\J
7
V' v

eunethta

EUROPEAN NETWORK FOR HEALTH TECHNOLOGY ASSESSMENT

SECOND DRAFT Reflection Paper

Personalised medicine and co-dependent technologies, with a special

focus on issues of study design




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

EUnetHTA JA2 Reflection Paper on personalised medicine and co-dependent technologies

WP7

The primary objective of this EUnetHTA JA2 WP 7 methodological reflection paper
is to focus on methodological challenges encountered by HTA assessors while
performing relative effectiveness assessments (REA) of (co-dependent) health
technologies in the emerging field of personalised medicine (PM).

The reflection paper aims to contribute to the ongoing discussion, both within
EUnetHTA and with external stakeholders, about appropriate methods for the
evaluation of PM technologies and lays the initial groundwork for the development
of a comprehensive guideline with detailed recommendations for HTA and REA in
this field.

As such, this reflection paper presents non-binding views and statements of
EUnetHTA network members on the topic of PM.

In no way does it represent the official opinion of the participating institutions or
individuals.
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This methodological reflection paper on “Personalised medicine and co-dependent
technologies, with a special focus on issues of study design” has been developed by
IQWIiG - GERMANY
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99 Summary

100 The relevance of personalised medicine (PM) for patient care and the health care system
101  in general is a subject of intense discussion, often accompanied by great expectations and
102 promises concerning the patient-relevant benefit of PM technologies. A sharp increase in
103 the dissemination of PM into the health care system is therefore to be expected. The

104 reflection paper aims to contribute to the ongoing discussion, both within EUnetHTA and
105 with external stakeholders, about appropriate methods for the evaluation of PM

106 technologies. It also aims to support the development of a future methodological

107 EUnetHTA guideline on PM containing detailed recommendations on various aspects from
108 the health technology assessment (HTA) perspective. The working definition of PM for this
109 reflection paper is taken from a recent systematic review conducted to understand how the
110 term “PM” is actually used in scientific practice: “PM seeks to improve stratification and
111 timing of health care by utilizing biological information and biomarkers on the level of

112  molecular disease pathways, genetics, proteomics as well as metabolomics” [1]. This

113  definition clarifies two aspects: (i) PM refers to groups of patients (i.e. does not actually
114  lead to truly individualised interventions), and (ii) these groups are defined by biological
115 information and biomarkers. The authors of this reflection paper postulate that in general,
116  the existing HTA methods are appropriate tools for the assessment of PM technologies
117  and that no specific new methods need to be developed. However, existing methods may
118 need to be adapted. The reflection paper discusses the impact of four main study designs
119 on the benefit assessment of PM technologies: (i) randomise-all, (ii) enrichment, (iii)

120 single-arm, and (iv) biomarker-strategy design. These designs were identified in a recent
121  systematic review. Several modifications are available and can also be combined with

122  each other (hybrid designs). Whether the use of a specific design is appropriate depends
123  on what question is asked and whether the assumptions made to interpret the results are
124  acceptable. In the assessment of PM, as in most medical technologies, randomised

125 controlled trials (RCTs) represent the highest level of evidence. However, such studies are
126  rarely conducted within the context of PM, except for the enrichment design, which has
127  some limitations. Due to this lack of direct high-quality evidence, some HTA bodies adopt
128 a so-called “linked evidence approach” in the evaluation of co-dependent PM technologies.
129  Other HTA bodies regard this approach as an “interim solution” associated with various
130 methodological weaknesses. To infer from the current paucity of RCT-based evidence that

131  lower-quality study designs should be used to assess PM technologies increases the risk
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132  of biased conclusions in HTA. On a system level this may reduce the incentive to conduct

133  more studies with higher-level evidence.
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1. Introduction

1.1. Problem statement

The relevance of personalised medicine (PM) for patient care and the health care system
in general is a subject of intense discussion, often accompanied by great expectations and
promises concerning the patient-relevant benefit of PM technologies [2-5]. A sharp
increase in the dissemination of PM into the health care system is to be expected: An
analysis from 2012 of the clinical pipelines of 21 leading pharmaceutical and biotechnology
companies showed that between 12% and 50% were PM technologies [6]. In addition,
substantial resources are being invested in PM. For instance, in the USA, President
Obama has allocated $215 million of the 2016 budget to a major research programme,
the “Precision Medicine Initiative”, focussing on the development of more and better
treatments for cancer [7,8]. Furthermore, between 2007 and 2012 an estimated €1 billion
was invested in the promotion of PM technologies within the context of the Seventh EU

Framework Programme for Research and Technological Development (FP7) [9].

This raises questions about the challenges involved for HTA bodies regarding the
assessment and reimbursement of PM technologies. For instance, diverging opinions exist
on whether or not new HTA methods are needed in this regard (e.g. [10-17]). These issues

need to be discussed within the HTA community.

Various definitions of individualised or personalised medicine are available [18]. A broad
one is provided by the European Alliance for Personalised Medicine: “A targeted approach
to the prevention, diagnosis and treatment of disease based on an individual’s specific
profile” [19]. A German working group conducted a systematic review to understand how
the term “PM” was actually used in scientific practice. On the basis of the definitions
identified, they derived the following “precising definition”: “PM seeks to improve
stratification and timing of health care by utilizing biological information and biomarkers on
the level of molecular disease pathways, genetics, proteomics as well as metabolomics”
[1]. This definition clarifies two aspects: PM refers to groups of patients (i.e. does not
actually lead to truly individualised interventions), and these groups are defined by
“pbiological information and biomarkers”. The diagnostic test (e.g. imaging or laboratory
biomarker) used to identify a specific patient group and the subsequent therapeutic
intervention are co-dependent technologies, that is, “their use needs to be combined

(either sequentially or simultaneously) to achieve or enhance the intended clinical effect of

DEC 2015 Internal draft document — Not for distribution / publication 7
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either technology” [20]. The diagnostic test is also referred to as a “companion diagnostic”
[21,22].

The above definition of PM by the German working group [1] leads to the term “stratified”
(or “precision”) medicine [23]. The two terms “ PM” and “precision medicine” are often
used interchangeably (also in scientific literature) [24]. “However, there was concern that
the word "personalised” could be misinterpreted to imply that treatments and preventive
measures are being developed uniquely for each individual; in precision medicine, the
focus is on identifying which approaches will be effective for which patients based on
genetic, environmental, and lifestyle factors” [25]. PM and precision medicine essentially
have the same goal, namely, “finding the best possible medicine and therapy for each and
every individual patient” [26]. Precision medicine can therefore be considered an
expansion of the PM concept and some researchers argue that the most recent term,

“precision medicine”, should be preferred to the term “PM” [27].

Another term often used in connection with PM is targeted therapy, a concept mostly used
in cancer treatment, which “relies on the existence of a defined molecular target...and/or

on the existence of a biomarker able to identify the target population...” [28].

PM “does not literally mean the creation of drugs or medical devices that are unique to a
patient” [29], such as prosthetics designed for individual patients or the individualised
processing of human cells and tissues (e.g. autologous stem cell transplants or patient-
specific cancer vaccines) [29]. This does not imply that such interventions do not require
evidence-based assessment; however, they do not form part of the common
understanding of PM as outlined in the definition above [1]. Furthermore, this definition

does not cover the individualised selection of treatments by means of n-of-1 trials.

1.2. Objective(s) and scope of the reflection paper

The reflection paper aims to contribute to the ongoing discussion, both within EUnetHTA
and with external stakeholders, about appropriate methods for the evaluation of PM
technologies. It also aims to support the development of a future methodological
EUnetHTA guideline on PM containing detailed recommendations on various aspects from

the HTA perspective. The paper discusses the impact of four main study designs on the

DEC 2015 Internal draft document — Not for distribution / publication 8
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benefit assessment of PM technologies. Its focus it thus rather narrow. The cost-
effectiveness assessment of PM, as well as legal, ethical, and societal implications, are
beyond the scope of the reflection paper. However, these aspects are discussed

elsewhere, for example, by Gutiérrez-lbarluzea on the basis of the EUnetHTA core model

[30].
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2. Study designs for the evaluation of biomarkers

This reflection paper discusses the four main categories of study designs aiming to assess
the patient-relevant benefit of PM technologies: (i) randomise-all, (ii) enrichment, (iii)
single-arm, and (iv) biomarker-strategy design. They were selected on the basis of a
systematic review that aimed to identify study designs used in the evaluation of prognostic
and predictive biomarkers and to develop a classification scheme [31]. To the best of our
knowledge, this review is so far the only one of its kind. Several modifications of these

study designs are available and can also be combined with each other (hybrid designs).

Enrichment, randomise-all, and biomarker-strategy designs are studies where different
interventions or strategies are compared in parallel in groups of patients. Basically, the
allocation of patients to groups does not necessarily have to be conducted in a
randomised manner. However, randomisation is the only known form of allocation that
generally results in equality of structure, and thus in the comparability, of study groups.
Conversely, this means that for non-randomised studies a far greater effort is required to
ensure sufficient similarity of structure. In addition, as greater variance can be expected,
larger sample sizes are usually required for non-randomised studies than for randomised

ones.

2.1. Randomise-all design

On the basis of the idea that the use of a biomarker can better select the patients for a
certain treatment and hence improve patient-relevant outcomes, the interaction between
diagnostic information provided by biomarkers and treatment effects needs to be
evaluated. This requires a comparison of treatments within the different biomarker strata.
Ideally this should be conducted by means of an RCT in which the biomarker test result
remains blinded. As all patients are randomised to the different treatment options
independently of their biomarker status, this type of design is referred to as a “randomise-

all” design (see figure 1). Alternative terms are described in Tajik et al. [31].

DEC 2015 Internal draft document — Not for distribution / publication 10
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P Legend

M, \ M C: Control; E: Effect; M: Marker status;
/®\ /®\ O: Outcome; P: Patients; R: Randomisation;

Strat: Stratification; T: Treatment; +: positive;

-: negative
O;. Oc. O Oc..

E, E

Figure 1: Randomise-all design

The following text describes the “simple” situation of a binary biomarker status (positive or
negative) and two treatment options ([experimental] treatment [T] or control [C]). However,
the basic principles can also be applied to more complex situations.

In the case of a qualitative interaction there is a reversal of effects, for instance, an
advantage of T over C in biomarker-positive patients, but an advantage of C over T in
biomarker-negative ones. A reversal of effects has rarely been shown in RCTs,
presumably because, if such effects were assumed, a study comparing treatment
alternatives in one of the two strata would not be regarded as appropriate, resource-
efficient, or ethically justifiable in the first place. An example of such a reversal of effects is
a study comparing first-line gefitinib therapy with standard chemotherapy (carboplatin plus
paclitaxel) in patients with epidermal growth factor receptor (EGFR)-mutation-positive or
negative advanced non-small-cell lung cancer (NSCLC) [32]. It is notable that the study
was not primarily designed to detect an interaction between marker status and treatment
effect, but to show the non-inferiority of gefitinib in the overall study population. Non-
inferiority was shown; however, the survival curves of the two treatment groups crossed,
which was ascribed to the interaction between marker status and treatment effect. In
Europe, gefitinib was subsequently approved for patients with EGFR-positive NSCLC [33].
An interaction can also be described as qualitative if an advantage of T is shown over C in
marker-positive patients, but no difference is shown in the marker-negative group. A well-
known example is the benefit of antihormonal therapy (e.g. with tamoxifen) in patients with
breast cancer depending on hormone-receptor status [34].

If treatment effects in the biomarker strata are in the same direction and only show
quantitative differences, this represents a quantitative interaction. This situation is common

and at the same time particularly problematical for the question of the benefit of a
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biomarker-based choice of treatment. If the “personalised” treatment under investigation is
only offered to patients in the subgroup where the greater treatment effect was shown,
then a potentially beneficial treatment may be withheld from the remaining patients. This
can only be justified if other reasons (e.g. adverse effects, costs) outweigh the (positive but
smaller) treatment effects in the remaining patients. A further point should be noted: If a
treatment effect is shown and the biomarker under investigation is of prognostic relevance
for the outcome of interest, then at least a quantitative interaction always exists. This
interaction is either on an absolute scale with a relatively constant treatment effect or on a
relative scale with an absolutely constant treatment effect (see table 1). If a biomarker is to
be used as a basis for the choice of treatment, a more than irrelevant quantitative
interaction must exist. The demonstration of such an interaction requires a general

consensus about the statistical methods to be applied.

DEC 2015 Internal draft document — Not for distribution / publication 12
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Table 1: Quantitative interaction in dependence on the effect scale

Failure rate Marker positive Marker negative Interpretation
100% -
90% —+
80% —
0% 77 60%
60% —T-
50% —
40% 7= 30% 30%
30% T
20% —— 15%
10% T .

ngfé er?clz?itol\r/we 50% 50% No interaction
Effect: absolute o o Quantitative
risk reduction 15% 30% interaction

100% —T

90% —T

80% -1

70% ——

60% —

509% — 45%

0% 30% 30%

30% —

10% —+ .
Effect: relative o o Quantitative
risk reduction 50% 33% interaction
E;ff (r:é di%?iglrl:te 15% 15% No interaction

. = Treatment . = Control

The advantage of a randomise-all design is that only this type of design is suitable to
assess the individual components of a test-treatment strategy and their interaction. The
following questions can be answered: “Is the treatment effective?” and “Is the biomarker
sufficiently predictive?” The disadvantage is that the direct (physical or psychological)
effects of the test (see Bossuyt and McCaffery [35]) on the patients cannot be assessed,
as all patients are tested.

In principle, a randomise-all design can be applied retrospectively if the biomarker

information is still available after completion of the treatment study [36]. However, two

DEC 2015 Internal draft document — Not for distribution / publication 13
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main problems arise here: Firstly, a multiple testing problem is created that basically
cannot be solved, but only restricted by the post-hoc formulation of a study objective in an
amendment to the original study protocol (e.g. including a definition of thresholds). This
type of study thus has a prospective-retrospective design [37]. Secondly, it must be
ensured that the diagnostic tests used in the original study to determine the biomarkers
and the subsequent treatments still represent current standards. It can be assumed that in
view of the abundance of “omic” information, prospective-retrospective studies will play an
increasing role in clinical research. To conduct these studies, data and samples from
clinical studies not directly related to the original study objective will need to be made

available and networks formed.

2.2. Enrichment design

In an enrichment design, only marker-positive (or sometimes only marker-negative)
patients are included in a controlled treatment study, that is, the study inclusion criteria are
extended by the marker status (see figure 2). Ultimately every clinical study with inclusion

and exclusion criteria is thus a study with an enrichment design.

/ P Legend
M, C: Control; E: Effect; M: Marker status;
/@\ O: Outcome; P: Patients; R: Randomisation; T:
T c Treatment; +: positive; -: negative; ?: no data

| |

E.

Figure 2: Enrichment design

Compared with the randomise-all design, the information is missing on the effectiveness of
treatment in patients with the excluded marker status. Instead, conclusions on the
(unfavourable, insufficient or lacking) treatment effects in the excluded group are drawn on
the basis of assumptions. However, as shown by the example of the impact of the human
epidermal growth factor receptor type 2 (HER2) status in women with breast cancer, even

highly plausible assumptions may be inaccurate or wrong. On the basis of

DEC 2015 Internal draft document — Not for distribution / publication 14
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pathophysiological mechanisms, only patients with HER2-positive tumours were supposed
to be treated in two pivotal studies of the monoclonal antibody trastuzumab, with beneficial
effects on disease-free and overall survival [38]. About 10% of patients were subsequently
reclassified as HER2-negative; however, the drug also appeared to show a benefit in
these patients [39]. A benefit of trastuzumab was also shown in patients with HER2-
negative primary tumours, but with circulating tumour cells expressing HER2 [40]. The US
National Cancer Institute is currently conducting a study on trastuzumab therapy in
patients with HER2-low breast cancer [41].

One advantage of a study with an enrichment design is that it requires a smaller sample

size than other types of studies.

2.3. Single-arm design

A study is designated as single arm if only the prognostic value of a biomarker with regard
to the occurrence of an unfavourable patient-relevant event is evaluated. In this type of
study, different biomarker strata, not different treatment options, are compared (see figure
3). Such studies are typically conducted in patients receiving standard treatment. If no
treatment is available, the study explores the “natural course” of the disease; however, this
type of exploration is extremely rare nowadays, as some kind of treatment is usually

offered, which may modify the course of disease.

/ P \ Legend
M, M. C: Control; E: Effect; M: Marker status;
\ \ O: Outcome; P: Patients; Strat: Stratification;
T: Treatment; +: positive; -: negative;
(‘3 (‘: ?: no effect estimate
Oc. Oc..
? ?

Figure 3: Single-arm design

In single-arm studies, similarly to studies with an enrichment design, half of the information
required to answer the (decisive) question on interaction is missing, namely, on the
prognosis in patients receiving experimental treatment and thus on the effectiveness of

this treatment [42]. Therefore this type of study is basically not suitable to demonstrate the
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benefit of a biomarker with regard to the optimal choice of treatment [43]. Such a benefit
can only be directly derived if the study is able to identify patients with an extremely low (or
high) risk of the unfavourable patient-relevant event, as these patients are highly unlikely

to benefit from the new (or existing) treatment.

2.4. Biomarker-strategy design

In a biomarker-strategy design an RCT is conducted to determine whether a strategy using
a biomarker to choose a treatment is superior to a conventional strategy without this
biomarker (see figure 4). A clear advantage of this design is that the direct effect of
applying the test in patients can be evaluated [35]. In addition, on a population level an
unbiased estimate is provided of the effect of using a biomarker-based strategy to inform
the choice of treatment.

The biomarker strategy design is typically used for the evaluation of screening tests
[44,45] but can also be used for the evaluation of any other diagnostic test [46,47]. In
particular, the question of the benefit of serial monitoring or other complex strategies can

often be clarified only with this type of design [48,49].

S P S Legend
1 0
/ ®\ C: Control; E: Effect; M: Marker status;
M, M O: Outcome; P: Patients; R: Randomisation;
| | w S: Strategy (1: treatment according to marker
status; 0: treatment as usual); T: Treatment;
"I' /TC\ +: positive; -: negative; ?: no effect estimate
Or. Or.0c,. O;
> 7 ?
081 o Estrategy - OSO

Figure 4: Biomarker-strategy design

A disadvantage of this design is that the test and treatment components of the biomarker
strategy cannot be evaluated separately. A further disadvantage is that this design is less
efficient than other designs (i.e. has less power and will require a larger number of

patients), as both treatment groups include patients with similar characteristics who
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received identical treatments. This diminishes the contrast between the groups [50]. In the
extreme case — if the same number of marker-positive and marker-negative patients is
included and all patients in the control group receive the same treatment — this may apply

to half of the patient population.

2.5. Hybrid design

Several modifications of the above-mentioned study designs are available and can also be
combined with each other; for example, an enrichment design in marker-positive patients
with a single-arm design in marker-negative ones, or an enrichment design with a

subsequent randomise-all design [31,51].

/ P \ Legend
M, M. C: Control; E: Effect; M: Marker status;
/@\ \ O: Outcome; P: Patients; R: Randomisation;
Strat: Stratification; T: Treatment; +: positive;
T (‘: (‘: -: negative; ?: no effect estimate
OT’+ OC,+ OC"

E, ?

Figure 5: Example of a hybrid design (enrichment for M., single-arm for M.)

In addition, it is possible to examine several biomarkers and several treatment options
within the same study or compare various test-treatment strategies with each other. To
present all of these additional options would go beyond the scope of this reflection paper.
Table 2 summarises the possible conclusions that can be drawn from the study designs
outlined above and presents examples from the literature (not restricted to molecular-

biological markers).
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2.6. Handling the situation of insufficient (direct) evidence for the benefit
assessment of co-dependent technologies

Whether the use of a specific design is appropriate depends on what (relevant) question is
asked and whether the assumptions made to interpret the results are acceptable.
Unfortunately, of the designs presented above, in practice often only (prognostic) single-
arm studies or at best studies with an enrichment design are available for the evaluation of
test-treatment strategies. However, conclusions on the benefit of a strategy can only be
drawn from these study designs under stringent assumptions. In principle, two possibilities
exist: if the assumptions required to determine a benefit are inappropriate (i.e. are not
based on robust values), then a conclusion of no hint of a benefit is drawn. This is
currently the standard approach applied, for example, by the German Institute for Quality
and Efficiency in Health Care (IQWiG) [69]. Alternatively, for the (common) situation where
there is a lack of direct evidence of the benefit of a diagnostic test, a “linked evidence
approach” (LEA) may be applied. This approach was developed by the Australian Medical
Services Advisory Committee (MSAC) [70-72] and “involves the narrative linking of
evidence assessing components of a test-treatment pathway in order to predict the likely
impact of testing on patient health outcomes” [72]. This means that results from diagnostic
accuracy studies investigating a new test versus a reference test are linked to results from
treatment studies in which the reference test served as an inclusion criterion [70].
However, the LEA requires the availability of a reference standard that generally aims to
identify the same patients as the new test. But many new genetic or molecular tests do not
fulfil this requirement, as their aim is to identify patients with new characteristics (e.g.
previously unknown biomarker status).

In addition, the LEA may be affected by bias or variation; for instance, the characteristics
(e.g. demographic features or disease severity) of the patients included in the diagnostic
and treatment studies may differ [70]. As with an indirect comparison of interventions,
these characteristics must therefore be comparable. However, a further problem arises,
namely, how to define thresholds to determine whether comparability is sufficient. The
situation is easier if a clinical trial has already shown a benefit for a particular biomarker.
For an alternative biomarker, it would be sufficient to determine that it identifies the same
population as the first biomarker, that is, to determine that the results of the two tests
agree [73]. Methods for this type of evaluation are available [74]. However, measures of

overall agreement should generally be avoided, and as with equivalence hypothesis
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422 testing, thresholds must be defined to determine whether positive percent agreement is
423  sufficient.
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3. Discussion

The concept of PM, that is, the selection of a specific treatment option on the basis of
patient characteristics (predictive biomarkers) that interact with treatment effects, is not
really new [75] — medical interventions have always been chosen on the basis of some
form of diagnosis, mostly “classical” pathological and clinical signs and symptoms. The
novelty of the current approach merely consists in the increased use of information at a
molecular level as stratification characteristics (hence the name “stratified” or “precision”
medicine). In the opinion of the authors of this reflection paper, no specific new methods
are required to assess the (diagnostic/prognostic and therapeutic) PM technologies. This
is because a methodological framework has been available for decades to estimate
treatment effects in the most unbiased manner possible and to estimate different treatment
effects in subgroups. However, what is required is the conjoint assessment of these

technologies and possibly a new regulatory framework.

PM can help to change subgroup analyses from being viewed as a questionable

methodological approach (“Subgroups Kill people® [76]) to being viewed as a recognised
one (“Not doing subgroup analyses has very probably killed more people® [77]). PM can
thereby help to ease the way for stratified therapeutic strategies with more targeted and

effective treatments.

While PM encompasses a wide range of diagnostic, prognostic, monitoring, and other
technologies, the general principle of benefit assessment (i.e. the comparison of the use
versus non-use of the new PM technology) applies to all of them. The ultimate goal is to

demonstrate clinical utility (see, for example, [48]).

Due to rapid medical progress, for example, in the field of genomic research in cancer, as
already stated, some researchers call for novel assessment methods in HTA [11]. For
instance, if one considers the use of PM in lung cancer treatment, which involves highly
complex PM strategies with various treatment choices based on simultaneous testing of
multiple biomarkers [78], it is obvious that the patient-relevant benefit of these highly
complex strategies compared with the current standard strategy has to be demonstrated.
However, this can be evaluated within adequately controlled trials [79-81], so that
traditional HTA methods can be used for the assessment. This means that the current

EUnetHTA methodological guidelines for the REA of pharmaceuticals could also be used
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to assess intervention trials of PM technologies (e.g. the guidelines on assessment of the
internal validity of clinical trials, the applicability of evidence, and the use of clinical
endpoints [82]). However, existing methods may need to be adapted. For instance, the
further development of statistical methods for subgroup analyses is desirable: there is a
need for a framework to exclude an irrelevant quantitative interaction between the
biomarker and the treatment, or — vice versa — to establish a relevant quantitative
interaction. In addition, the combination of confirmatory approaches for testing treatment
effects in an entire study population and in subgroups is currently being discussed, taking
the problem of multiple testing into account [51,83]. However, these already existing

methods are practically unused so far in studies of PM technologies.

Furthermore, in the early stages of the (concomitant) development of biomarker-based
diagnostics and biomarker-targeted treatments, (new) adaptive designs may play a role in
Phase Il studies in the efficient selection of promising biomarker-treatment combinations

for subsequent Phase Il studies [51].

The previously separate development and assessment of diagnostic tests and therapeutic
interventions is therefore becoming increasingly obsolete. However, a conjoint assessment
is not the current standard approach [84]. In the EU and the USA, the market access of
diagnostics and drugs is still regulated separately. The regions differ in their way of
handling companion diagnostics: As summarised by Byron et al. from the UK National
Institute for Health and Care Excellence (NICE), in the EU “the licensed indication of a
pharmaceutical may require the use of a companion diagnostic but the specific test for
determining the mutation status is not normally stipulated.” In contrast, in the USA, “the
regulatory process examines the suitability of a specific test for selecting patients for
treatment with the corresponding pharmaceutical, and this test is stipulated in the
licensing” [73]. The current regulatory processes can lead to the situation that, “even in
cases of co-developed [drug-diagnostic] combinations drug reimbursement does not
necessarily imply diagnostic reimbursement” [85]. Some governmental and HTA bodies
have reacted to the current challenges: For instance, NICE has developed a policy for
considering companion diagnostics using its Technology Appraisal and Diagnostics
Assessment Programme [73]. The Australian government supported Merlin et al’s
development of a national 5-component framework (“context, clinical benefit, evidence
translation, cost-effectiveness, and financial impact”) for the HTA of PM [86]. Its

introduction was accompanied by the establishment of the Health Technology Assessment
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Access Point (HTAAP) to coordinate the assessment of companion diagnostics within the

HTA process.

In the development and assessment of biomarkers, the “traditional” criteria of technical-
analytical validity and clinical validity are still currently described as important steps in the
pertinent methods papers [12,87-90]. However, the following problems should be noted:
Firstly, according to the experiences of the Evaluation of Genomic Applications in Practice
and Prevention (EGAPP) Working Group, evidence on the analytical validity of genomic
biomarkers is sparse [91], that is, obtaining reliable and unbiased estimates to determine
analytical validity is particularly challenging [91]. For instance, a search in bibliographic
databases is generally insufficient to identify all of the relevant information; additional
searches for unpublished data from companies and laboratories also need to be
conducted. Secondly, there are specific problems with the analytical “gold standard”, for
example, in the case of tumour gene-expression profiling in breast cancer, where no real
gold standard existed at the time of evaluation [91,92]. Thirdly, the interpretation of
genomic results may be hampered by DNA damage following formalin fixation [93]. And
fourthly, considering clinical validity, there may be differences between the central lab test
used for the (Phase 3) clinical trial and the test used in a routine (“real-life”) lab setting. In
clinical practice the results of the companion diagnostic may differ from the test used in
central lab conditions [94]. Beyond these problems, there is a general consensus that
clinical utility must ultimately be proven [89,95,96]. For a better understanding of this issue,

it is crucial to distinguish between prognostic and predictive biomarkers [90].

In principle, RCTs represent the highest level of evidence in the assessment of biomarkers
for the stratification of patients. However, such studies are rarely conducted. To infer from
this current paucity of RCT-based evidence that lower-quality study designs should be
used to assess PM technologies increases the risk of biased conclusions in HTA. On a
system level this may reduce the incentive to conduct more studies with higher-level

evidence.

In general, the more a patient population in a clinical study is stratified, the smaller the
population for analysis will become. It may thus be difficult to recruit the number of patients
required to reach robust conclusions. However, this problem applies not only to
randomised studies, but to all study designs. The first approach to solve this problem
should thus avoid resorting to study designs of a lower evidence level. Instead, the

creation of multi-institutional and international networks is needed to create a broader
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basis for patient recruitment [97]. Commendable examples include the Cystic Fibrosis
Therapeutics Development Network (CF TDN) [98] and the European Cystic Fibrosis
Society-Clinical Trials Network (ECFS-CTN) [99].

In addition, data from completed studies should be made publicly available so that the
interaction between a specific biomarker and the results of treatment can be analysed,
also retrospectively (prospective-retrospective design). However, this requires the
establishment of structures for storing and processing samples of patients included in the
studies (biomaterial banks). Furthermore, the identification of new treatment targets and
the implementation of the corresponding treatment approaches do not necessarily have to
result in smaller patient populations. For instance, in oncology the role of basket and
umbrella studies is currently being discussed. The former include studies of multiple
tumour types harbouring the same mutation; the latter include studies of a single tumour
type harbouring different mutations [100,101]. In both types of studies the targeted therapy

is compared with the current standard therapy.

And finally: if “personalised” treatment effects are comparatively large — as is claimed by
some advocates of PM — the corresponding trials might require only a small sample size

and a limited amount of resources [102].

Annotation: Several projects, some in collaboration with EUnetHTA or EUnetHTA member
organizations, are currently being conducted within the Innovative Medicines Initiative (IMI)
launched by the EU and the pharmaceutical industry [103]. The aim of the initiative is to
speed up the development and market access of promising medical technologies. A
discussion of the IMI projects (e.g. ADAPT-SMART [104], GetReal [105,106]) would go
beyond the scope of this reflection paper. It remains to be seen to what extent their results
will have consequences for the assessment of PM technologies or will lead to the
development of innovative study designs that could markedly help improve the evidence

base.
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551 Annexe 1. Definitions of key terms and concepts

552

553  According to the Biomarker Definitions Working Group, a biomarker is defined as a

554  “characteristic that is objectively measured and evaluated as an indicator of normal

555 Dbiological processes, pathogenic processes, or pharmacologic responses to a therapeutic
556 intervention” [107]. Biomarkers are used as diagnostic tools for the identification of patients
557  with a disease, as tools for staging of disease, as indicators of disease prognosis, and for

558 prediction and monitoring of clinical response to an intervention [107].

559 The aim of a diagnostic test is to distinguish between individuals with and those without a
560 particular disease. The quality of a diagnostic test is described by means of diagnostic

561 accuracy measures such as sensitivity and specificity or likelihood ratios [108]. Together
562 with the known or assumed prevalence of a disease, these measures can be used to

563 calculate predictive values describing the likelihood that a given test result correctly

564 identifies an individual as having or not having a disease.

565 A prognostic test identifies “patients with differing risks of a specific outcome, such as
566 progression or death” [109]. The relationship between the test result and the frequency of
567 an outcome is typically described by means of epidemiological measures such as the
568 relative risk, hazard ratio, or odds ratio. In principle, the above-mentioned diagnostic

569 accuracy measures can also be used for this purpose.

570 A predictive test “predicts the differential efficacy (benefit) of a particular therapy based
571 on the marker status” [109]. This capability of a test is described as the interaction

572 between the marker status (i.e. the test result) and the benéefit of treatment. If no

573 interaction exists, all patients benefit to the same extent from treatment, independently of
574 the test result. In the case of a quantitative interaction, all patients benefit from treatment;
575 however, the extent of benefit differs depending on the test result. In the case of a

576 qualitative interaction, only a particular subgroup benefits from treatment, whereas the
577  other subgroup experiences no benefit or even harm. Only the results of predictive tests
578 can guide the choice of treatment; purely prognostic tests cannot [109]. However, a test
579 may be both prognostic and predictive or it may be predictive without being prognostic
580 [110].

581 The clinical validity of a test, i.e. its diagnostic or prognostic accuracy, is the “ability to

582 detect or predict the associated disorder” [111]; the clinical utility of a test is the “ability to
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583 affect clinical decisions and to improve patient outcomes in clinical practice” [111]. Hence,
584 clinical utility describes the consequences of applying the information obtained from a
585 medical test to the care of patients. Such consequences are not necessarily beneficial to

586 patients, even if the information applied is (formally) correct [35].
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