and not broader NGS
panels. Reimbursement and value assessment also remain major hurdles, as the responsible
national and regional authorities often reach divergent decisions, sometimes with unreal-
istic desires for demonstration of immediate cost savings. Many payers expect diagnostics
to be at least cost-neutral and are often resistant to appreciating the value in terms of infor-
mation that these technologies may bring to clinical decision-making and to healthcare
systems efficiencies. HTA and payer evaluations are more complex and variable, because of
the many groups involved. Heterogeneous expectations, resulting from varying national
priorities and cultural differences, result in different HTA recommendations on the same
intervention. The biggest issue for biomarkers that are assessed via HTA is the non-fit for
purpose methodology (often too close to HTA as used for pharmaceuticals). Value of diag-
nostic information provides an alternative assessment framework beyond conventional
cost-effectiveness metrics.

Also, the HTA recommendation is often not linked to a reimbursement decision. Reim-
bursement decision-making for precision medicine and biomarker testing remains the
responsibility for each country. Payers are reluctant to finance new biomarker tests until they
are proven to be of value, and also because of costs. Value-based access programs, or “coverage
with evidence development” programs can address open questions that payers might have,
and at the same time ensure timely access - but they do not exist for IVDs. This can create
challenges for labs preparing for new medicine launches, leading to a lag before testing is fully
implemented.

The problem is amplified by a lack of reliable evidence, such as robust data, to provide a
strong, long-term cost-benefit supporting argument. There is still a lack of centralisation of
data in Europe, despite advances made by some countries at national level. In addition, there
is no clear funding structure for the implementation of biomarkers into clinical practice. One
of the consequences for companion diagnostics is to aggravate the time lag between drug
approval and approval for the corresponding test in Eastern European regions [69].

There is insufficient familiarity in health systems with complex testing systems. Reim-
bursement of biomarker tests that are matched to treatments with positive clinical trial data,
or for patients with single mutations, is often easier because of the link to a single medicine.
In these cases, it is clear that performing the biomarker test is useful and provides access to
treatment that improves a patient’s chance for survival and quality of life. The problem arises
when health systems need to be able to assess value in more complex testing services, such
as testing for biomarkers that look at monitoring disease or patients’ health, or that predict
whether a patient will have an adverse reaction to a medicine. And even then, reimbursement
remains a challenge.
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Guidelines related to HTA methodology for companion diagnostics and IVDs often do
not account for the specificities of the diagnostic component, and they often include methods
very closely related to that used to assess medicines, posing unrealistic and non-fit-for
purpose evidence requirements which further impede value demonstration and patient
access. The siloed nature of resource allocation within certain healthcare systems also
repeatedly delays diagnostics commissioning. In some countries, reimbursement of labora-
tories will not cover testing for abnormalities that are not part of a hospital’s approved
formulary, on the grounds that the health service is not responsible for paying for research.
Because the generation and implementation of biomarker tests is a multi-step and multi-
stakeholder process, from the initial research for the assay to application into clinical
practice, it is particularly vulnerable to siloed budgeting in healthcare systems, which tend
to split spending into separate headings for medicines, staff, technology, and so on. In this
context, biomarker testing is seen as a grey area for funding, as it sits between research and
care for patients - leaving ambiguity over whether it is the responsibility of hospitals,
industry or the central health system [70].

The lack of clear funding structures impedes adoption of biomarkers in clinical practice.
Diagnostics account for <2% of total healthcare spending and influence 60% of clinical
decision making, but the reimbursement policy framework today fails to take this into account
and urgently needs updating [71]. What is currently missing for innovative diagnostic tech-
nologies is a dedicated and specific reimbursement pathway, on the basis of the value of infor-
mation delivered, implemented consistently across Europe. Models of well-evolved HTA
mechanisms - if connected to a reimbursement decision - would inspire other countries
withoutrelevantstructures. In such asystem, decision makers, including HTA bodies informed
by input from patients, would define evidentiary standards for diagnostics and would commit
to pay for products that met them. Companion tests approved through the European system
would be granted rapid reimbursement, and specific budgetary provision would be made for
tests. Public-private cooperation would lead to wide testing availability across the EU in the
medium term. The fact that medicines and medtech have two different access pathways
(including regulatory approval) is the true challenge [72].

There are also the different forms of value that diagnostic information can provide,
depending on the perspective and motivation of each group of stakeholders. For patients, it
can offer clinical benefit, empowerment or satisfaction. Healthcare systems stand to gain new
efficiencies through patient triage and reduction of health deterioration through disease
progression. Healthcare providers can benefit from faster turn-round times of patients, and
HCPs can improve patient management through improved clinical response.

Even when a biomarker test has been granted reimbursement, implementation in clinical
practice is a further hurdle. Stakeholders must structurally prepare local testing sites,
including reviewing capacity, standardised infrastructure, staff training and investments, and
discuss where in the patient pathway the testing will take place. Additionally, further testing
may be needed once a patient has disease progression to metastatic cancer, as individual
metastases may acquire new mutations. Expertise mustalso be recruited to carry out different
aspects of the process related to biomarker testing, such as interpreting biomarker-related
genomic data from DNA sequencing in the context of the disease, artificial intelligence, infra-
structure management for the logistics of transporting samples for analysis and genetic coun-
sellors. And at all times, the test must meet the technical and quality standards to assure
consistent results across all testing sites. Understanding is needed of the infrastructure and
quality assessments for appropriate testing to be made available throughout a country,
including integration of the test into current treatment algorithms (relating to its place in the
complex diagnostic/treatment pathways and multiple lines of therapy for many cancers, for
instance). Testing standards and guidelines - on issues such as pre-analytics cut-off thresholds
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Fig. 11. Multi-stakeholder engagement, pragmatism and focus to secure improvement.

and day-to-day practices — must be determined with laboratories, areas where standardi-
sation and harmonisation are still absent. Quality assurance standards and external
assessment mechanisms should be implemented to ensure biomarker test quality across
providers with remediation mechanisms for laggards.

Implementation strategies require an understanding of the infrastructure and quality
assessments required as they will influence costs. This could result from integrating a
biomarker test into current treatment algorithms or providing the necessary expertise to
carry it out. Additionally, biomarker tests need to meet technical and quality standards to
ensure consistent results. Barriers here include lack of clarity, at the point of reimbursement,
on the implementation procedures, and lab and regional variability in testing quality due to
alack of implementation standards on sample and testing quality [14, 73].

Among countries that provide for coverage of potential biomarkers in certain diseases
(e.g., breast cancer), some have established pathways. But this is not widespread in Europe.
And for other disease areas (e.g., pancreatic cancer), pathways need to be set up, which can
cause delays (Fig. 11; Table 8).

Insufficient Alignment

Some drugs approved for targeted use are not available because patients lack clear access
to the related diagnostic biomarkers. Even when a test has been approved, reimbursed and
incorporated into clinical guidelines, it can still take up to a year or more for the test to be
routinely integrated into clinical practice. (This can mean patients missing out on EMA-
approved and nationally reimbursed treatments during that interval [67].)
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Table 8. Recommendations to Member States

e  Member states to agree on a federated structure of national databases.

e  Member states should ensure that new validated biomarker tests are rapidly made available to
patients.

e  Member States have incentivized the development and uptake of biomarkers of limited interest to
commercial companies (early detection biomarkers & risk biomarkers).

e  Member states/EMA to better synchronise CDx approval processes with drug approval.

e  Member states to provide infrastructure for CDx evaluation and demonstration of clinical utility.

e  Member states to provide clarity on funding routes for biomarker testing.

e  Member states to allocate resources specifically for discovery and validation of biomarkers, and
promote engagement between payer organizations, biomarker developers and the wider
healthcare stakeholder community (vertical integration and horizontal integration).

e  Member States to ensure horizon scanning processes are in place to support early
multi-stakeholder engagement on potential challenges for reimbursement and implementation
of new tests, and to ensure clear reimbursement structures are in place for biomarker testing.

The advantages of companion diagnostics are well recognised, in principle: EMA’s Phar-
macogenomics Working Party sees biomarkers will increase in importance in the context of
medicine development, and the EMA’s revised guideline on the clinical evaluation of anti-
cancer medicinal products offers guidance on regulatory expectations for biomarker-guided
development. There is no serious dissent from the view that they provide valuable infor-
mation, allowing patients, health practitioners and payers to decide with a higher level of
certainty about the potential benefits of a treatment or care pathway, with consequent
benefits in the efficient selection of treatments and care, targeted at subpopulations that are
most likely to benefit [3]. There are also indications of their economic value, even if defi-
ciencies in relevant clinical and economic evidence and the plausibility of assumptions can
make the economic case for precision medicine a challenge to demonstrate. Some diagnostics
can make a clear case for bringing indirect economies: predictive molecular tests such as the
Oncotype DX® test in early stage breast cancer have the potential to pay for themselves by
reducing chemotherapy use and cost, but because those costs are borne by different budgets
within the healthcare system, no one party has a clear incentive to fund the test to recoup the
savings and spare the patient unnecessary chemotherapy. A multi-gene recurrence score
assay companion diagnostic test to select breast cancer patients who will not benefit from
additional chemotherapy has demonstrated savings in the United States in terms of adjuvant
chemotherapy, supportive care, and management of adverse events of USD 1,930 per patient
tested. By using KRAS companion diagnostic testing to select KRAS wild-type metastatic
colorectal cancer patients suitable for EGFR inhibitor therapy (cetuximab or panitumumab),
USD 7,500-12,400 per patient could be saved in the United States and EUR 3,900-9,600 per
patient could be saved in Germany with equivalent clinical outcomes. Using KRAS testing
would save over EUR 11 million per year in Germany. The consequence is more efficient use
of healthcare resources while optimising patient outcomes [74].

But in Europe (in contrast to the US and Japan), the adoption of novel biomarkers and
companion diagnostics is far from straightforward. Although they account for a very small
proportion of EU spending on in vitro diagnostics, companion diagnostics do not enjoy recog-
nition by health systems of the value they bring to personalised healthcare, and coverage for
many companion diagnostic tests varies across Europe, with different time-frames, different
value assessments, different criteria, different authorities, and different updating schedules.
This inhibits patient access to personalised treatments and care, preventing improved
outcomes.
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Their approval is also complicated by the fragmented nature of market access frame-
works for diagnostic tests in many European countries, where non-alignment with specific
funding and reimbursement mechanisms disincentivises their use. Despite the dependence
for success of personalised medicine on the performance of the diagnostic test in terms of its
sensitivity, specificity, accuracy and precision, the regulatory approval process in the EU for
a diagnostic test and a corresponding medicine remains largely disconnected. The new EU
IVDR legislation - still not yet applied - provides a definition for a Dx as a device essential for
the safe and effective use of a corresponding medicinal product to identify patients most
likely to benefit or likely to be at increased risk of serious adverse reactions. It also establishes
a link between the assessment of a CDx by a notified body and the corresponding medicinal
product by a medicine regulatory authority or EMA. But more dialogue is needed between
medicine authorities, device authorities and notified bodies on establishing the details of the
consultation procedure [75, 76].

Access to precision medicine is impeded where reimbursement decision-making differs
widely between a medicine and a companion diagnostic, and an alignment of the decision-
making processes merits consideration. The uncertainty on access, funding and uptake of
moleculardiagnostics,suchascompaniondiagnostics,alsohasadirectinfluence oninvestment
decisions. As higher uncertainty leads to lower access to external funding for the development
of innovative molecular tests, innovation may be hampered.

The situation in Europe contrasts with the US experience, where the FDA has developed
processes for the qualification of biomarkers and other medical product development tools,
underscored by legislation, and that permits automatic approval for a biomarker in a single
drug development program, relying on direct communication in dialogue between sponsor
and reviewers. The result is that companion diagnostics are frequently approved and reim-
bursed at a suitable level concurrently with therapies developed for the specific patient
subpopulations selected [8].

Data Deficiencies

Advances in genomic sequencing mean that generating genomic data is no longer a major
barrier, and the main challenge is being able to interpret a genomic finding in the context of
the individual patient. That requires the knowledge gained from data at a population level to
sort through the “noise” of variation in an individual’s genome and to identify an individual
change or pattern that may be unique to an individual.

Data collection, data quality, data standards and data interoperability are notoriously
deficient in many of Europe’s health and research systems - aside from the Netherlands,
where testing standards and quality are high because biomarker testing is channelled
through certified laboratories with fixed guidelines, strict protocols and standardised assays
[77]. However, even there the quality of the sample and standardisation needs tobe improved.
To improve reproducibility, not only ISO 15189 is important, but should be complemented
with standards on the pre-analytical phase. This would increase the data quality and interop-
erability due to the addition of sample metadata on the complete sample pre-analytical
phase.

For biomarker testing, data is the indispensable component of credibility - and as long
as datais seenas sub-optimal, any technologies dependent on it will remain marginal. Without
clear directives on quality standards for different biomarker tests, the consequences could be
inaccuracies in lab reports, or results that may need further clarification. For policy makers,
with the volume of biomarker tests that are coming through for reimbursement, presented
data may be conflicting, confusing or, from their perspective, potentially biased based on
where the information is coming from, and may create confusion on priorities for decision-
making.
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Variability in testing quality and accuracy of results not only across Europe, but also
nationally between labs, causes a lack of confidence in biomarker testing as well as the data
acquired from the tests [78].

There is a parallel issue with information. Europe-wide levels vary in background
knowledge and literacy on biomarker education, as well as learning motivation, across stake-
holders and geographical regions. There is a lack of understanding of the value of the infor-
mation delivered by biomarker testing due to knowledge gaps across stakeholder groups and
unbalanced knowledge across disease areas. When stakeholders are unconvinced of the value
of a biomarker test, even if it is available, they are not likely to recommend it, provide reim-
bursement or ask for it. Patients who may benefit from it, members of multidisciplinary teams
who may recommend it, physicians who may prescribe it, laboratories who may provide
results from it, and medical societies who will write guidelines about it - they all need clear
information about the test’s purpose, characteristics and benefits, backed by reliable data.
With new technologies being implemented constantly, all types of stakeholders find it difficult
to keep pace with what is available, and while there is wide support for the concept of health
literacy, it is not always clear who should be providing that information [79].

Striking examples of the perils of inadequate data have been provided by the COVID-19
pandemic. It has highlighted the impotence that results from insufficient data. More collection
of data from more testing would have aided understanding of different spikes, and planning
of where resources should be allocated, of who to test and how to test, and how to treat and
follow up patients more effectively, and what preventative measures should be put in place.
It has also revealed gaps in capacity, both in developing and producing test Kits, and for
expertise in conducting and processing tests at scale and speed. And it has given new currency
to discussions of who qualifies for testing — only symptomatic patients, or asymptomatic too?
The pandemic is raising awareness among clinicians and driving testing practice. It remains
to be seen whether it will lead to more funding and capacity for biomarker testing in general,
and to making effective tests more readily available across a broader range of health issues
[80].

There is a need for concise, accurate and directed education around biomarker testing to
increase comprehension of how the information from biomarker testing impacts individual
stakeholder decisions, whether in choosing medicines, creating policies, or defining infra-
structure. Barriers include lack of understanding of the value of biomarker testing due to
knowledge gaps across stakeholder groups, and lack of resources for stakeholders to access
up-to-date information.

Potential Solutions

Along-overdue update to the European Commission’s 2003 recommendation on cancer
screening could provide a spur to remedial action across many of these urgent needs. The
update should reflect changing times, potential and new knowledge, so as, crucially, to include
provision for early diagnosis through molecular diagnostics/biomarker testing [81].

Funding Solutions

e Healthcare budgets and funding processes should be redefined, with immediate funding
clarity over biomarker testing reimbursement processes, specific budget allocations for
biomarkers and innovative medicines, and the gradual introduction of new models of
reimbursement.

e Decision makers should define the value considerations they seek from diagnostic tech-
nologiesand should committo pay for them, with adedicated value-based reimbursement
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pathway based on the value of information provided, clear evidence requirements, and
implemented consistently across Europe.

¢ Healthcare funding bodies should introduce rapid procedures for reimbursement of
biomarker testing at a suitable rate to incentive the use of IVDs.

e Member states should ensure that new biomarker tests are rapidly made available to
patients and should be open to dialogue with sponsors during development to address
potential challenges.

Data Solutions

e Biomarker testing should be of high standardised quality on high-quality samples, with
defined testing pre-analytical and analytical standards and clear criteria on minimum
performance characteristics of biomarker tests.

e Data sets accompanying biomarker tests should be robust and clearly demonstrate a
relationship between the biomarker and its expected value.

¢ Member states should each create a national system to validate and set up tests, and
Europe should move towards data centralisation, to permit the creation of robust data
sets across the continent to generate cost-benefit evidence. This should include clear
minimum criteria and formats for reporting in terms of standardised metrics taking
account different stages of testing.

¢ Data sharing policies across member states should be revisited to facilitate European
multi-institutional and multi-national studies every 3 years, with appropriate attention
both to the movement of data and relevant privacy legislation.

Europe-wide initiatives already underway for centralising genomic data may provide
some models. A repository for haematological malignancies for a 100,000-molecule database
is under construction as part of the Innovative Medicines Initiative’s “Big Data for Better
Outcomes” project, to bring biomarkers back to the clinic [82]. A European Commission
project to sequence 1 million+ genomes by 2022 has been signed up to by more than 20 coun-
tries, and EAPM’s MEGA+ initiative aims to facilitate the sharing of all relevant health data,
including - but going beyond - genomes [83]. A UK initiative is bringing together 1 million
patient years of precision oncology and knowledge to interrogate the data to advance clinical
implementation. “Until we learn from every patient, we can never full test the therapeutics
we need to test, and we cannot know how this will work and therefore we won'’t be able to
progress at a fast rate,” according to its officials. France’s Médecine Génomique 2025 also
encompasses research and enterprise, and there have been significant long-term investments
and strategies relating to genomics in Estonia, Denmark, Iceland, and Finland [84].

Information and Education Solutions

e  Stakeholders should receive tailored biomarker education to ensure appropriate timing
and breadth of information, including ethical and compliance considerations.

e Theshort-term focus should be on educating groups highly influential in widening access
to biomarker testing, notably payers.

e Biomarker education should be maintained to keep stakeholders upskilled so that they
can make informed decisions.

¢ Information bearers should be identified at a Europe-wide and member state level, along
with support for their role and visibility.

Tailored biomarker education should ensure appropriate timing and breadth of infor-

mation per stakeholder (i.e., patients and carers, HCPs, policy makers, payers, government
officials, etc.), with priority to payers. EMA'’s “regulation for 2025” urges support for develop-
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ments in precision medicine, biomarkers and ‘omics, and early engagement with novel
biomarkerdevelopersto facilitate regulatory qualification. Italso planstoreviewits biomarker
validation process to encourage greater uptake and use, and to evaluate, in collaboration with
HTAs, payers and patients, clinical outcomes measured by biomarkers. It also plans a process
for multi-stakeholder scientific advice to support development of medicine-device combina-
tions, qualification methodologies and the use of companion diagnostics [85].

Implementation Solutions

e Early engagement with regulatory bodies should be routine to address challenges and
provide clarity on the infrastructure needed.

¢  Countries should allocate funding to support this.

e National authorities should pre-emptively organise meetings or courses on how to
implement biomarker tests and provide clarity for all stakeholders on the procedures
needed to implement a biomarker test, to allow timely access across testing centres.
The cumulative effect of such improvements in the context for biomarkers should, at a

future date, also underpin a situation which might be described as optimum testing.

Optimum Testing

In an optimum biomarker testing scenario, excellent clinical teams all over Europe would
deliver a high standard of care for every patient with cancer. Complex multi-modality teams
of experts, adequately trained in molecular diagnostics, would be the norm to allow effective
decision making as more information and more biomarkers become available. Pan-cancer
studies would operate on the basis of standardised data between multiple platforms, with
agreed criteria among different groups of researchers to work on the data and present the
results. Registries for each disease area would provide more robust data sets - including the
patient’s disease history, outcomes, treatments and genomic aspects, and information on the
use of biomarker tests themselves, such as how often and on which patients [86] (Fig. 12).

Accredited testing facilities for ISO 15189 (or equivalent) complemented with the pre-
analytical ISO/CEN standards is needed for reproducibility and generation of useful datasets
and registries. In addition, scientific medical studies based on biomaterials derived from
patients should also use the ISO/CEN pre-analytical standards to collect the samples. This can
best be organised in centralised biobank facilities in every academic medical centre, which
are for the collection of the biomaterials integrated in the existing diagnostic pathways and
accredited for ISO 15189 (or equivalent) and the complementary pre-analytical ISO/CEN
standards. This way, the scientists use standardised samples to discover biomarkers which
are better reproducible in the validation process needed for the test to become a diagnostic
test [14]. The sample metadata describing the complete pre-analytical phase of the sample
needs to be included in the publication can be used to analyse and define the precisely needed
pre-analytical conditions for a robust test result. Most importantly, pre-analytical conditions
not favourable for good test results can be recognised and avoided. In addition, samples that
are not reliable for the test can be recognised before they are going to be used and can be
rejected.

The complementary pre-analytical ISO/CEN standards published so far describe: DNA,
RNA and ccf DNA isolated from venous whole blood, RNA, DNA and proteins isolated from
FFPE tissues or frozen tissue DNA isolated from saliva, DNA, RNA isolated from circulating
tumour cells (CTCs) from venous whole blood staining of CTCs and metabolomics in urine
serum and plasma [55-63]. More documents of the pre-analytics series are expected in the
near future.
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Fig. 12. Optimum testing: challenges, objectives, inputs, results and impact.
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This scenario looks expensive and difficult to organise, but the return on investment
would feature rapid validation of new biomarkers, reimbursement of testing, quality-assured
laboratories in all regions, wide horizon scanning, constant updating of guidance, refined
testing algorithms, and fast turnaround times of testing to allow early diagnosis. Early
engagement with policy makers, budget holders and assessors during the development of a
biomarker test would clarify challenges to reimbursement and implementation, with data on
health, economics, patient outcomes and usage demonstrating how the test provides value to
the healthcare system. Specifically, for companion diagnostics, clear, transparent and timely
market access processes would be put in place in all European health systems, overcoming
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Table 9. Recommendations to EMA

e  EMA to progress its plans for early engagement on regulatory qualification of novel biomarkers.
e EMA to review its biomarker clinical and analytical validation process.

e EMA to evaluate clinical outcomes measured by biomarkers.

e  EMA to progress multi-stakeholder scientific advice on the use of companion diagnostics.

silo budget structures, and with reimbursement processes recognising the value of diagnostic
information, and backed by funding streams and uptake mechanisms [87].

There would be coordination at European level among member states to support better
use of molecular diagnostic testing and to adapt healthcare systems accordingly. EMA would
ensure that the latest scientific and technological knowledge was built into medicines devel-
opment to benefit public health. There would be less invasive sampling methods for diag-
nosis, simpler testing kits for complex conditions based on the development of blood biopsy
where appropriate, the convergence of complex test offerings with predictive NGS panels,
and the full development and acceptance of the predictive potential of prognostic tests with
emerging drugs.

Infrastructure would support large screening platforms to identify target populations,
and lifelong monitoring would deliver meaningful information in terms of early diagnosis on
risk prediction, molecular and physiological phenotyping and treatment outcomes. Regulatory
procedures across Europe would be simplified, aligned and predictable. Dialogue would be
routine among decision-makers and manufacturers from early in development. Regulatory
pathways would be adapted to promote efficient development of new diagnostics and ther-
apies, and evaluation pathways adapted to promote efficient and rapid uptake [88, 89].

Early engagement would also allow stakeholders to structurally prepare local testing
sites, ensure capacity, infrastructure and investments, and discuss where in the patient
pathway the testing will take place. It would allow laboratories to determine any testing stan-
dards and guidelines for each biomarker, such as quality assurances, cut-off thresholds and
day-to-day practices, to provide for equal access to the same testing (Table 9).

Exploiting Genomics to the Full: The Need for a Policy Framework

A policy framework for biomarkers in the EU would guide member states and facilitate
consistent decision making, allowing molecular diagnostics and biomarkers to be integrated
into the EU’s divergent healthcare systems. The EU Cancer Plan would establish access to
advanced diagnostics, with appropriate funding, providing all citizens with the right to
molecular diagnostics. All relevant factors for each patient would be fed into a personalised
probability distribution for any given outcome. The clinician could combine elements of
evidence from different sources, from molecular biology to randomised trials, and adjust
probabilities of a treatment’s benefit to the single patient, rather than just to an average. This
would make it possible to view the patient’s profile in the context of other patients also
susceptible to treatment. And by making these factors explicit, the chances would be raised
of improving care, by permitting comparison of assumptions as well as outputs [4].

Fast and effective sequencing technology coupled with reduced costs would enable
increasing volumes of data to be assimilated on individual patients and their diseases, pre-
and post-treatment. The scope of the molecular information that will be available to clinical
researchers, and eventually treating physicians, would expand dramatically, and this detailed
information would make it possible to tailor medical interventions, including combinations,
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to individual patients at first diagnosis and throughout the course of their disease as poten-
tially new variants arise and response to treatment diminishes.

Advantage would be taken of genomic data’s potential to match the genomic profile with
clinical data generated with similar or overlapping profiles and predict potential outcomes.
Routine use of comprehensive genomic sequencing, computational power and advances in
bioinformatics would allow the analysis of complex genome datasets in real time, generating
a dynamic pool of curated genomic and clinical data, drawn from multiple sources. New appli-
cations of NGS, e.g. RNA sequencing, would enable the analysis of gene expression in tumour
samples supply additional information to DNA sequencing. This, together with, for example,
proteomic approaches will add further insights into the functional role of genomic altera-
tions. Some applications combining testing using NGS with artificial intelligence and machine
learning may ultimately have the potential to help chart entire clinical pathways [17]. Arti-
ficial Intelligence may provide advice for a given specific patient to the clinician, based on the
analysis and processing of a multitude of data of a multitude of similar patients. That will
require broad multi-institutional and international efforts throughout the EU to feed the
emerging Al-based algorithms with well-curated data [90].

Extensive molecular testing would overcome the limitations of serially applied single
biomarker tests and circumvent the limitations of tumour biopsy size and availability. Longi-
tudinal sequencing of circulating tumour DNA from ccfDNA would alert to emerging resis-
tance and permit the optimal combination or sequence of treatments.

A paradigm shift could result from the understanding that genomic instability and intra-
tumour heterogeneity drive disease evolution and the dynamic nature of the disease over
time. It could be driven by growing portfolios of targeted agents with well-characterised
predictive molecular markers, and by comprehensive sampling of tumour DNA (including
ccfDNA) during the disease course. Molecular characterisation, in combination with novel
treatment approaches including immunotherapies and antibody drug conjugates, would lead
to significant improvements in patient outcomes [91].

Acceptance of the Economic Case

The necessary framework for real-world evidence would be supplied by alignment of
regulators and - as well as patient representatives, HPCs and industry in multi-stakeholder
alignment - on standardised outcome measures, systematic data collection, and agreement
on data standards and sharing [92]. That way, the value of the information generated by the
test could be demonstrated, and could influence care, patient outcomes and resource allo-
cation. The value of data informed by molecular diagnostics would be recognised, improving
clinical decision-making and therapy selection. The EU would also have to put in place single
market authorisation for biomarker testing, alongside a systemic approach to validation of
biomarker tests, reimbursement and funding metrics [93, 94].

New pricing and reimbursement models would reward innovation and value specific to
diagnostics, recognising the value of the information, including in bringing greater certainty
in treatment decision making, and adopting a cross-silo approach to healthcare spending.
Better alignment between financial incentives and the comprehensive value of new molecular
tests would allow more equitable access to these new tests [87].

Fuller embrace ofadvanced biomarker testing would demonstrate how precision medicine
could improve the relative cost effectiveness of care by exploiting patient level heterogeneity
in cost and outcomes. Mechanisms that reveal previously unobserved inter-patient heteroge-
neity via advanced testing would increase the accuracy of predictions of outcomes [95].

Recognition would multiply the cost-effective use of healthcare resources by accurately
targeted treatment, improved population health outcomes and reduce the quantity of adverse
drug reactions (and the associated cost of their management) [96].
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Integration of evaluation and reimbursement models would avoid variable and discon-
nected assessment of supporting evidence for the medicine and its companion diagnostic.

Knowledge of biomarkers is already driving progress toward broader tests that include
dozens or hundreds of genetic variants, depending on sophisticated algorithms for interpre-
tation and use. Consensus would be reached among the stakeholders on robust procedures
and measures of value, with aligned reimbursement processes for precision mechanisms and
subsequent treatment, based on transparent expectations for evidence requirements and
study designs adequately matched to smaller target patient populations. And aligned
processes for the constituent components of precision medicine would remove uncertainty
in the potential for return on investment.

The value of biomarker testing in providing information that can rule out disease risks
or the need for certain downstream tests or treatments would be accepted by HTA agencies,
and the value perspectives for HCPs, patients and health systems would be recognised.
Expansion toward broader testing approaches (e.g., whole genome sequencing) will deliver
still more information to broaden the options for ruling out conditions or therapies - which
would also be accounted for in value assessment. Data from the leveraging of RWE would also
increase the recognition of the merits of biomarker testing [74].

Responding to Opportunities from Advanced Medicine

Benefits for patients and PAGs would emerge in earlier diagnosis, better care, and assis-
tance in decisions regarding life choices, with improved outcomes in survival, life expectancy
and quality of life. Benefits for HCPs (including pathologists, oncologists and researchers)
would include access to deeper analysis of a disease so as to differentiate the diagnosis, and
to provide direction on the application of specific treatments. Innovation would be brought
into healthcare systems faster with real-world data structured to provide the evidence for
decisions. Benefits for payers would include a systematic reference framework for clinical
laboratories to support market selection of accurate and reproducible tests, providing greater
confidence. And with economic evaluation of precision medicine becoming an iterative
process with constant generation of new evidence, rather than a one-time standalone activity,
it would allow more refined estimates of the impact on patients’ long-term cost and health
outcomes of using a diagnostic test in clinical practice [91]. Benefits for policy makers would
include the potential to identify and reduce disease risk through prevention, early detection
and treatment identification, as well as to monitor the effectiveness and choice of treatments,
with full support from real-world data. Wide access to quality biomarker testing for early
identification of cancer patients, with earlier treatment and consequently better outcomes,
would bring cost savings for the health-care system.

Gene therapy is being developed for subtypes of inherited retinal diseases which will
require an accurate diagnosis. An NGS gene panel test has been developed to conduct diag-
nosis at this level of sensitivity, superseding the single and time-consuming Sanger sequence
test for each suspected gene. The diagnostic information from the panel test will also reveal
the mutation status of patients who are eligible for targeted gene therapy.

The development of liquid detection technologies that use blood or other bodily fluid
samples rather than tissue will permit rapid identification of biomarkers with increasing
affordability, allowing more precise treatment monitoring.

Precision medicines targeting multiple markers in a single treatment are also beginning
to evolve, with the potential to replace existing therapies or combinations. As disease
progresses, the process behind these treatments may ultimately enable iterative development
of a truly individualised therapy customised to disease progression, improving effectiveness
to the point of transformative disease knockdown or cure effect [97, 98].
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Conclusion: A Seismic Shift in Healthcare Strategy

Increased molecular understanding is transforming the prospects for healthcare, and
molecular diagnostics are opening the pathway to a shift in healthcare strategy. Molecular
testing has informed some major preventative public health strategies - such as the signif-
icant reduction in cancer mortality. This is the threshold of a new future in which emphasis
will shiftaway from treating illness and move toward maintaining the health of the individual.
Early diagnosis and personalised healthcare will have a central part to play, particularly in
the cancer arena. The objective for all stakeholders should be to see discovery “hits” trans-
lated into robust but affordable clinical “wins” for patients.

The EU is itself in constant evolution, both organically, as its competences are progres-
sively refined, and in response to changes in the world it inhabits. In healthcare, its evolution
is marked not only by the emergency of the COVID-19 pandemic, which has largely monopo-
lised the attention of all the major EU institutions throughout most of the early months of the
year, but also by the constant increase in morbidity, which now affects more than its ageing
population. 2020 was already designated as the year for action against cancer, with two
parallel initiatives, and for the initiation of a European Health Data Space and a new Pharma-
ceutical Strategy. It is an appropriate moment also for it to review its approach to testing as
an intrinsic element in an integrated health strategy. In these straitened circumstances, a
reappraisal of the significance and potential of biomarkers can provide the EU and its citizens
with a much-needed immediate up-tick in quality and accuracy of care, and a change in policy
that holds out the prospect of a radical transformation of care in coming years as the full
benefits of an optimum approach to the use of biomarkers begin to be felt.

Recommendations

Recommendations to the EU

e The European Commission to update by 2021 its recommendation on early detection strat-
egies allowing for risk stratification through molecular diagnostics/biomarker testing.

e European health authorities to put in place a policy framework to support diagnostics in
the EU by 2022, with a ring-fenced budget allowance for biomarker testing development
(clinical validation). Research on biomarker discovery and early testing should also be a
matter of concern and funding-promoting policies.

¢ The EU to agree by 2023 a business model for public-private cooperation for optimal
biomarker testing available across the EU.

e The EU to provide guidance on minimal testing standards and resource allocation by
2025.

e The EU to establish a framework for quality of testing and value of diagnostics infor-
mation, with a fast track approval mechanism for biomarker validation.

e The EU to facilitate centralised and standardised registries of diagnosis including
sequence and biomarker data, pre- analytical sample metadata, treatment and outcome.

¢ The European Commission should consider a 12-month postponement of the date of
application of the IVDR, to mitigate capacity challenges within the notified bodies and the
effect of COVID-19 on European stakeholder’s preparations for this new regulation. This
would be in line with a recent decision for a 12-month postponement of the MDR.

¢ TheEuropean Commission’s Medical Devices Coordination Group and the member states’
National Competent Authorities for IVDs should develop clear guidance for public and
private laboratories on how they should move forward with the development of lab-
developed tests under the new regulation.
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Recommendations to EMA

EMA to progress its plans for early engagement on regulatory qualification of novel
biomarkers.

EMA to review its biomarker clinical and analytical validation process.

EMA to evaluate clinical outcomes measured by biomarkers.

EMA to progress multi-stakeholder scientific advice on the use of companion diagnostics.

Recommendations to Member States

Member states to agree on a federated structure of national databases.

Member states should ensure that new validated biomarker tests are rapidly made
available to patients.

Member States to incentivise the development and uptake of biomarkers of limited
interest to commercial companies (early detection biomarkers and risk biomarkers).
Member states/EMA to better synchronise CDx approval processes with drug approval.
Member states to provide clarity on funding routes for biomarker testing.

Member states to allocate resources specifically for discovery and validation of
biomarkers, and promote engagement between payer organisations, biomarker devel-
opers and the wider healthcare stakeholder community (vertical integration and hori-
zontal integration).

Member states to ensure horizon scanning processes are in place to support early multi-
stakeholder engagement on potential challenges for reimbursement and implementation
of new tests, and to ensure clear reimbursement structures are in place for biomarker
testing.

Healthcare System - Stakeholders Recommendations

Healthcare systems across Europe to create a systematic reference framework for clinical
laboratories.

Regulators and payers to align on standardised outcome measures, systematic data
collection, and data standards and sharing.

Developers of biomarkers to support applications with robust data.

Developers of biomarkers, PAGs, HCPs medical societies to cooperate on information and
education.

Drug and diagnostic developers, clinicians, biologists, biostatisticians and digital tech-
nology groups to cooperate on pan-cancer studies.

Laboratories to obtain the general medical laboratory standards ISO 15189 or equivalent
accreditation and undertake a minimum of 100 tests per month.

Laboratories to obtain accreditation on the pre-analytical ISO/CEN standards.

Central biobank facility at each medical academic centre collecting biomaterials from the
existing diagnostic pathways for research accredited for the general biobank standard
[SO 20387 and the pre-analytical ISO CEN standards.

Data Solutions

Biomarker testing should be of high quality, with defined testing pre-analytical and
analytical standards and clear criteria on minimum performance characteristics of
biomarker tests.

Data sets accompanying biomarker tests should be robust and clearly demonstrate a
relationship between the biomarker and its expected value.

Member states should each create a centralised national system aligned with European
standards to validate and set up tests, and Europe should move towards data centrali-
sation, to permit the creation of robust data sets across the continent to generate cost-
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benefit evidence. This should include clear minimum criteria and formats for reporting
in terms of standardised metrics taking account different stages of testing.

e Data sharing policies across member states should be revisited to facilitate European
multi-institutional and multi-national studies every 3 years, with appropriate attention
both to the movement of data and relevant privacy legislation.

Information and Education Solutions

e Stakeholders should receive tailored biomarker education to ensure appropriate timing
and breadth of information, including ethical and compliance considerations.

¢ The short-term focus should be on educating groups highly influential in widening access
to biomarker testing, notably payers.

e Biomarker education should be maintained to keep stakeholders upskilled so that they
can make informed decisions.

¢ Information bearers should be identified at a Europe-wide and member state level, along
with support for their role and visibility.

Implementation Solutions

e Early engagement with regulatory bodies should be routine to address challenges and
provide clarity on the infrastructure needed.

e Authorities should pre-emptively organise meetings or courses on how to implement
biomarker tests.

e Authorities should provide clarity for all stakeholders on the procedures needed to
implement a biomarker test, to allow timely access across testing centres.

The last decade has seen a remarkable technological explosion resulting in an entirely
new field designated as “omics.” The application of high-throughput techniques for profiling
DNA, RNA and protein in breast cancer samples from hundreds of patients has profoundly
increased our knowledge of breast cancer. However, many gaps in our knowledge remain, and
these will require a long process of extended clinical correlation studies, deeper integrated
“omic” analysis and functional annotation to fill. The major issue that arose during the web
consensus is the increasing gap between what is theoretically feasible in patient stratification
(genomic testing, NGS approach, disease segmentation) and treatment (dual targeting, inte-
gration of targeted agents) and the daily practice. Can we really transfer into daily clinical
practice the huge amount of “omics” data? This is a major concern shared by all oncologists.
Access to innovation for patients is the issue: how to speed it up? The same limitations are
related to clinical practice in the case of expensive drugs to be integrated in patient management
(dual targeting in HER2-positive breast cancer). We really believe this is a major political
issue: How to create access to innovation for citizens, bridging the gap between clinical trials
and daily practice? In many of European countries, many innovative therapies or diagnostic
tests are notyet approved or reimbursed. We need to find a new path to access innovation that
wouldtranslateclinicalresearchintodaily practice. Potential solutions for furtherimprovement
must entail new biology-driven approaches, since optimisation of conventional treatments
has in many cases reached its limits. The introduction of drugs that are less toxic, more targeted
and more costly than those currently used necessitates a partnership between clinical and
translational researchers, the pharmaceutical industry, drug regulators and patients and their
families. This therapeutic alliance will ensure that efforts are focused on the unmet clinical
needs of patients with breast cancer. The immediate priority for patients with cancer is to
improve access to an affordable, best standard of care in every country. A strong link between
quality of care and research activity is dependent on national resources and health-care prior-
ities being aligned to support the improvement of care for patients with breast cancer. To
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ensure continued innovation that meets the needs of patients, the therapeutic alliance between
patients and academic-led research needs to be extended to include relevant pharmaceutical
companies and drug regulators. The other key issue around national planning is the increasing
complexity of managing the rare and heterogeneous types of cancers with the increasing
number of drugs specific for subpopulations. This difficulty creates the need for specialised
centres of excellence and referral pathways as important components of care planning,
increasing networking in national and continental healthcare programs. For access to inno-
vation for cancer patients, we need to bring together major players from the world of breast
cancer research to map out a coordinated strategy, on an international scale, to address this
fragmentation. Many programs and investigators are pursuing their own separate paths in
relative isolation and generating data without establishing how best to integrate their data
with the larger research community. We need a coordinated, collaborative, communal effort
to improve access to an affordable, best standard of care for every patient in every country.
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