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(n = 64) of studies incorporated one or two aspects, and 11% (n = 22) incorporated three
or more aspects. See the ESM for a list of identified studies, including an overview of the
aspects incorporated in each study.

Figure 1 Flow chart of the systematic literature review.

CE cost-effectiveness, ICER Institute for Clinical and Economic Review, N/CE National Institute for Health and
Care Excellence, PM personalised medicine

As shown in Table 1, the most addressed aspects were patients’ treatment compliance
(19%, n =38) and uptake of testing (11%, n = 22), outcomes for relatives of index patients
(14%, n = 27), and the conditionality of test sequences and results (9%, n = 18). The studies
incorporating patient compliance and outcomes for relatives of index patients mostly
concerned genetic testing for disease risk factors and subsequent preventive treatment.
Uptake and compliance were generally incorporated as the proportions of patients
undergoing testing and adhering to treatment. Outcomes for relatives of index patients
were mostly combined with outcomes for index patients into single incremental cost and
QALY figures, but sometimes reported separately. Studies incorporating conditionality of
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test sequences and results used a variety of assumptions, including varying sensitivity
and specificity of tests across age groups, varying predictive values across ethnic groups,
and conditional probabilities for test results (i.e. the probability of a positive/negative
test result was dependent on whether a previous test had been positive/negative).

Table 1 Results data extraction table

Topic Aspect Number (%) of studies
addressing each aspect
n=195

Discounting Was there a deviation from standard 3 (2%)

Test-treatment
combinations

Effectiveness data

Extrapolating
outcomes for
interventions with a
portion of long-term
survivors

Additional elements
of value

Incorporating
compliance

Uncertainty analysis

Managed entry
agreements

discount rates for reasons particularly
relevant to PM?

Was the conditionality of test sequences 18 (9%)
and results incorporated?

Were waiting times incorporated? 10 (5%)
Were outcomes for relatives of index 27 (14%)
patients incorporated?

Were methods used to account for 5 (3%)
potential biasin non-RCT data?

Were methods used to account for 11 (6%)
potential bias in the extrapolation

of outcomes for interventions with a

portion of long-term survivors?

Were value elements beyond the QALY 12 (6%)
incorporated?

Was patients’ uptake of testing 22 (11%)
incorporated?

Was patients’ treatment compliance 38 (19%)
incorporated?

Was clinicians’ compliance to protocols 10 (5%)
and guidelines incorporated?

Were methods used to combine experts’ 0 (0%)
judgements into a point estimate plus

probability distribution?

Was uncertainty analysis particularly 7 (4%)
relevant to PM performed?

Were the conditions of a managed entry 8 (4%)

agreementincorporated?
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Studies incorporating additional value elements (6%, n=12) mostly considered the
psychological impact individuals experience when finding out about increased cancer
risk through a genetic test (e.g. reduced uncertainty and/or increased anxiety), though
two studies focused on psychological effects related to preventive surgery that may
be performed based on the results of such a genetic test (e.g. reduced anxiety or
worsened body image). These psychological effects were incorporated by applying a
utility increase or decrease. Studies that applied methods to account for potential bias in
the extrapolation of outcomes for interventions with a proportion of long-term survivors
(6%, n = 11) were mostly economic evaluations of chimeric antigen receptor (CAR) T-cell
therapies. The methods included mixture cure models [22] and the use of hazard ratios to
adjust general population mortality for long-term survivors of the condition in question.

Clinician compliance to protocols and guidelines (n = 10) and waiting times for patients
(n =10) were incorporated in 5% of studies. Relevant uncertainty analysis (4%, n=7)
evaluated, for example, the uncertainty around future cost reductions of genetic testing
and the possible consequences of inconclusive genetic test results. The conditions of a
managed entry agreement were incorporated in 4% (n = 8) of the studies, and methods
to adjust for potential bias in non-RCT data in 3% (n = 5) of the studies. One identified
method to adjust for potential bias in non-RCT data was to exclude patients with certain
characteristics from the comparator cohort to increase comparability between the
comparator and intervention cohorts. Another method consisted of the estimation of
survival curves per treatment given and the subsequent weighting of the survival curves
based on the expected distribution of treatments in the target population. In 2% (n = 3) of
studies, lowered discount rates were applied for both costs and benefits. These studies
evaluated gene therapies and cited the National Institute for Health and Care Excellence
Methods Guide stating that a discount rate of 1.5% (instead of 3.5%) may be considered
when a treatment restores individuals experiencing conditions with high mortality and/or
morbidity to sustained (near-)full health [23]. No studies parameterised expert judgement
into a probability distribution.

Recommendations

The main outcome of this study is the following set of recommendations, informed by
the results presented in the previous three sections. The numbered recommendations
are introduced by an explanation. See the ESM to view the list of recommendations.

Perspective and Discounting

Some have argued that countries’ standard HTA approaches may not always capture the
full value of PM [20, 24, 25]. For example, for evaluating gene therapies that cure children
from conditions with high mortality and morbidity, a societal perspective might be more
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appropriate than a payer perspective. That is, in addition to measuring patients’ QALY
gains, a societal perspective could capture the lifetime reduction in the use of informal
care that might result from a child receiving a cure, as well as the potentially increased
quality of life of carers.

Similarly, some have suggested a lower discount rate for health outcomes in PM with
high upfront costs and long-term benefits, such as curative gene therapies and large-
scale genetic screening programmes, to place a higher value on future benefits [14]. (A
similar effect can be achieved with hyperbolic discounting, in which the discount rate is
gradually reduced over time [26].)

However, allowing the assumptions regarding perspective and discounting to be
different for (some) PM would hamper comparability of cost-effectiveness results across
interventions and implicitly favour PM over other interventions, especially given the fact
that many non-PM interventions also have wider societal and/or long-term benefits.

1. For economic evaluations of PM, use the standard perspective as
recommended by national HTA guidelines in the base case.

2. For economic evaluations of PM, use the standard discount rates as
recommended by national HTA guidelines in the base case.

Test-Treatment Pathways
Given that stratification is a key tenet in PM, testing plays an important role in the clinical
pathway. A number of topics to consider when modelling tests are discussed below [27].

A single patient may be subject to a range of tests. There may be various options for
combining the different tests. The tests may be performed in parallel or sequentially;
when they are performed in sequence, choices may have to be made regarding the order
in which the tests are performed. The diagnostic strategies chosen may vary across
subgroups of the patient population. Additionally, some tests can be applied at different
points in the treatment pathway (e.g. genome sequencing). As a result of these factors,
modellers may be faced with many possible pathways. When prioritising which options
to include in the model, a key consideration should be the extent to which they are
relevant given the decision-making context.

3. Identify all relevant test-treatment pathways and justify why the pathways
included in the model were selected.

When a test is used to stratify patients into subgroups that are eligible and non-eligible for
a specific treatment, the consequences of using the test may affect the cost effectiveness

62



Guidance for economic evaluations of personalised medicine

of the test-treatment combination and should be explicitly considered. First, the costs
of testing should be included in the economic evaluation of the treatment. When a new
treatment requires the introduction of a new test (or the provision of an existing test to a
wider target population), allocating 100% of the additional testing costs to the treatment
under evaluation may be appropriate. This might seem unfair to “first movers”, i.e. the
first pharmaceutical or medical devices companies that require a specific test to be able
to identify the right patients for their products, while the same test may later be used for
other medical products. However, it is an accurate reflection of the decision problem
at hand: the new treatment cannot be implemented in clinical practice without also
implementing said test and thus their combined cost effectiveness should be assessed.
When the stratification for the new treatment can be done with a test that is already part
of current practice, none or only a proportion of the testing costs may be allocated to
the new treatment. The specific assumptions made regarding cost allocation may vary
according to the budgeting and/or reimbursement arrangements in the decision-making
context at hand. Note that total testing cost for all tested patients should be incorporated
in the model, as opposed to the testing cost only for patients with a positive test result.

Furthermore, adverse events due to the testing procedure may reduce quality of life and
increase mortality rates (e.g. a collapsed lung due to a lung biopsy). Additionally, the test
results may stimulate further testing and treatment (e.g. because of secondary findings),
affecting final health outcomes and costs. Additionally, there will be false-positive and
false-negative patients among those tested, who may be facing poorer health outcomes,
potentially leading to additional costs.

4. When a treatment requires the use of a test to stratify patients, include
in the model the (downstream) costs and health outcomes of testing for
both individuals who test (false-)positive and individuals who test (false-)
negative.

The rates of false-positives and false-negatives are largely determined by the diagnostic
accuracy of the testing technology used. The diagnostic accuracy of the technology
is likely to vary according to the (subgroups of) the patient population in which the
technology is applied and may change over time.

5. Ensure that the data used to estimate the diagnostic accuracy of a testing
technology are appropriate to the patient population in the model.

Tests may have a continuous outcome, thus cut-off values must be set to determine
the result (e.g. low, medium or high risk; positive or negative). Different cut-off values
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may be in use for the same test. For example, in the USA, pembrolizumab is indicated
for patients with non-small cell lung cancer with high programmed death-ligand 1 (PD-
L1) expression, which was first defined as PD-L1 expression in > 50% of tumour cells but
later as PD-L1 expression in > 1% of tumour cells [28].

6. When different cut-off values are in use to determine test results, clearly
define the cut-off value assumed in the base case. Investigate the effect of
alternative cut-off values on cost-effectiveness results using a sensitivity
analysis.

When various tests are modelled in sequence, their results may be correlated. See Box
1, for an example of the use of conditional probabilities to model test results.

7.When multiple tests are modelled in sequence, consider the
interdependence between test results.

Box 1 Considering interdependence between test results [29]

The cost effectiveness of “expanded reflex” testing versus standard testing for HER2
mutations was estimated for breast cancer patients in the United States. Patients with
HER2-positive breast cancer have a worse prognosis than HER2-negative patients but can
be treated with trastuzumab, a monoclonal antibody specifically targeting HER2. HER2
status can be determined using either immunohistochemistry (IHC), which measures
HER2 overexpression, or fluorescence in situ hybridisation (FISH), which measures HER2
gene amplification. In the standard approach, HER2 status is assessed using either IHC
(80%) or FISH (20%). With expanded reflex testing, patients testing negative on either test
subsequently receive the alternative test for confirmation. Interdependence between the
two test results was incorporated in the model by using conditional probabilities obtained
from a published systematic review. In the standard testing approach, only the outcome
probabilities for either test in isolation are used. In the expanded reflex testing approach,
the same outcome probabilities are used for the first test, while for the second test the
outcome probabilities conditional on a negative outcome on the first test are assumed.
Expanded reflex testing is estimated to render a QALY gain of 0.037 per patient treated
compared to the standard approach, which is driven by a lower rate of (untreated) false
negatives. Costs increase by $1455, resulting in an incremental cost-effectiveness ratio
(ICER) of $39,721 per QALY gained. In the base case, it is estimated that 2.27% of patients
are reclassified as HER2-positive after the second test. This percentage was varied between
1-8% in scenario analysis, rendering a maximum ICER of $47,110 and minimum ICER of
$35,575.
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Patients presenting with symptoms generally do not receive treatment instantaneously.
They may be faced with periods of waiting between presenting with symptoms and the
decision to get tested, between the decision to get tested and testing, between testing
and getting results, and between test results and the start of treatment. These waiting
periods may impact outcomes, especially in conditions with high short-term morbidity/
mortality (see Box 2 for an example).

8. If there is a notable risk of increased morbidity or mortality as a result of
waiting periods, incorporate in the model the costs and health outcomes
due to the waiting periods.

Box 2 Incorporating waiting times [30]

The cost effectiveness of tisagenlecleucel, a CAR T-cell therapy, was estimated for paediatric
patients with relapsed/refractory B-cell acute lymphoblastic leukaemia in the United
States. Patients undergo leukapheresis so that their T-cells can be harvested and used to
prepare the tisagenlecleucel infusion. During the waiting period between leukapheresis
and receiving the infusion, patients are at risk of mortality. This is captured in the model
by a short-term decision tree, in which the first node reflects the probability that patients
receive the tisagenlecleucel infusion. The chance node has the branches “continue with
the infusion” and “die before receiving the infusion”. An additional branch captures the
probability that patients “discontinue before infusion because of adverse events or
manufacturing failure”. In a scenario analysis where the model did not incorporate waiting
time by starting at infusion instead of at leukapheresis, the incremental costs increased
from $329,498 to $454,892 and incremental QALYs increased from 7.2 years to 9.1 years.
Theincreasein incremental costs and QALYs is explained by the exclusion of patients who
do not receive the tisagenlecleucel infusion and therefore have both lower treatment cost
and shorter quality-adjusted life expectancy. Excluding waiting time from the model slightly
increased the ICER, from $46,000 per QALY to $50,000 per QALY.

While some testing technologies are produced by a single provider and standardised,
other tests are performed using local laboratory resources. There may be variation in
testing costs between commercially developed test kits and local laboratory tests, as
well as across laboratories.

9. Confirm that the assumed testing costs are accurate in the setting of
interest and consider possible variation in costs across laboratories.
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When an inheritable pathogenic mutation is identified in a patient, relatives are
also at risk and may be offered genetic counselling and testing (e.g. in familial
hypercholesterolaemia, BRCA-positive breast cancer). Focussing the economic
evaluation of a test-treatment combination for inheritable mutations only on the index
patients may offer an incomplete reflection of the clinical reality.

10. If relatives of index patients become eligible for genetic testing when
the index patients test positive for a specific genetic marker, include
the costs and health outcomes of testing relatives in the economic
evaluation of the index patients.

Effectiveness Data

More stratification of patients leads to increasingly small patient (sub)groups,
complicating the generation of (sufficiently) statistically powered data on treatment
effectiveness through traditional randomised controlled trials (RCTs). Several alternative
trial designs have been developed, including basket trials [31, 32], umbrella trials [31],
n-of-1 trials [33] and adaptive trials [34]. While some of these alternative designs still
allow for controlled studies, many are single-arm designs.

Doubts have been raised whether foregoing an RCT was justified in all of the non-RCT
dossiers that have so far been submitted to regulators such as the European Medicines
Agency and the US Food and Drug Administration [35]. Nonetheless, there appears to be
increasing acceptance of non-RCT evidence among regulatory agencies [36].

The lack of RCT evidence poses challenges to health economic modelling as it
complicates evidence synthesis (e.g. incomplete networks in a network meta-
analysis) and increases the uncertainty around cost-effectiveness results. “Conditional
reimbursement” or “coverage with evidence development” programmes, in which
additional data are collected after market approval, have raised concerns. First, it
has been questioned whether they are able to provide unbiased estimates of relative
effectiveness when relying on observational data [37]. Concerns also exist about the
feasibility of withdrawing medicines that were granted reimbursement once further
evidence does not demonstrate their (cost-)effectiveness [38, 39].

11. Where possible, use effectiveness data from trials with two (or more)
alternative treatment strategies.

In tandem with the increasing acceptance of non-RCT evidence, there has been a rise

in the use of evidence from early trials [40]. However, the relationship between final
outcomes and the surrogate outcome measures often used in early trials is not always
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well established. For example, out of 93 cancer drug indications for which accelerated
approval was granted by the US Food and Drug Administration based on surrogate
outcomes (such as response rate or progression-free survival), confirmatory trials
reported improved overall survival for only 19 (20%) [41].

12. When surrogate outcomes are used to estimate final outcomes, specify
which data sources were used to estimate the relationship between
surrogate and final outcomes and justify any assumptions made about
the relationship.

When only data from single-arm studies are available, external data could be used to
construct a control arm. However, treatment effectiveness may improve over time, owing
to treatment-related factors such as dosing optimisation, improvements in the standard
of care or external factors such as improvements in general population health. Historical
data may, therefore, underestimate effectiveness in the control group, leading to the
overestimation of the new treatment’s effectiveness.

13. When effectiveness of the comparator is estimated using external data,
account for a possible time trend in effectiveness.

Increasingly many treatments that target specific genetic markers are coming onto
the market. If the genetic marker affects disease prognosis, combining data sources
with a different prevalence of the genetic marker may be inappropriate for estimating
comparative effectiveness. Nonetheless, the effectiveness estimate can potentially be
adjusted when the prognostic value of the marker and the prevalence of the genetic
marker across the different data sources are known.

For example, two TRK inhibitors (larotrectinib and entrectinib) have recently come onto
the market for tumours with NTRK gene fusions. The effectiveness of both treatments
was assessed using single-arm trials, meaning that external data are necessary to be
able to construct a comparator arm reflecting the standard of care. However, while the
trial population for the TRK inhibitors consisted of only NTRK-positive patients, the
available data on comparator effectiveness stem from trials in which most patients were
NTRK negative, owing to the low prevalence of NTRK fusions in many types of cancer.
Preliminary evidence suggests that NTRK-positive patients have a worse prognosis
[42]. The treatment effectiveness estimated on populations with a large share of NTRK-
negative patients may therefore provide a biased estimate of the treatment effectiveness
for NTRK-positive patients and may have to be adjusted.
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14. When effectiveness of the comparator for patients with a specific genetic
marker is estimated using external data, account for the prognostic
value of the genetic marker and differences in its prevalence across the
different data sources.

When new gene tests are developed to allocate patients to existing treatments, it
is unlikely new RCTs will be performed for the existing treatments in each of the
subgroups introduced by the new test. Instead, data on treatment effectiveness in
the subgroups may come from genotype-phenotype studies, in which associations
between genetic markers and clinical outcomes are investigated. Estimating a causal
relationship between genotype and phenotype tends to be highly complicated, owing
to, among other things, the potential for gene-gene and gene-environment interactions,
heterogeneity in genetic markers (e.g. hundreds of different BRCA mutations have been
found in patients with breast cancer [43]) and heterogeneity in clinical symptoms [44].
Additionally, it may be difficult to identify appropriate controls, to link genetic data to
data on clinical outcomes [45] and to get a large enough sample size to meet statistical
significance requirements. As a result, details about the relationship between a genetic
marker and clinical outcomes are often uncertain or unknown. For example, while it has
been shown that patients with acute coronary syndrome who carry a loss-of-function
polymorphism of cytochrome P450 2C19 (CYP2C19) experience more thrombotic events
when treated with clopidogrel, uncertainty remains regarding the degree of association
between carrier status and thrombotic events [46]. Similarly, the relationship between
the level of HER2 expression in patients with breast cancer and the extent to which
progression-free survival is reduced is not fully known [47].

15. Specify which data sources were used to estimate the association
between the genetic marker(s) of interest and clinical outcomes and
justify any assumptions made about the association.

Extrapolating Survival

So far, innovations in PM have mostly been in disease areas with high mortality, such as
oncology and rare severe genetic disorders. An accurate estimation of the effect that
theseinterventions have on patient mortality is key to assessing their cost effectiveness.
Trials generally provide only short-term data, bringing the need for modelling to estimate
survival beyond the trial period. While long-term survival can sometimes be estimated
using the surrogate outcomes measured in the trial (see recommendation 12), it is
more common to extrapolate from the short-term mortality captured in the trial. The
choice of survival model is often informed by assessing the statistical fit to the data.
However, models with a good fit to short-term trial data do not always provide plausible
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predictions regarding long-term outcomes [48]. Expert judgement may be used to
evaluate the plausibility of the estimated survival.

16. When extrapolating survival data beyond the study period, use expert
opinion alongside statistical fit to choose the survival model.

In several PM interventions, patients might be considered “cured” when they experience
long-term survival. This may apply to, for instance, oncology patients experiencing
sustained complete remission after receiving targeted therapy, or to patients with early-
onset diseases with high mortality who respond to a gene therapy. However, even if
patients experience long-term survival, they may be faced with poorer long-term health
outcomes than the general population. For example, Janssen-Heijnen et al. showed
that for several cancer types (stomach cancer, non-small cell lung cancer, stage Il or IlI
breast cancer, prostate cancer, Hodgkin lymphoma), patients who had been “cured”
and survived between 10 and 20 years after diagnosis still had poorer survival than the
general population [49]. They hypothesised that this could be due to late recurrences,
secondary tumours or comorbidities associated with cancer risk factors [49]. Assuming
(age- and sex-specific) general population mortality for “cured” patients may therefore
be inappropriate (see Box 3 for an example).

17. When extrapolating survival data beyond the study period, account for
any excess mortality and morbidity among long-term survivors.
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Box 3 Accounting for excess mortality among long-term survivors [50]

In a report by the Institute for Clinical and Economic Review on the cost effectiveness of
CAR T-cell therapies in B-cell malignancies, tisagenlecleucel and axicabtagene ciloleucel
were evaluated, respectively for paediatric patients with relapsed/refractory B-cell acute
lymphoblastic leukaemia and adults with relapsed/refractory aggressive B-cell lymphoma.
Survival was extrapolated from the available trial data, owing to the limited observation
period in the clinical trials (15.4 months in the ZUMA-1 trial, 3.7 months in the JULIET trial). It
was presumed that patients who survived to the point at which the survival curve flattened
(i.e. the slope equalled zero) were among the long-term survivors. A knot was introduced
at this point in the survival curve (at five years), after which patients were assumed to be
subject to general population mortality, adjusted for excess mortality observed among
long-term survivors of B-cell malignancies. Based on published evidence, a standardised
mortality ratio of 9.1 was used to reflect excess mortality among long-term survivors in
the paediatric leukaemia cohort, while a standardised mortality ratio of 1 was used for
the adult B-cell lymphoma cohort. The latter proved influential on model outcomes in
one-way sensitivity analysis. The base case assumption of a standardised mortality ratio
of 1 rendered an ICER of $136,078 for axicabtagene ciloleucel versus chemotherapy, which
increased to $176,491 when a maximum standardised mortality ratio of 3.4 was assumed.
An additional scenario analysis was conducted, in which it was assumed that only 80% of
those alive and responding to treatment at five years would be long-term survivors in the
paediatric leukaemia cohort and 95% of those alive and responding to treatment at five
years would be long-term survivors in the adults B-cell lymphoma cohort. The remaining
patients (20% and 5%, respectively) were assumed to die at five years. This increased
the ICER for tisagenlecleucel versus clofarabine from $45,871 to $53,195 and the ICER for
axicabtagene ciloleucel versus chemotherapy from $136,078 to $140,443.

Additional Elements of Value

It has been argued that the QALY insufficiently captures the full value interventions
may have. The ISPOR Value Assessment Framework Special Task Force identified a list
of additional value elements to be included in a cost-effectiveness analysis, including
scientific spill-overs, equity, real option value, value of hope, severity of disease,
insurance value, fear of contagion and reduction in uncertainty [20]. A related concept
that has been suggested is “personal utility”, which is generally used either to describe
the value of knowledge (e.g. knowledge of a test outcome) or as an umbrella term for the
non-health outcomes that individuals might value [51, 52]. Patients may indeed value
outcomes of healthcare beyond increased health. Diagnostic information, for example,
may allow patients to make better life decisions or cause psychological effects such as
alleviated (or increased) anxiety [53]. However, the suggested additional value elements
raise several concerns.
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First, it remains unclear how to define, measure and value many of the identified
elements, partly owing to their conceptual ambiguity. There appears to be a risk of
double counting, both within the set of elements (e.g. severity of disease can be argued
to be part of equity; insurance value is likely strongly correlated with severity of disease,
given that the value of being insured against the consequences of falling ill is higher when
the diseases covered are more severe) and between the elements and the QALY (some
of the “additional” elements may already be captured in preference-based quality-of-life
assessments, such as the reduction in uncertainty).

Additionally, there appears to be a focus on positive value elements, while negative
value elements may be equally relevant. For instance, the value of hope that patients
might experience prior to treatment (e.g. the hope that they are among the long-term
responders to treatment) may be (partly) offset by the disutility due to dashed hope once
treatment outcomes are known.

Itis important to be aware that including additional value elements may alter decision
making, at the expense of length and quality of life. For example, once additional value
elements are included, intervention A with high health benefits might be deemed less
cost effective than intervention B with medium health benefits but many additional
elements of value. When choosing to adopt intervention B instead of intervention A,
we are implicitly trading off length and quality of life against other value elements (see
Table 2 for a stylised example).

Table 2 Stylised example of the consequence of including a value of hope

Treatment Cost-effectiveness AQALY Acost Value of Incremental net

threshold (A) hope monetary benefit*
Treatment 1 $50,000 2 $80,000 - $20,000
(standard
approach)
Treatment 2 $50,000 2.5 $80,000 0 $45,000
Treatment $50,000 2 $80,000 $30,000 $50,000**
1 (including

value of hope)

* Incremental net monetary benefit = (A * AQALY) - Acost

** Incremental QALYs are higher for treatment 2. However, treatment 1 offers “hope”, while treatment 2 does
not. In this example, placing a monetary value on “hope” increases the incremental net monetary benefit
of treatment 1 from $20,000 to $50,000. This may lead to the prioritisation of treatment 1 over treatment 2,
despite treatment 2 offering higher QALY gains.
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Individuals may indeed be willing to trade off certain elements of value against length
and quality of their own life [54], conveying consumer value. However, this does not
necessarily mean that people are willing to make such trade-offs between, for example,
hope and health in others, casting doubt on whether such value elements should be
prioritised at the national level. Indeed, it may be debated whether healthcare payers
such as national governments should pay for all elements that bring value to individual
patients, especially given that there likely is significant variation across patients in their
valuations of specific elements, as well as within patients depending on the time they
are asked. For example, risk-averse patients might not experience any value of hope and
risk-loving patients may only experience a value of hope for a short time, after which
dashed hope might be experienced.

If additional value elements were to be included in economic evaluations, this should
be done for all interventions, not just PM, to ensure consistency and comparability
across studies. Indeed, the suggested value elements may be relevant outside of PM.
For example, while a patient with a family history of breast cancer likely experiences
relief (i.e. gains personal utility) when they find out they are BRCA negative (PM), personal
utility may equally be gained by a couple wanting to get pregnant when they find out
they have no fertility issues (non-PM).

Note that the threshold value against which the cost effectiveness of the intervention
is judged may have to be adjusted to account for the additional value elements. For
example, if additional value elements are included in a sensitivity analysis, the resulting
cost-effectiveness outcomes may have to be judged against a different threshold than
the outcomes in the base-case analysis. The rationale for this depends on whether the
threshold is viewed as a supply-side estimate (i.e. the opportunity cost of healthcare
spending, or the marginal productivity of the healthcare system) or a demand-side
estimate (i.e. the societal willingness to pay for improvements in health) [55]. In the
former, the threshold changes when additional value elements are included because
the opportunity cost of spending now includes not only health forgone but other benefits
forgone as well. In the latter, the threshold changes because the societal willingness to
pay for only health outcomes may be different from the willingness to pay for health and
non-health outcomes combined.

18. Only include elements of value recommended by national HTA
guidelines in the base case. If additional elements of value are included
in a sensitivity analysis, ensure possible elements of negative value
are equally considered and included for both the intervention and the
comparator.
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Incorporating Compliance

While health economic models are used to simulate the clinical reality, clinical reality
is not always optimal. Depending on the decision context, modellers may choose to
model a healthcare intervention at its optimal implementation level or at a level of
implementation that is closer to reality (or both). Itis important to be transparent about
the extent to which the model reflects optimal implementation.

In PM, a significant cause of suboptimal implementation may be imperfect compliance
owing to the perceptions and preferences of patients and clinicians regarding PM. For
example, unwillingness to find out about risk-increasing gene mutations may hamper
patients’ uptake of genetic testing. Similarly, limited understanding of risk/probabilities
may lessen patients’ compliance to therapeutic plans based on genetic testing. In
addition, clinicians may not be fully compliant to protocols and guidelines because
of a limited knowledge of genetics, or they may already initiate treatment in rapidly
deteriorating patients if the waiting time for test results is too long.

Compliance is likely affected by the perceived probability of disease (this applies to
testing only), the severity of disease and/or the type of treatment (e.g. preventive or
curative). For example, in the study described in Box 4, the uptake of genetic testing for
the risk of breast and ovarian cancer is markedly lower for people aged under 30 years
than for people aged 30 years and above. Similarly, compliance to genetic testing for
cardiovascular disease risk and subsequent preventive measures may be lower than
compliance to genetic testing of tumours and subsequent cancer treatment.

When incorporating compliance, note that an adjustment of the effectiveness estimate
might not be necessary for pragmatic trials, where data reflect real-world compliance.
Furthermore, note that reduced compliance does not automatically mean that
intervention costs are lower (e.g. medicines may have been dispensed but not taken).
Finally, patient compliance may vary considerably between for example socioeconomic,
geographic and age groups. Clinician compliance might also vary according to the
societal group their patients belong to.
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19. Include parameters reflecting patient and clinician compliance
in economic evaluations for decision makers who require cost-
effectiveness results under realistic circumstances.

20. When including patient and clinician compliance in economic
evaluations, confirm that the assumed compliance is accurate in the
setting of interest and consider possible variation in compliance across
societal groups.

Box 4 Incorporating compliance [56]

The cost effectiveness of genetic testing was evaluated for patients with early-onset breast
cancer and their female relatives in Norway. BRCA-testing is currently routine care, with
identified carriers being at higher risk of breast and ovarian cancer and being offered
risk-reducing surgery (bilateral mastectomy with reconstructive surgery and bilateral
salpingo-oophorectomy). Alternative 7- and 14-gene panels, which include BRCA1/2 as
well as additional genes associated with increased risk of breast and ovarian cancer, were
compared against BRCA testing only. Both imperfect uptake of testing and imperfect
uptake of risk-reducing surgery were incorporated in the model. The input values for the
uptake parameters were obtained from observational data and assumed to have a beta
distribution. Uptake of testing as well as risk-reducing surgery among relatives of index
patients were assumed to vary with age. Mean uptake of genetic testing among relatives of
carriers was assumed to be 0.30 for ages 18-29; 0.82 for ages 30-49; and 0.80 for ages = 50.
Mean uptake of prophylactic mastectomy was assumed to be 0.12 for ages 25-34 and 0.11
for ages 35-60. Mean uptake of prophylactic salpingo-oophorectomy was assumed to be
0.10 for ages 25-34; 0.28 for ages 35-39; and 0.35 for ages 40-60. Uptake of the risk-reducing
surgeries was assumed to be higher among index patients than their relatives (mean uptake
of 0.39 for mastectomy among index patients, 0.36 for salpingo-oophorectomy). The ICER
of the 7-gene panel versus BRCA only was estimated to be $53,310, while the ICER of the
14-gene panel versus the 7-gene panel was estimated to be $127,071.

Uncertainty Analysis

To enable optimal reimbursement decisions, it is important to present uncertainty in
the cost-effectiveness estimates. Personalised medicine tends to be rife with parameter
and structural uncertainty. While PM is often associated with the tailoring of treatments
toindividual patients, in practice, PM generally divides patients into groups, albeit small
groups, and provides the same treatment within each group. The small sample sizes in
RCTs and the use of observational data tend to increase the uncertainty of the treatment
effect. Other input parameters in economic models of PM may also be uncertain, such
as the prevalence of the genetic marker in the target population, testing costs, and the
sensitivity and specificity of the testing technology used.
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Given limited data availability, expert judgement may be used to provide estimated
values for the input parameters. However, expert judgement, too, carries uncertainty,
which should be reflected. Several methods have been developed to synthesise the
estimated values by multiple experts for a single parameter into a probability distribution
that can be included in a sensitivity analysis [57,58,59,60,61].

21. When expert judgement is used to estimate values for the input
parameters in the model, synthesise the elicited values into a probability
distribution to be included in a sensitivity analysis.

Considerable structural uncertainty arises in PM owing to, for example, the myriad
assumptions and decisions that must be made about how to reflect complex testing
and treatment pathways, about the expected duration of treatment effect or regarding
the methods used to obtain effectiveness estimates when RCT data are not available.
Structural uncertainty may have a significant impact on cost-effectiveness results.
A failure to assess structural uncertainty provides an incomplete depiction of the
decision problem to decision makers. Structural uncertainty may be assessed through
a sensitivity analysis in which the effect of plausible alternative assumptions and
decisions is investigated. However, performing a sensitivity analysis does not allow for
the assessment of the decision uncertainty and the value of information [62]. Alternative
options are (i) model averaging, which can provide an assessment of decision uncertainty
and (i) the parameterisation of structural uncertainties, which allows for the assessment
of both decision uncertainty and the value of information [62].

22. Identify uncertainties in structural assumptions and decisions and
investigate their impact on cost-effectiveness results through a
sensitivity analysis. Parameterise structural aspects where possible.

Managed Entry Agreements

When uncertainty regarding an intervention’s comparative effectiveness, cost
effectiveness and/or budget impact precludes a reimbursement decision, as may
commonly be the case for PM, managed entry agreements (MEAs) between a healthcare
payer and a manufacturer can be used to offer patients access to the intervention. The
two main types of MEA are financial (e.g. discounts, price-volume agreements) and
outcomes based (e.g. payment based on individual patient response) and both can
be constructed with different levels of risk sharing [63]. The conditions of a MEA can
be incorporated into health economic models, as some of the costs may be shifted
to a different point in time and should be discounted appropriately. Indeed, models
may be used to optimise the conditions of a MEA, such as the period a pharmaceutical
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and/or diagnostic test is provided at no cost, the price cap or the time point at which
treatment effectiveness for individual patients is assessed (see Box 5 for an example). The
optimisation criterion could be a combination of discounted cash flow (most relevant
from the manufacturer’s perspective) and incremental net monetary benefit and budget
constraints (most relevant for payers).

23.If amanaged entry agreement is being considered for an intervention,
include its conditions in the model evaluating the intervention.

Box 5 Incorporating the conditions of a managed entry agreement [64]

The cost effectiveness of tisagenlecleucel was estimated for paediatric patients with
relapsed/refractory B-cell acute lymphoblastic leukaemia in the United States. At the time
of the study, the manufacturer of tisagenlecleucel was using an outcome-based payment
scheme whereby the payer only bears the cost of treatment when the patient achieves
initial remission (i.e. no cure, no pay). It was found by the authors that the cost effectiveness
of tisagenlecleucel under the existing outcomes-based payment scheme was similar to
the cost effectiveness without such a payment scheme, owing to the high rate of initial
remission among patients treated with tisagenlecleucel. In a scenario analysis, the effect of
changing the conditions of the payment scheme was evaluated. Under a payment scheme
whereby the payer bears the cost of treatment only if the patient is still in remission at
6 months, tisagenlecleucel’s ICER improved from $74,000 under the assumption of 40%
relapse-free survival ($188,000 under the assumption of 20% relapse-free survival) to
$47,000 ($115,000). When the payer was assumed to bear the cost only if the patient is still
in remission at 12 months, the ICER improved to $28,000 ($58,000).

Discussion

Twenty-three recommendations for economic evaluations of PM are provided in
this study, covering a broad range of topics. As mentioned in the Introduction, the
recommendations were developed against a backdrop of calls for the review of HTA
methodology, given developments in the field of PM. A systematic and multi-faceted
effort was therefore undertaken to assess the extent to which existing HTA methods
need to be adapted for PM. The consensus among interviewed experts was that existing
methods are adequate and appropriate for assessing PM and non-PM alike. The experts
also felt that, within jurisdictions, PM interventions should be subject to the same basic
HTA framework as non-PM interventions, to ensure comparability between economic
evaluations and consistency in decision making (as reflected in recommendations 1 and
2). Nonetheless, several challenges were identified that may be faced by those producing
or evaluating economic evaluations of PM.
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The guidance aims to serve as an overview of topics that should be considered for
economic evaluations of PM. Some of the recommendations may remind modellers and
evaluators of good practices that are often neglected (e.g. recommendations 3-5), others
may provide direction when modellers and evaluators are uncertain how to proceed in
the face of ongoing debate (e.g. recommendation 18). The guidance is intended to be
used in addition to, rather than as a replacement of, existing, more general modelling
guidance [65,66,67,68,69].

It is acknowledged that the recommendations are not relevant exclusively to PM as
several challenges in the economic evaluations of PM are also encountered in non-
PM. For example, the issue of large upfront costs with benefits stretching far into the
future (mentioned in the “Recommendations” section) also appears in the modelling
of vaccination programmes. Nonetheless, PM is unique in the range and extent of
challenges it faces. Our recommendations are therefore particularly valuable in the
modelling of PM.

Last, it should be noted that itis unlikely that all recommendations are relevant to each
economic evaluation of PM, and some may be not feasible because of limited data and/
or research resources. Itis therefore left to the modeller to disregard recommendations
when appropriate, though a justification for doing so should be provided.

Limitations

As mentioned in the Introduction, there is a range of interpretations of the term
“personalised medicine” and the working definition of PM in this paper may not
capture all of them. As a result, the developed guidance might not completely meet the
needs of those with a different understanding of PM. Nonetheless, the definition of PM
adhered to in this study focuses on “new innovations”, which are those most likely to
require additional modelling guidance. Those who hold a definition of PM that is more
inclusive of well-established healthcare may find that existing guidance suffices for these
interventions. Further work may be needed to meet the needs of those who understand
PM to be informed by patient preferences [70].

Although machine learning-based technologies and digital health applications are
sometimes classed under PM (e.g. [19]), they were excluded from our working definition
of PM, for two main reasons. First, it may be debated to what extent these technologies
are “personalised”. Many machine learning approaches are rooted in statistics. There
are numerous statistical tools that are widely used in medicine (such as the Simple
Calculated Osteoporosis Risk Estimation prediction model) and not necessarily seen
as “new innovations” or as PM. This begs the question as to where to draw the line
between various statistical models in deciding whether they can be classed under PM.

7




CHAPTER3

Digital health applications are often used to complement or automate existing in-person
healthcare services. They may for example be used to send automated appointment
reminders to patients, to enable online consults with physicians, to automate some of
the administrative tasks for healthcare professionals, to capture patients’ health data
or to monitor patients from a distance. While these developments mark a shift in the
mode of healthcare delivery, they are not clearly more “personalised” than the existing
healthcare practices that are usually not regarded as PM. Second, although search terms
related to “machine learning” and “digital health” were included in the literature searches,
it rendered little relevant hits. Most studies in the digital health category considered
relatively simple devices for the monitoring of blood glucose in patients with diabetes
mellitus, while no studies were identified for the machine learning category. It was
therefore decided that insufficient literature on the economic evaluation of machine
learning-based technologies and digital health applications was available to allow for
theirinclusion in this study.

A certain degree of interpretation and subjective prioritisation of the research findings
was inevitable in developing the recommendations, given the normative nature of
guidance on what constitutes “good practice”. Thisissue was inherent to the research goal
and was mitigated by the fact that voices of many different perspectives, backgrounds,
countries and types of expertise were heard, both during the expert interviews (18
experts from different backgrounds and with different specialisations were interviewed),
the drafting of the guidance (the recommendations were based on consensus opinion
within the sizeable HEcoPerMed consortium) and the stakeholder workshop (around 30
participants from various fields were present).

Implications

Asubstantial amount of literature on the health economic modelling of PM already exists.
Several studies discuss challenges in the modelling of PM and suggest potential solutions
but do not provide clear guidance to health economic modellers and/or the evaluators
of health economic models [14, 71,72,73]. Other relevant studies do provide guidance,
mostly in the form of a quality checklist, but on topics more specific than “personalised
medicine”. Among these are checklists by Kip et al. [27] and Yang et al. [74] to assess
the quality of economic evaluations of diagnostic tests, a checklist to assess economic
evaluations of gene therapies [15], and a checklist of PM models focusing on the need for
patient-level modelling [75]. A study by Christensen et al. [76] provides some guidance
specifically on how to measure the costs of integrating whole-genome sequencing (WGS)
into clinical practice.

Note that no recommendation on the specific modelling technique to be used in PM was
included in this study as the appropriate modelling technique was deemed to depend
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on the decision context. Nonetheless, it is acknowledged that the rise of PM has been
argued to call for a more widespread use of patient-level modelling (as opposed to
cohort-level modelling, which is currently most prevalent), owing to the former’s ability
to simulate a greater variety of clinical pathways and easily include patient history into
the analysis [75, 77]. In patient-level modelling, in addition to considering the parameter
and structural uncertainty that are discussed in the guidance, special attention should
be paid to addressing patient heterogeneity and stochastic uncertainty [78].

The results of this systematic review add to the existing literature by providing
comprehensive and specific guidance to all modellers of PM and evaluators/reviewers
of PM models. This may increase the consistency, comparability and quality of economic
evaluations of PM, and therefore improve the evidence about the added value of PM. The
guidance could also be used for developing and/or evaluating early health economic
models, though several recommendations may be more difficult to implement because
of limited data (e.g. recommendation 11).

Even for standard health economic models, various recommendations encourage the use
of data that may not be available in practice, among which: effectiveness data obtained
through trials with two (or more) treatment strategies (recommendation 11); data on the
relationship between surrogate outcomes and final outcomes (recommendation 12); and
data on the prognostic value of the genetic marker of interest (recommendation 14). The
absence of these data items can hamper an accurate assessment of the cost effectiveness
of PM, as it may introduce a high level of uncertainty regarding the cost-effectiveness
results. Although marketing authorisation may be granted to pharmaceuticals based
on relatively limited data, the above-mentioned recommendations highlight that data
needs are different for health economic modelling. This is in line with recent examples
of PM receiving approval from the European Medicines Agency but subsequently being
rejected for reimbursement by national HTA bodies because of inconclusive evidence [7].
While modelling can be used to address some of the data limitations, the main solution
to insufficient data may be increased communication between regulators and national
HTA agencies about what type of data is needed.

Recommendation 4 urges modellers to include downstream costs and health outcomes
of testing. While estimating downstream costs and health outcomes is likely to be feasible
for targeted gene panels, which are currently most widely used in healthcare, it may
become an increasingly unwieldy task as whole-exome sequencing and WGS become
moreingrained in standard clinical practice. Whole-exome sequencing and WGS can find
genetic variants associated with (increased risk of) a wide range of conditions. Estimating
the effect of the identification of these variants and subsequent (preventive) actions
therefore requires knowledge of and data from many disease areas. Existing studies
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on the topic have tended to simplify their analyses, for example, by only considering
short-term downstream consequences [76] or a subset of possible disease areas [79].
More research on how to best capture downstream costs and health outcomes may
be valuable. Nonetheless, estimates of the downstream costs and health outcomes of
whole-exome sequencing and WGS are bound to be shrouded in uncertainty for the
foreseeable future as much is still unknown about the relationships between genotype
and phenotype. That is, whole-exome sequencing and WGS may identify many variants
of unknown significance to the person’s health, severely hindering a reliable estimation
of the downstream costs and health outcomes of applying these technologies. The
solution to this may lie to a larger extent in continued biomedical research rather than
in increasingly sophisticated HTA methods.

In the “Additional Elements of Value” section, it was argued that it is unclear how to
measure many of the suggested value elements, partly owing to their conceptual
ambiguity. It was also noted that there appears to be an unduly focus on positive value,
with limited attention for plausible elements of negative value. Recommendation 18
therefore discourages the incorporation of additional value elements in base-case
analyses. Nonetheless, it is acknowledged that value elements beyond the traditional
QALY may be relevant in decision making. Indeed, some elements, such as equity, are
routinely considered in some countries. Currently, additional value elements tend
to be incorporated qualitatively (though numerical values are sometimes used in a
multiple-criteria decision analysis [80]), which does not enable the explicit assessment
of the trade-offs between length and quality of life on the one hand and other value
elements on the other hand. Quantifying additional value elements (in combination with
estimating the change in the cost-effectiveness threshold if additional value elements
are included) would provide insight into these trade-offs. Further research may be
conducted to identify all relevant elements of value, clearly define them and determine
how to measure them. Nonetheless, researchers are encouraged to stay mindful of
the difference between value to individuals and value to society at large, given that
healthcare payers often make decisions at the societal level and may not be willing to
pay for all elements that bring value to individual patients.

Conclusions

This study provides a comprehensive list of recommendations to modellers of PM
and evaluators/reviewers of such models. The recommendations provide valuable
guidance, given the ongoing discussions about the value of PM and the many modelling
complexities brought about by PM, and aim to contribute to improved consistency and
quality across different health economic models of PM.
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Abstract

Objectives

We evaluated the prognostic value of the neurotrophic tyrosine receptor kinase (NTRK)
gene fusions by comparing the survival of patients with NTRK+ tumours with patients
without NTRK+ tumours.

Methods

We used genomic and clinical registry data from the Center for Personalized Cancer
Treatment (CPCT-02) study containing a cohort of cancer patients who were treated
in Dutch clinical practice between 2012 and 2020. We performed a propensity score
matching analysis, where NTRK+ patients were matched to NTRK- patients in a 1:4 ratio.
We subsequently analysed the survival of the matched sample of NTRK+ and NTRK-
patients using the Kaplan-Meier method and Cox regression, and performed an analysis
of credibility to evaluate the plausibility of our result.

Results

Among 3,556 patients from the CPCT-02 study with known tumour location, 24 NTRK+
patients were identified. NTRK+ patients were distributed across nine different tumour
types: bone/soft tissue, breast, colorectal, head and neck, lung, pancreas, prostate, skin
and urinary tract. NTRK fusions involving the NTRK3 gene (46%) and NTRK1 gene (33%)
were most common. The survival analysis rendered a hazard ratio (HR) of 1.44 (95% Cl
0.81-2.55) for NTRK+ patients. Using the point estimates of three prior studies on the
prognostic value of NTRK fusions, our finding that the HR is > 1 was deemed plausible.

Conclusions
NTRK+ patients may have an increased risk of death compared with NTRK- patients.
When using historic control data to assess the comparative effectiveness of TRK
inhibitors, the prognostic value of the NTRK fusion biomarker should therefore be
accounted for.
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Introduction

In line with an increased focus on genetic markers to better target cancer care,
larotrectinib and entrectinib came to the market as the first two molecularly targeted
therapies with a histology-independent (also called tissue or tumour agnostic)
label. Larotrectinib received marketing authorisation from the US Food and Drug
Administration (FDA) in November 2018 and was conditionally approved by the European
Medicines Agency (EMA) in September 2019. Entrectinib followed in August 2019 and July
2020, respectively. Both pharmaceuticals are indicated for patients who have locally
advanced or metastatic solid tumours with neurotrophic tyrosine receptor kinase (NTRK)
gene fusions. They can be prescribed regardless of the tissue of origin of the tumour,
and therefore are classed as histology-independent therapies [1]. While the prevalence
of NTRK gene fusions varies significantly across different cancers, NTRK gene fusions
are generally rare. A retrospective study conducted in the Netherlands found that
NTRK gene fusions were identified in only 0.93% of patients referred for NTRK testing
[2]. Indeed, the estimated prevalence across all cancer patients is only 0.30% [3]. NTRK
fusions result from chromosomal rearrangements that cause the 3' region of the NTRK
genetojoin the 5' region of a fusion partner gene. Such fusions may result in TRK fusion
proteins with constitutively active tyrosine kinases, which can lead to tumour growth
[4]. In this paper, we will refer to patients who have cancer tumours with (without) NTRK
gene fusions as NTRK+ (NTRK-) patients. Larotrectinib and entrectinib are inhibitors of
the three most common types of TRK protein: TRKA, TRKB and TRKC (encoded by the
NTRK1, NTRK2 and NTRK3 genes, respectively). Trial results for both larotrectinib and
entrectinib appear promising. A pooled analysis for three phase I/Il clinical trials for
larotrectinib, which included 244 patients, found a 67% objective response rate (ORR)
[95% confidence interval (Cl) 63-75] and a median duration of response (DoR) of 32.9
months (95% Cl 27.3-41.7) [5]. A pooled analysis for three phase I/Il trials for entrectinib,
including 121 patients with a median follow-up of 25.8 months, found an ORR of 63%
(95% Cl 31-89) and median DoR of 22.1 months (95% CI 7.4 to not estimable) [6]. However,
larotrectinib and entrectinib were evaluated on a subset of tumour types, therefore there
is uncertainty on the efficacy of these treatments for other tumour types. Additionally, the
trials for larotrectinib and entrectinib were single-arm trials. Due to the lack of a control
arm, the comparative effectiveness of the two TRK inhibitors cannot be established
from the trial data alone. Additional data on the effectiveness of standard of care (SoC)
for NTRK+ patients are needed. Briggs et al. outlined three methods for estimating the
counterfactual in the absence of direct comparative data, using larotrectinib as a case
study [7]. Two of these methods require access to the patient-level trial data. The first
method uses the progression-free survival (PFS) that trial patients experienced during
the previous line of therapy (i.e. before receiving the TRK inhibitor) as a proxy for the
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comparator arm and assumes the relationship between PFS and overall survival (OS)
to be the same for both the TRK inhibitor and the comparator. The second method
uses the PFS and OS for non-responders in the trial (i.e. those with stable or progressive
disease after receiving the TRK inhibitor) as a proxy for the comparator arm. When
patient-level data are not available, a third method can be used, which involves the use
of a historical cohort to estimate survival in the control arm. In their study, Briggs et al.
performed a systematic literature review for SoC treatment outcomes for each tumour
type included in the larotrectinib trial and subsequently weighted the obtained data
according to the distribution of tumour types in the trial. However, estimates of the
effectiveness of SoC are generally not available for NTRK+ patients specifically, given
that cancer treatments have mostly been prescribed based on the tissue of origin (e.g.
breast, pancreas), without identifying patients’ NTRK status. If patients with NTRK fusions
have a different disease prognosis from patients without NTRK fusions, historical data
combining NTRK+and NTRK- patients may provide biased estimates of SoC effectiveness
for NTRK+ patients. To establish whether historical data are appropriate, it isimportant
to identify the prognostic value of NTRK fusions. If needed, the estimated prognostic
value can subsequently also be used to adjust historical estimates of SoC effectiveness
to better reflect the NTRK+ population. That is, when (extrapolated) survival data are
available for a sample of NTRK- patients, the estimated hazard ratio can be applied to
the survival times to get an estimate of the survival had the population been NTRK+. In
this study, we estimated a hazard ratio (HR) for the survival of NTRK+ patients relative to
NTRK- patients. We performed a retrospective matching analysis on the Hartwig Medical
Foundation (HMF) database, which comprises genomic and clinical data for metastatic
cancer patients. We also used a Bayesian framework alongside the frequentist method
to evaluate how plausible it is that there is indeed a difference in survival prognosis
between NTRK+and NTRK- patients (i.e. the effect of carrying an NTRK fusion on survival
is non-zero, or HR # 1) through an analysis of credibility [8, 9].

Methods

Data

The HMF database encompasses de-identified genomic and clinical registry data for
cancer patients who were treated in Dutch clinical practice. We used data from the
Center for Personalized Cancer Treatment (CPCT-02) study (NCT01855477), which is a
subcohortin the HMF database. The study was approved by medical ethical committees
of the University Medical Center Utrecht and the Netherlands Cancer Institute and
was conducted in concordance with the Declaration of Helsinki, Dutch law and Good
Clinical Practice. In the CPCT-02 study, whole-genome sequencing of tumour DNA was
performed for thousands of patients from 44 academic, teaching and general hospitals

90



Prognostic value of the NTRK fusion biomarker in the Netherlands

in the Netherlands, over the period from 2012 until 2020. Patients were eligible for
enrolment in the CPCT-02 study if (1) their age was = 18 years, (2) they had a locally
advanced or metastatic solid tumour, (3) they had an indication for a new line of systemic
treatment with registered anti-cancer agents, (4) performing a biopsy on tumour tissue
was safe according to the treating physician and (5) frozen blood and tissue samples
were available and sufficient for whole-genome sequencing (WGS). All included patients
gave explicit consent for the use of their genomic and clinical data for research purposes.
From the HMF database we obtained various genetic markers that were identified in
patients’ tumour DNA, including NTRK gene fusions and other markers that are known as
actionable targets for treatment. Detailed information on sample collection and the WGS
procedure can be found elsewhere [10-12]. We also extracted data on several clinical
variables, including the age and sex of the patient, the tumour type (i.e. tissue of origin),
the year(s) in which tumour biopsies were performed, the starting date of the first post-
biopsy treatment, the number of previous lines of therapy, a binary variable indicating
whether the patient had died during the period of the study and, for patients remaining
alive, the last known date at which they were still alive.

Matching Analysis

Patients were classified into two cohorts: NTRK+ patients and NTRK- patients. Given that
the CPCT-02 study provides sequencing data of the tumour DNA, it cannot be known
with certainty whether identified NTRK gene fusions are functional, i.e. whether they lead
to the expression of fusion TRK proteins that have constitutive tyrosine kinase activity.
Nonetheless, two necessary conditions for an NTRK gene fusion to be functional can
be determined from the tumour DNA, namely an NTRK1, NTRK2 or NTRK3 gene with a
complete tyrosine kinase domain is present on the 3" end of the (postulated) transcript
and the fusion gene (likely) encodes for an in-frame protein. Only patients who had
NTRK gene fusions meeting the conditions were included in the NTKR+ cohort, while
patients with NTRK gene fusions that did not meet the conditions were included in the
NTRK- cohort.

To increase comparability between the NTRK+ and NTRK- patient cohorts, we only
included NTRK- patients who had one of the tumour types appearing in the NTRK+
cohort. In both cohorts, patients who had received experimental treatments were
excluded, given that our aim was to estimate the effectiveness of standard care. Patients
for whom survival time could not be estimated because of missing dates on their
appointment logs were also excluded.

We subsequently performed a propensity score matching analysis to identify a subgroup
of NTRK- patients similar to the group of NTRK+ patients. Within each tumour type,
patients were matched on the available demographic and clinical variables in the
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HMF database, i.e. age, sex, year of biopsy and number of previous lines of therapy.
Age and sex are well-reported factors influencing expected disease outcomes, hence
were included. The ‘year of biopsy’ variable was included to address possible changes
in treatment patterns and treatment effectiveness over the included time period (2012-
2020). The number of previous lines of treatment was included as a binary variable (<2
or>2 previous lines) and served as a proxy reflecting patients’ severity of disease, given
that patients who have had many treatments already may be in a more advanced stage
of disease. We used the optimal matching method [12] (see Online resource S1 for more
details) without replacement, with a ratio of 1:4 (NTRK+: NTRK-) and a caliper width of
0.5 times the pooled estimate of the common standard deviation of the logits of the
propensity scores. With smaller calipers, it was not possible to find a feasible optimal
fixed ratio matching. Given the small sample size, no interaction terms or higher orders
of the covariates were used. To assess whether the NTRK+ cohort and the matched
NTRK- cohort were sufficiently similar to enable reliable estimation of the prognostic
value of NTRK gene fusions, we used the three conditions outlined by Rubin [13]. First,
the difference in the means of the propensity scores in the NTRK+ and NTRK- groups
must be small, with the standardised measure Rubin’s B < 0.25. Also, the ratio of the
variances of the propensity scores in the two groups (Rubin’s R), as well as the ratio of
the variances of the residuals of the covariates after adjusting for the propensity score,
must be between 0.5and 2.

Although NTRK gene fusions are generally seen to be driver gene alterations (i.e. the
alteration causing the onset and progression of tumour growth), they might in some cases
not be the (only) oncogenic driver. We therefore performed a sensitivity analysis where
we excluded NTRK+ patients whose tumour DNA contained other (known) oncogenic
biomarkers. The remaining NTRK+ patients were matched to NTRK- patients using the
same method as in the main analysis. Based on current knowledge about actionable
biomarkers, we included mutations in the ALK, BRAF, EGFR, ERBB2, KRAS or ROS1 genes,
as well as high tumour mutational burden (TMB) and microsatellite instability (MS).

Survival Analysis

We analysed the survival of patients with and without NTRK gene fusions using the
Kaplan-Meier method and Cox regression. To calculate patients’ overall survival (OS),
we estimated the period between the start of the first post-biopsy treatment and the
time of death or censor. Patients who were not recorded as dead were censored at
their last known date of being alive, which was the date of their last appointment to
assess response to treatment. The survival analysis was also performed on the sensitivity
analysis dataset described above.
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Analysis of Credibility

Because of their small sample sizes, studies on the prognostic value of rare mutations
such as NTRK gene fusions suffer from a lack of power in frequentist inference. This may
lead to statistically insignificant study results. Also, p-values have been argued to be
poor indicators of whether an effect is truly present (or absent) [8]. Instead, we used the
analysis of credibility (AnCred) method, which originates from Bayesian methods, and
is seen as a more nuanced alternative for evaluating the plausibility of study findings
than the ‘pass/fail’ dichotomy posed by the p-value threshold of 0.05 [15]. In AnCred, the
study finding (expressed as a point estimate and 95% Cl) is used to calculate a critical
prior interval (CPI) (see Online Resource S2 for more details) [9, 15]. The CPI indicates
the level of support needed from prior studies to have credible evidence for a non-
zero effect. For example, when the study finding of interest is non-significant, previous
studies will make the finding plausible of a non-zero effect size if their point estimates
fall within the CPI. This process is an inversion of Bayes’ Theorem, as the study finding
isused to deduce the range of prior effect sizes—the CPI—leading to a posterior interval
that excludes ‘no effect’.

Results

Patient Characteristics

Among 3,556 patients from the CPCT-02 study with known tumour location, 24 had
tumours harbouring a likely functional NTRK gene fusion (Fig. 1). NTRK+ patients were
spread across nine different tumour types: bone/soft tissue, breast, colorectal, head and
neck, lung, pancreas, prostate, skin and urinary tract. The distribution of the different
NTRK genes (NTRK1/NTRK2/NTRK3) across the tumour types is shown in Fig. 2. Among
the remaining 2,719 patients without an NTRK gene fusion, 2,069 had one of the tumour
types occurring in the NTRK+ cohort hence were included in the NTRK- cohort (Fig. 1).

In the NTRK+ cohort, the median age was 59 years (range 55-67 years), and 13 patients
(54%) were female (Table 1). A minority of patients (33%) had received more than two
lines of prior therapy. Most NTRK fusions involved the NTRK3 gene (11 patients, 46%) or
NTRK1 gene (8 patients, 33%) (Fig. 2). Of the 24 different fusion partners identified, 20
were novel fusions that have not yet been reported in the Quiver database, a curated
database of known oncogenic gene fusions. Other biomarkers found among NTRK+
patients were mutations in the BRAF, EGFR, ERBB2 and KRAS genes, as well as high TMB
and MSI (Table 2) [16].

In the (non-matched) NTRK- cohort, the median age was higher (63 years, range 55-70
years), as was the percentage of patients with more than two lines of prior therapy (47%)
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(Table 1). The tumour distributions also differed between the non-matched NTRK- cohort

and the NTRK+ cohort.

Table 1 Patient characte

ristics

NTRK+ NTRK- (n =2,165)
(n=24)
Nc;:-:r;’aotgg)ed SD I\I::t::ee)d sD

Ageinyears, median  59.0 63.0(55.0;70.0)  -0.150 59.0 (55.0;67.0) 0.081
(range) (55.5;67.5)
Gender, n (%) 0.043 0.020

Female 13 (54.2) 1,077 (52.1) 55(57.3)

Male 11 (45.8 992 (47.9) 41 (42.7)
e

Bone/Soft tissue 1(4.2) 126 (6.1) 4(4.2)

Breast 5(20.8) 560 (27.1) 20 (20.8)

Colon/Rectum 1(4.2) 362 (17.5) 4(4.2)

Head and neck 1(4.2) 34 (1.6) 4(4.2)

Lung 4(16.7) 242 (11.7) 16 (16.7)

Pancreas 4(16.7) 106 (5.1) 16 (16.7)

Prostate 3(12.5) 267 (12.9) 12(12.5)

Skin 4(16.7) 249 (12.0) 16 (16.7)

Urinary tract 1(4.2) 123 (5.9) 4(4.2)
Number of previous
lines of therapy 0.282 0.040
(categories), n (%)

<=2 16 (66.7) 1,096 (53.0) 62 (64.6)

>7 8(33.3) 973 (47.0) 34 (35.4)
Year of biopsy, n (%) -0.151 0.003

2015 1(4.2) 48 (2.3) 3(3.1)

2016 6 (25.0) 303 (14.6) 23 (24.0)

2017 8(33.3) 788 (38.1) 35(36.5)

2018 5(20.8) 694 (33.5) 25 (26.0)

2019 2(8.3) 200 (9.7) 3(3.1)

2020 1(4.2) 27 (1.3) 3(3.1)

2021 1(4.2) 9(0.4) 4(4.2)

94



Prognostic value of the NTRK fusion biomarker in the Netherlands

Table 2 Identified NTRK gene fusions and concurrent biomarkers

Tumour location

Gene fusion

Bone/soft tissue (n=1)
Breast (n=5)

Colorectal (n=1)
Head and neck (n=1)
Lung (n=4)

Pancreas (n=4)

Prostate (n=3)

Skin (n=4)

Urinary tract (n=1)

TPM3_NTRK1
CYP11A1_NTRK3
EFTUDIP1_NTRK3
GCNTI1_NTRK2
RP11-315D16.2_NTRK3
SEMA4B_NTRK3
SFPQ_NTRK1
PRCC_NTRK1
ITLN2_NTRK1
PIGR_NTRK1
SLC25A21_NTRK1
TGM6_NTRK2
CAMK2A_NTRK3
EML4_NTRK3
SH2D2A_NTRK1
TPR_NTRK1
AC005772.2_NTRK3
ATAD2_NTRK3
RBPJ_NTRK3
CTD-203414.1_NTRK3
PTGFRN_NTRK2
SH3GL3_NTRK3
TNKS_NTRK2
MAPKAP1_NTRK2
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Patients with known locally
advanced or metastatic tumour
from the CPCT-02 study (N= 3,556)

NTRK positive (n=24) with available NTRK negative (n=2,719) with available
survival time, known tumour location survival time, known tumour location
and no post-biopsy experimental and no post-biopsy experimental

treatment treatment

Matched on baseline characteristics;
1:4 match within a tumour type
(n=120)

Non-matched:
NTRK negative (n=2,623)

Figure 1 Study schema. CPCT-02, Center for Personalized Cancer Treatment, NTRK, neurotrophic
tyrosine receptor kinase
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Figure 2 Distribution of tumour types in the NTRK+ cohort

Matching and Survival Analysis

In the propensity score matching analysis, the 24 patients in the NTRK+ cohort were
matched with 96 NTRK- patients. Standardised mean difference between groups were
reduced for all covariates after propensity score matching (Table 1). Rubin’s B was 0.02
after matching, well below the recommended upper limit of 0.25. The variance ratios
(Rubin’s R) of the propensity score and the covariates were also within the recommended
range of 0.5-2 (Online Resource S3). Moreover, the box plot of the distribution of the
logit of the propensity score shows an optimal overlap for the matched observations
(Online Resource S4). Similarly, balance was obtained in the propensity score matching
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sensitivity analysis (Online Resources S5 and S6). Median OS of 12.7 months (95% Cl
6.3-17.4) and 11.6 months (95% CI 7.8-17.9) were observed in the NTRK+ cohort and
the matched NTRK- cohort, respectively. Despite the longer median OS for NTRK+
patients, the survival analysis rendered an HR of 1.44 (95% Cl 0.81-2.55) (Fig. 3), meaning
that NTRK+ patients are at higher risk of dying than NTRK- patients. The adjusted Cox
regression provided an HR very close to the unadjusted, i.e. HR of 1.41 (95% CI 0.79-2.52).
Thisresultisin line with the reduction in the standardised mean difference between the
covariates used for the propensity score, which is below 0.10, implying that performing
a double adjustment is not necessary [17]. Additionally, a restricted mean survival
time (RMST) analysis was conducted up to 40 months, representing the minimum of
the largest observed event time within the NTRK- cohort. A 16.3 month RMST (95%
Cl 13.0-19.7) was estimated for NTRK+ patients, compared to 12.5 months RMST (95%
Cl 9.3-16.3) for NTRK~ patients, supporting the results of the survival analysis. In the
sensitivity analysis, where NTRK+ patients with concurrent oncogenic biomarkers were
excluded, we found a lower HR than in the main analysis (1.20, 95% CI 0.61-2.36) (Fig. 4).

10 NTREpos Events/Total Median (35% CI)  HR (35% CI)
—_— Mo =1 167817 Paterence
— R 1624 127 (B3174) 144 081-255)

09 Logrank P-valie: 02095 + Censor
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Figure 3 Kaplan-Meier plot for OS analysis
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Figure 4 Kaplan-Meier plot for OS sensitivity analysis

Analysis of Credibility

The point estimate (1.44) and 95% ClI (0.81-2.55) in our main analysis show that the
central effect is in the direction of a positive effect (i.e. HR > 1). However, HR values
smallerthan 1 areincluded in the 95% Cl, and so the estimated point value is statistically
non-significant. The CPI associated with our results was calculated to be 1.0-11.2 (see
Online Resource S2 for details), meaning that prior studies with estimates falling within
this range make it more plausible that the HR for the survival of patients with NTRK+
tumoursis larger than 1. To our knowledge, only three other studies have estimated the
prognostic value of NTRK fusions. Two used the Flatiron Health-Foundation Medicine
clinic-genomic database and one used the Genomic England database. Hibar et al. found
an HR of 1.6 (95% CI 1.0-2.5) on survival analysis of 28 NTRK+ patients and 280 matched
NTRK- patients. Bazhenova et al. found an HR of 1.44 (95% Cl 0.61-3.37) in an analysis
of 27 NTRK+ and 107 matched NTRK- patients [18]. Bridgewater et al. analysed 18 NTRK+
and 72 matched NTRK- patients and found a similar HR value of 1.47 (95% CI 0.39-5.57)
[19]. Given that the point estimates of all three studies fall within the CPI, the studies
support the plausibility of our finding that the survival HR for NTRK+ patientsis>1. That
is, itis plausible that NTRK+ patients have a worse prognosis than NTRK- patients.
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Discussion

Our study describes the clinical characteristics and survival of NTRK+ patients with
advanced or metastatic disease who have previously been treated in Dutch clinical
practice with SoC therapies other than targeted TRK inhibitors. NTRK+ patients appeared
to have worse survival compared with NTRK- patients.

As the focus on better targeted, or ‘personalised’, cancer care continues, NTRK+ patients
may be the first of many small patient groups with a specific genetic marker for whom
treatment effectiveness must be evaluated. It has been argued that randomised
controlled trials (RCTs), the preferred option to reliably estimate effectiveness [20, 21],
may be difficult and time consuming to conduct for such small patient groups [22].
Although adapted, more flexible versions of the RCT design have been suggested [23,
24], pharmaceutical companies have so far mostly resorted to single-arm trials [23,
24]. Single-arm trials are poorly equipped to provide estimates of relative treatment
effectiveness, due to the absence of a control arm reflecting the effectiveness of standard
care. Briggs et al. [7] outlined possible ways to construct a control arm when faced with
single-arm trial data for tumour-agnostic (i.e. genetic marker-focussed) treatments,
including the use of historical data. We have expanded their work by arguing that, when
evaluating the effectiveness of a treatment targeting a specific genetic marker, historical
data may have to be adjusted for the prognostic value of said genetic marker. In this study
we focussed on estimating the prognostic value of NTRK gene fusions. How the results
can subsequently be used in an economic model evaluating treatment effectiveness can
be found elsewhere [25]. While the results indicate that NTRK+ is a prognostic factor for
earlier death relative to NTRK-, when using the HR on extrapolated survival estimated
on NTRK- patients, the proportional hazards assumption is adopted for the entire
forecasted period. Looking at the Kaplan-Meier survival plots, it is uncertain whether
this assumption holds true.

As mentioned in the “Results” section, the prognostic value of NTRK gene fusions
has been estimated in three prior studies focussing on the UK and the USA, using the
Genomic England and Flatlron Health-Foundation Medicine databases. All studies to
date, including ours, have been retrospective. A number of key differences among the
studies can be noted. Firstly, in our study the median age of the patients was around
60 years and no patients under 18 were included, while Bridgewater et al. included
paediatric patients. Our study excluded patients treated with either TRK inhibitor or
unlabelled therapy. Even though Bazhenova et al. conducted their study prior to the
approval of larotrectinib and entrectinib in the USA, one patient with NTRK+ disease
had received an unknown investigational agent in a clinical trial. Our cohort included
some patients with tumour types not found in other studies (e.g. prostate and urothelial
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cancer). Also, the subtype of tumour was missing for some patients in the HMF database.
This may be the reason why our study includes head and neck cancer as a broad tumour
type, which potentially includes salivary gland tumours. Furthermore, the index date
from which OS was measured varied between studies; Bazhenova et al. used the date of
gene sequencing report in their primary analysis, Hibar et al. and Bridgewater et al. used
the date of diagnosis. Hibar et al. used the start of last available treatment line before the
NGS report in a sensitivity analysis. In our study, we used the date of first post-biopsy
treatment to avoid potential immortal bias between the date of biopsy and the start of
the treatment [26].

Despite these differences, all studies reported the same direction of effect, i.e. NTRK+
status increases the risk of mortality, with varying degrees of uncertainty.

The AnCred methodology has typically been used to interpret study results in the
light of prior studies that have demonstrated an effect. Our application of AnCred is
slightly different as there was no previous conclusive evidence, but rather previous
uncertain evidence due to the sample size restrictions. We interpret our results in light
of these previous studies to reflect a credible direction of effect. As EMA increasingly
approves drugs based on evidence from single-arm studies, the challenge of dealing
with uncertainty in HTA and reimbursement decision making is increasing. Against this
background, itisimportant to use different means of managing uncertainty, one of which
is the comparison of the previous results with the critical priorinterval of AnCred.

We add to the literature by presenting findings obtained in a different country setting and
using a different clinicogenomic database. Our sample distribution over age and primary
tumour type broadly aligns with figures on solid cancer incidence in Western Europe,
suggesting our Netherlands-focused research results may be applicable to Western
Europe more broadly [27, 28].

Limitations

The aim of the CPCT-02 study was to identify patients eligible for clinical trials of targeted
therapies (NCT01855477). That is, most patients enrolled in CPCT-02 had little to no SoC
alternatives remaining. This isin line with the therapeutic indications for TRK inhibitors
entrectinib and larotrectinib, both of which are for patients ‘who have no satisfactory
treatment options’ according to the EMA [29, 30]. Nonetheless, there appear to be
differences in patient characteristics between our study and a recent study focussing
on NTRK testing in Dutch routine care [2], suggesting that the population included in the
CPCT-02 study may not be fully representative of the population subject to NTRK testing
(and treatment) in clinical practice. It is unknown to what extent such differences might
affect our estimated HR for overall survival.
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Because of limited availability of clinical data in the HMF database, we may not have
included all relevant covariates in the matching process. Residual confounding can
therefore not be ruled out. For example, known predictors of mortality [31] such as
disease stage, severity of disease (e.g. measured by Eastern Cooperative Oncology Group
[ECOG] performance status), serum albumin and platelet count, were not available in the
dataset. For lack of explicit data on patients’ severity of disease, we used ‘the number
of previous lines of therapy’ as a proxy. We theorise that patients who have had many
treatments already are likely to be in a more advanced stage of disease, but this might not
always be true as severely ill patients may be too weak to receive many lines of treatment.

In this study, we estimated a single HR value for all NTRK+ patients. However, evidence
suggests heterogeneity in the prognostic value of NTRK gene fusions across tumour
types [32]. We deemed our sample of 24 patients with NTRK+ tumours too small to
obtain meaningful results from a subgroup analysis. Nonetheless, we encourage further
research into methods that might be used to perform subgroup analyses on small patient
samples [32].

When excluding NTRK+ patients with concurrent oncogenic biomarkers, we found a lower
HR (1.20, 95% Cl 0.61-2.36). When concurrent biomarkers are oncogenic drivers, there
may be an interplay between said oncogenic drivers and the NTRK fusion gene, whereby
collaborating oncogenic pathways are activated and tumour growth may be increased
[33]. Thus, including patients with concurrent biomarkers in the NTRK+ cohort, as we
did in the main analysis, may lead to an overestimation of the prognostic value of NTRK
gene fusions per se. Nonetheless, the HR value estimated in the sensitivity analysis is
largerthan 1, suggesting that even if the HR value was overestimated in the main analysis,
NTRK+ patients are still faced with worse survival than NTRK- patients.

Research and Policy Considerations

The advent of tumour-agnostic cancer care expands treatment opportunities and
possibly enables better targeting of care. However, pooling patients in a tumour-agnostic
manner when estimating treatment effectiveness may be inappropriate. There is likely
heterogeneity in treatment effectiveness across tumours with different histologies and
tissues of origin, for example because of differences in survival between tumour types
and differences in the prognostic value of oncogenic drivers (e.g. it has been found
that the tumour-promoting activity of oncogenic drivers may depend on the tissue of
origin) [33, 34]. We therefore recommend that treatment effectiveness is estimated not
only for the whole patient population with a specific genetic marker but for relevant
subgroups as well. We acknowledge that doing so would reduce the sample sizes per
disease indication even further. Solutions may be found during the running of the trial
(e.g. stopping rules in an adaptive trial design framework) and in applying statistical
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methods that do not assume identical treatment effect between tumour types (e.g.
exchangeability assumption in the Bayesian approach), as well as in more extensive
collection of (real-world) data [35-37].

Beyond heterogeneity in treatment effect, there may also be heterogeneity in
comparative effectiveness and cost-effectiveness, due to differences in the effectiveness
and costs of comparative therapies across tumour types, as well as differences in existing
testing protocols [e.g. broad genetic testing is already commonplace for non-small cell
lung cancer (NSCLC) in the Netherlands, making the additional cost of testing for NTRK
gene fusions negligible]. Reimbursement decisions for tumour-agnostic treatments
may therefore also have to be specified for relevant subgroups instead of the whole
population with the genetic marker.

Our research on the prognostic value of NTRK fusions and, relatedly, the treatment
effectiveness of larotrectinib and entrectinib [25], was hampered by limited data. With
alarger database and data on more clinical variables, we might have been able to provide
further insights. Given that genetic marker-based pharmaceuticals (and single-arm
trials) are likely to become more frequent, we encourage policymakers to consider more
widespread collection of clinicogenomic data, and better linking of existing databases.
As pharmaceutical trials have been notoriously Caucasian- and male focused [38, 39],
we would like to stress the importance of ensuring that the populations included in
clinic-genomic databases reflect real-life populations.

In conclusion, our findings suggest that patients with tumours harbouring an NTRK fusion
gene may have an increased, or at least similar, risk of death compared with matched
patients with tumours harbouring NTRK wildtype genes. This emphasises the relevance
of NTRK gene fusions as actionable drug targets and provides support for the potential
clinical benefit of TRK inhibitor therapy. By showing that survival may differ between
NTRK+ and NTRK- patients, our study underscores the need to correct historic control
data for the prognostic value of biomarkers when assessing comparative effectiveness.
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CHAPTER5

Abstract

Objectives

This study tackles several challenges of evaluating histology-independent treatments
using entrectinib as an example. Histology-independent treatments are provided based
on genetic marker(s) of tumors, regardless of the tumor type. We evaluated the lifetime
cost-effectiveness of testing all patients for NTRK fusions and treating the positive cases
with entrectinib compared with no testing and standard of care (SoC) for all patients.

Methods

The health economic model consisted of a decision tree reflecting the NTRK testing
phase followed by a microsimulation model reflecting treatment with either entrectinib
or SoC. Efficacy of entrectinib was based on data from basket trials, whereas historical
data from NTRK-negative patients were corrected for the prognostic value of NTRK
fusions to model SoC.

Results

“Testing” (testing for NTRK fusions, with subsequent entrectinib treatment in NTRK-
positive patients and SoC in NTRK-negative patients) had higher per-patient quality-
adjusted life-years (QALYs) and costs than “No testing” (SoC for all patients), with a
difference of 0.0043 and €732, respectively. This corresponded to an incremental cost-
effectiveness ratio (ICER) of €169,957/QALY and, using a cost-effectiveness threshold
of €80,000/QALY, an incremental net monetary benefit of ~€388. When excluding the
costs of genetic testing for NTRK fusions, the ICER was reduced to €36,290/QALY and
the incremental net monetary benefit increased to €188.

Conclusions

When treatment requires the identification of a genetic marker, the associated costs and
effects need to be accounted for. Because of the low prevalence of NTRK fusions, the
number needed-to-test to identify patients eligible for entrectinib is large. Excluding the
testing phase reduces the ICER substantially.
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Introduction

Recently, the European Medicines Agency (EMA) approved the first histology-independent
treatments, entrectinib and larotrectinib, for tumors with NTRK gene fusions.*? Histology-
independent (also called “tumor-agnostic”) treatments are prescribed based on a genetic
marker of the tumor, whereas most other oncology treatments are prescribed based
on the tumor type. Evaluating the efficacy and cost-effectiveness of existing histology-
independent treatments has proven challenging for various reasons.?

First, clinical trials for entrectinib and larotrectinib were basket trials where patients
with different tumor types were pooled together.*>¢ Because of the small number of
patients per tumor type, tumor-specific effectiveness was not provided and marketing
authorization for the pharmaceuticals was granted for all NTRK-positive (NTRK+) tumors,
assuming similar efficacy across tumor types. Nevertheless, there may be heterogeneity
in treatment effect across the tumor types.” Second, the trials were single-arm trials. The
lack of randomized controlled trial (RCT) data for entrectinib and larotrectinib creates
additional uncertainty around their effectiveness. Although historical data might be used
to construct a synthetic control arm to the trial arm, it can be highly difficult to ascertain
that the patient populationsin control and intervention arm are sufficiently comparable.®
A key issue for histology-independent treatments is that all patients in the trial have
tumors with a specific genetic marker, whereas the available historical data is likely for
a mixed patient population with tumors with and without the genetic marker. Given that
genetic markers may affect disease prognosis, historical data from patients without the
genetic marker should be corrected for the prognostic value of the genetic marker.’

Third, for most tumor types the standard of care (SoC) does not include testing for
NTRK fusions, meaning that the introduction of TRK inhibitors would also require the
introduction of NTRK testing. Evaluating the cost-effectiveness of a new treatment
requires a comparison between the new situation, in which the intervention is
implemented, and the current situation.® To accurately reflect the new situation, all
changes to the care pathway that are needed to identify and treat eligible patients
need to be accounted for. That is, the health and cost consequences associated with
introducing NTRK testing should be included in the cost-effectiveness analysis of TRK
inhibitors. Various topics are to be considered when modeling tests, including the
expected testing procedures in clinical practice, test properties (eg, sensitivity and
specificity), and mortality during the testing phase.’

In this article, we estimate the cost-effectiveness of entrectinib compared with SoC in
cancer patientsin The Netherlands. We compare a strategy in which patients are tested
for NTRK fusions and receive subsequent treatment (entrectinib for NTRK+ patients and
SoC for NTRK-negative [NTRK-] patients) to a strategy in which no additional testing
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is used and all patients receive SoC. We illustrate how some of the challenges arising
from single-arm trial data may be addressed (the second challenge mentioned above)
and how testing pathways can be incorporated in cost-effectiveness analyses (third
challenge).

Methods

Intervention and Comparator

The intervention comprised NTRK gene fusion testing for all patients with locally
advanced or metastatic solid tumors followed by treatment with entrectinib in NTRK+
patients and SoC in NTRK- patients. Patients in the comparator arm were not tested for
NTRK fusions and all patients received SoC. National tumor-specific treatment guidelines
were used to identify the treatments provided in SoC for each tumor type (Appendix
Table 1 in Supplemental Materials found at https://doi.org/10.1016/j.jval.2022.08.006).
We included treatments indicated for patients with locally advanced or metastatic solid
tumorswho had already received (at least) 1 systemic anticancer therapy.*® Experimental
treatments (ie, treatments outside current clinical guidelines) were excluded.

Larotrectinib also targets oncology patients with NTRK gene fusions and could be an
alternative to entrectinib. Nevertheless, we were unable to include both pharmaceuticals
in the model because of key differences in the trial populations, including the
distribution of tumor types and the presence of pediatric patients in the larotrectinib
trial but not the entrectinib trial. Publicly available data are insufficient to adjust the
estimated effectiveness in the entrectinib and larotrectinib trials for differences in the
trial populations. We opted to include entrectinib in our analysis because we had data
available on thefitted distribution for overall survival (OS) and treatment discontinuation
for entrectinib, whereas this data was not available for larotrectinib.

Study Population

The study population included adult patients with locally advanced or metastatic solid
tumors who have received one or more lines of treatment and are willing to undergo
further testing and treatment. Although entrectinib also received EMA approval for
pediatric patients = 12 years, there were no pediatric patients included in the ALKA-
372-001, STARTRK-1, and STARTRK-2 trials for entrectinib (hereafter called entrectinib
trials, N =54), so we opted to focus on the adult population. Based on the patient
characteristics in the trials, patients were assumed to be 58 years old upon entering
the model, with 59% of patients being female.® The included cancers were breast, bile
duct (ie, cholangiocarcinoma), colorectal, endometrial, ovarian, pancreatic, and thyroid
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cancer, as well as neuroendocrine tumor, non-small cell lung cancer, sarcoma, secretory
carcinoma of the breast, and secretory carcinoma of the salivary gland.

To model the testing phase of patients, the tumor types were categorized into 3
groups based on a consensus report of Dutch experts, which outlines the envisioned
NTRK testing policy in Dutch clinical practice®: (1) tumor types with high NTRK fusion
prevalence (> 90%), (2) tumor types with low NTRK fusion prevalence but wild-type TRK
protein expression, and (3) tumor types with low NTRK fusion prevalence and no/very
little wild-type TRK protein expression (Appendix Table 2 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2022.08.006).

The assumed distribution of patients across tumor types in the model was based on
the distribution in the pooled data set from the entrectinib trials. As the trials included
only NTRK+ patients, the trial distribution of tumor types was combined with the tumor-
specific NTRK prevalence to obtain the distribution of tumor types among the total group
of patients eligible for NTRK fusion testing (ie, both NTRK+ and NTRK- patients; Appendix
Table 2 in Supplemental Materials found at https://doi.org/10.1016/j.jval.2022.08.006).
Appendix Table 2 in Supplemental Materials found at https://doi.org/10.1016/j.
jval.2022.08.006 also shows the tumor distribution in Dutch clinical practice among our
study population, as observed in data from the Hartwig Medical Foundation (HMF), which
cover 44 hospitals in The Netherlands. Nonetheless, because we are using the pooled
effectiveness estimate from the entrectinib trials, we used the tumor distribution based
on the entrectinib trials in our model.

Model Structure

The model consists of a decision tree (reflecting the testing phase) and a microsimulation
(reflecting treatment) as shown in Figure 1. We used a lifetime time horizon and a cycle
length of 1 month in the microsimulation. Analyses were performed from a Dutch societal
perspective and effects and costs were discounted at 1.5% and 4%, respectively.*?
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Decision Tree
Patients enter the model in a decision tree that compares “NTRK fusion testing” with a
“no testing” strategy.

For patients receiving testing, the decision tree reflects the period from the decision to
test for potential eligibility for entrectinib until the start of treatment. All patients were
tested using immunohistochemistry (IHC) and/or next-generation sequencing of RNA
(RNA-NGS). Patients with tumor types in groups 1 (high NTRK fusion prevalence) and
2 (wild-type TRK protein expression) were tested only through RNA-NGS. Patients in
group 3 (low NTRK fusion prevalence, low TRK protein expression) first received an IHC
test to identify those with elevated levels of TRK proteins. Patients who tested positive
on the IHC test subsequently underwent confirmatory RNA-NGS testing. The latter
strategy may save costs, because IHC tests tend to be much cheaper than RNA-NGS
tests. Nevertheless, using IHC as a first screening tool has little added value in groups 1
and 2 because most patients will test positive on the IHC test, either because of the high
prevalence of NTRK gene fusions (group 1) or wild-type TRK protein expression (ie, TRK
protein expression that is not due to an NTRK fusion) (group 2). See Appendix Figures 1
and 2 in Supplemental Materials found at https://doi.org/10.1016/].jval.2022.08.006 for
a graphical representation of the different testing strategies.

Various probabilities are captured in the decision tree, including the probability that a
new tumor biopsy needs to be performed to enable NTRK testing. Because biopsies
sometimes fail to include sufficient tumor tissue and laboratory processes can fail, we
also included the probability that a rebiopsy is required. Given that IHC tests generally
can be performed using small amounts of tissue, the probability of rebiopsies was
included only for RNA-NGS tests. Because of a relatively high short-term mortality in our
study population, we also incorporated the probability of death during the testing phase.
We assumed that all patients received (tumor specific) SoC during the testing period.

Microsimulation Model

Patients who survived the testing period subsequently entered the microsimulation
model, where they received entrectinib if the test results were positive and SoC if
negative. We used an individual-level state-transition model with 3 health states: “alive

» o«

and on treatment,” “alive and off treatment,” and “dead.”

Note thatin group 3, patients with a negative test result on the IHC test did not receive
any further testing. Patients with a false negative result (ie, undetected NTRK+ patients)
were assigned the mortality rates for NTRK+ patients receiving SoC. Similarly, although
all patients receive SoC in the “no testing” strategy, the NTRK status of patients was
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tracked in the model so that the appropriate probabilities for treatment discontinuation
and survival could be applied.

Model Parameters
The model input parameters are summarized in Table 110111213146789 gnd described in

more detail below

Table 1 Input parameters

Input parameter Value Source OWSA PSA
Testing phase
NTRK prevalence (by tumour Table S2 +/-20% Beta
type)
IHC sensitivity (by tumourtype) — Table S3 +/-20% Beta
IHC specificity (by tumour type) — Table S3 +/-20% Beta
Probability biopsy NGS 0.098 3 +/-20% Beta
Probability rebiopsy NGS 0.159 3 +/-20% Beta
Probability biopsy IHC equal to Assumption +/-20% Beta
NGS
Duration waiting time 10.5 days Expertjudgement +/-20% Multivariate
- Biopsy requested until biopsy 14 days by 3 clinical normal
done geneticists and 1
- Re-biopsy requested untilre-  3.5days oncologist (mean
biopsy done estimate was used)
- (Re-)biopsy done until IHC test 10 days
results
- (Re-)biopsy done until RNA- 5.5days
NGS results
- Final test results available until
start of treatment
Cost biopsy Table S6 +/-20% Gamma*
Cost RNA-NGS Table S6 +/-20% Gamma*
Costs IHC Table S6 +/-20% Gamma*
Treatment phase
Starting age in years 58 8 +/-20% Normal*
Proportion females 0.59 8 +/-20% Beta
OS NTRK- (by tumour type) Table S5 HMF - Asymptomatic
normal®
TTD NTRK- (by tumour type) Table S5 HMF - Asymptomatic
normal®®
OS entrectinib exponential Roche - Multivariate
normal
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Table 1 Input parameters (continued)

Input parameter Value Source OWSA PSA

TTDisc entrectinib exponential Roche - Multivariate
normal

HR NTRK+ OS adjusted 1.44 HMF 95% Cl Lognormal

HR NTRK+ TTDisc adjusted 1.37 HMF 95% Cl Lognormal

Tumour distributiont Table S2 38 - -

Utilities - time to death - 2 +/-20% Multivariate
normal

Informal care use - Santietal. +/-20% Multivariate

(submitted) normal

Treatment costs SoC (per month) Table S7 +/-20% Gamma*

Treatment costs entrectinib (per  €5,913 Roche +/-20% Gamma*

month)

Adverse event costs (perevent)  Table S8 +/-20% Gamma*

Informal care costs (per hour) €14.77 40 +/-20% Gamma*

Hospital costs related and €4,453 PAID +/-20% -

unrelated to cancer per year (not
year before death) at age 58

Hospital costs related and €58,064 PAID +/-20% -
unrelated to cancerin the year
before death at age 58

Cl indicates confidence interval; HMF, Hartwig Medical Foundation; HR, hazard ratio; IHC,
immunohistochemistry; NGS, next-generation sequencing; NTRK-, NTRK negative; NTRK+, NTRK positive;
0S, overall survival; OWSA, one-way sensitivity analysis; PAID, Practical Application to Include Disease Costs;
PSA, probabilistic sensitivity analysis; SoC, standard of care; TTD, time-to-treatment-discontinuation.

* Assumption SD is 10% of the mean.

T Calculated using the following formula: tumor type distribution before test =tumor type distribution in
entrectinib trials / NTRK prevalence, rescaled to proportions.

Transition Probabilities

Decision tree

Estimates from the literature were used to obtain input values for various parameters,
including the probabilities of patients needing biopsies (9.8%) and rebiopsies (15.9%)
to enable testing'® and the test properties of IHC tests. Tumor-specific sensitivity and
specificity of the IHC test were used and varied between 73% to 100% and 50% to
100%, respectively (Appendix Table 3 in Supplemental Materials found at https://doi.
org/10.1016/].jval.2022.08.006). The sensitivity and specificity of RNA-NGS were assumed
to be 100%.%

Waiting times per element of the testing pathway were estimated by 4 experts (3 clinical
geneticists and 1 oncologist). The total waiting time in each arm was determined by the
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number of tests, biopsies, and rebiopsies performed and varied between 1 and 8 weeks.
The probability to die during the testing phase was based on the estimated waiting times
combined with tumor- and NTRK status-specific estimates of weekly mortality rates. The
latter were derived from the HMF database (Appendix Table 4 in Supplemental Materials
found at https://doi.org/10.1016/].jval.2022.08.006).

Microsimulation model

OS and time-to-treatment discontinuation (TTD) in NTRK+ patients receiving entrectinib
were based on the entrectinib trials. Because of the small sample size of the entrectinib
trials and the resulting lack of reliable tumor-specific estimates, we used single
parametric survival function data for all tumor types. We used the best fitting distribution
(exponential) and its coefficients from Roche’s model for reimbursement submission. ¢

As mentioned above, the entrectinib trials were single-arm trials. To be able to assess
the relative effectiveness of entrectinib compared with SoC, we created a synthetic
comparator arm. We used the HMF database, containing data from cancer patients
with locally advanced or metastatic tumors who had genomic profiling between 2012
and 2020 (CPCT-02 study - NCT01855477).1%'" Patients were eligible for enrolment in the
CPCT-02 study if (1) their age = 18 years, (2) they had a locally advanced or metastatic
solid tumor, (3) they had an indication for new line of systemic treatment with registered
anticancer agents, and (4) performing a tumor biopsy was safe according to the treating
physician.t? There are no publicly available patient-level data from the entrectinib trials,
meaning that statistical methods to match the study populations from the HMF database
and the entrectinib trials (eg, propensity score matching) could not be applied.*®

OS and TTD in NTRK- patients receiving SoC were based on data from 1,596 NTRK-
patients who received SoC (Appendix Fig. 3 in Supplemental Materials found at https://
doi.org/10.1016/].jval.2022.08.006). For each tumor type, parametric distributions were
fitted to data on OS and TTD, using the Akaike Information Criterion to determine the
parametric distribution with the best fit (Appendix Table 5 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2022.08.006). Subsequently, tumor-specific
monthly transition probabilities to “death” and “discontinuation of treatment” were
extracted to be used in the model. The transition probabilities to discontinuation of
treatment (entrectinib or SoC) and death were estimated independently.

To estimate transition probabilities to “death” and “treatment discontinuation” in NTRK+
patients receiving SoC, we applied a hazard ratio (HR) reflecting the prognostic value of
carrying an oncogenic NTRK gene fusion to the OS and TTD estimates for NTRK- patients.
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Prognostic value of NTRK fusions

We used the HMF database to estimate the prognostic value of an NTRK fusion. Patients
in the database were classified into 2 cohorts: NTRK+ and NTRK-. A subgroup of the
NTRK- cohort was matched to the patients in the NTRK+ cohort, using the optimal
matching method.** Within each tumor type, patients were matched based on baseline
patient characteristics, including age, sex, number of previous lines of therapy, and year
of biopsy, using a ratio of 1:4 (NTRK+:NTRK-). A total of 24 NTRK+ patients were matched
with 96 NTRK- patients, with a successful covariate balance between the 2 groups. OS
and TTD analyses were performed using the Kaplan-Meier method (Fig. 2) and Cox
regressions, with the date of the first postbiopsy treatment as the index date and age,
sex, and number of previous lines of treatment as covariates. If a subject was known to
be alive before the cutoff date, the subject was censored at the last known alive date. A
HR of 1.44 (95% confidence interval [Cl] 0.81-2.56) was estimated for OS among NTRK+
patients and 1.37 (95% Cl 0.86-2.18) for TTD (Appendix Fig. 4 in Supplemental Materials
found at https://doi.org/10.1016/].jval.2022.08.006). This suggests that in SoC, NTRK+
patients have worse prognosis than NTRK- patients. We assumed that the HRs were
constant across tumor types.
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Figure 2 Prognostic value of NTRK fusion on OS

Clindicates confidence interval; HR, hazard ratio; OS, overall survival; pos, positive.
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Costs
All costs are expressed in 2020 euros.

Decision tree

For each tumor type, we calculated the mean costs of biopsy, IHC testing, and RNA-NGS
testing. Cost variations across tumor types were caused by differences in the type of
biopsy needed (eg, more resources are needed for a lung biopsy than for a skin biopsy)
and differences in price-setting among the main treatment centers for the various tumor
types. The cost of an IHC test varied between €67 and €328 and the cost of an RNA-NGS
test varied between €870 and €2,137 (Appendix Table 6 in Supplemental Materials found
at https://doi.org/10.1016/].jval.2022.08.006).

Microsimulation model

We included the costs of oncology drugs and their administration (including admissions
ataday care unit if needed). For entrectinib, the monthly treatment cost was €5,913 for
all tumor types. The treatment costs for the various SoC treatments were combined
into an average cost per tumor type with a maximum of €5,501 per month for colorectal
cancer (Appendix Table 7 in Supplemental Materials found at https://doi.org/10.1016/].
jval.2022.08.006). In addition, costs for the treatment of adverse events (AEs) were
included. Because of a lack of data on AEs with entrectinib, we assumed that the
occurrence of AEs when receiving entrectinib was equal to AE occurrence in SoC. The
tumor-specific prevalence of AEs was multiplied by the cost of treating the AEs, with
input values for both variables based on estimates from the literature (Appendix Table 8
in Supplemental Materials found at https://doi.org/10.1016/j.jval.2022.08.006). The costs
of AEs were applied for patients in the “alive and on treatment” health state.

As per the Dutch health technology assessment (HTA) guideline, we also included the
costs of non-hospital care related to cancer (eg, psychosocial care, home nursing, and
general practitioner check-ups), as well as hospital and non-hospital care unrelated to
cancer. We obtained age-dependent cost estimates through the “Practical Application to
Include Disease Costs” tool.? At baseline, the total annual other healthcare costs derived
from “Practical Application to Include Disease Costs” (ie, excluding drugs, administration
of drugs, and AE costs) were €4,453. In the year before death, they increased to €58,064.

Regarding societal costs, we included informal care costs but no productivity costs.
Because the patients in our study population are in an advanced stage of cancer, we
assumed that they are already out of the workforce upon entering our model meaning
that no additional productivity losses occur (ie, the friction period has already passed).?
Informal care estimates were provided by a regression analysis that estimated the impact
of proximity to death on the use of informal care, correcting for covariates, such as age
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and sex, using the Survey of Health, Ageing, and Retirement in Europe data.?? The analysis
provided the probability of using informal care, as well as the amount of hours used. We
valued informal care at the standard rate recommended by the national HTA guideline
(€14.77 per hour).12

Utilities

Based on previous research findings that the quality of life decreases as patients
approach death, we incorporated patient utility in our model as a function of time to
death.” We used as model inputs the regression coefficients from a study that estimated
the relationship between proximity to death and utility.”* In the study, proximity-to-death
values were obtained using OS functions and utility values based on the SF-6D method
were used. Age and sex were also included as covariates, allowing us to include age-
and sex-specific patient utility in our model.? We included the utility during the testing
pathway, as well as during treatment.

Analyses

The decision tree and the microsimulation model were programmed in line with the
Decision Analysis in R for Technologies in Health (DARTH) modeling framework in R3.6.1
using RStudio 1.2.1335 (RStudio, Boston, MA).#25:2

Base-Case Analysis

The base-case analysis reflects the cost-effectiveness of testing cancer patients with
locally advanced or metastatic solid tumors for NTRK gene fusions and subsequently
treating NTRK+ patients with entrectinib and NTRK- patients with SoC compared with no
testing and treating all patients with SoC. The incremental net monetary benefit (INMB)
was calculated using a cost-effectiveness threshold of €80,000 per quality-adjusted
life-year (QALY), which is the recommended value by Dutch HTA guidelines, given the
calculated disease burden.?"* We opted to simulate 5,000 patients after evaluating the
stability of model outcomes at various cohort sizes (Appendix Fig. 5 in Supplemental
Materials found at https://doi.org/10.1016/].jval.2022.08.006).

Scenario Analyses

The first scenario analysis aimed to evaluate the impact of testing costs on the cost-
effectiveness of implementing entrectinib by excluding the costs of NTRK testing. The
second scenario excluded the costs, as well as the health effects resulting from the
testing pathway (ie, the probability to die and the QALYs during the waiting time). This
scenario reflects a setting in which the patientsin our study population would not need
any NTRK testing, for example, because RNA-NGS testing is part of standard practice
and has already been done at an earlier stage. The third scenario takes the approach
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thatis common in economic evaluations of targeted treatments, which is to only include
the patients who carry the targeted genetic marker and to disregard the costs and
health effects of testing.” We also performed the base-case analysis from a healthcare
perspective.

As mentioned in section “Study Population”, a stratified testing protocol (first IHC,
then RNA-NGS for patients who test positive) is used for patients in group 3 (tumor
types with low NTRK fusion prevalence and no/little wild-type TRK protein expression),
which is the largest group. Nevertheless, RNA-NGS has much better test sensitivity and
specificity than IHC.? If costs were not considered, providing RNA-NGS to all patients
would therefore likely be preferred. RNA-NGS is a relatively new technology and in many
settings is not yet part of standard care. As RNA-NGS becomes more widespread and
perhaps further technological improvements are made to achieve efficiency gains, its
cost may decrease. We therefore investigated at what price of RNA-NGS the provision of
RNA-NGS to all patients would become cost-effective (ie, renders 0 INMB).

Sensitivity Analyses

Parameter uncertainty was tested using univariate sensitivity analysis and probabilistic
sensitivity analysis (PSA). In the univariate analysis, model parameters were
independently varied over the extremities of the 95% Cl and, when this was not available,
by a 20% increase/decrease from the parameter value in the base case. In the PSA, all
parameters were varied simultaneously according to predefined distributions (Table 1%+
1214 The model was run with 1,000 iterations while sampling 1,000 patients.

Budget Impact Analysis

A5-year budget impact was estimated by multiplying the annual incremental healthcare
costs per patient tested in the first 5 years with the expected number of patients
tested. The number of patients tested each year in The Netherlands was determined
by multiplying the number of expected NTRK+ patients (N =90)*** by the number of
patients that need to be tested to identify 1 NTRK+ patient (as derived from our model
results).
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Results

Base-Case Analysis

The results of the base-case analysis are presented in Table 2 and Appendix Table 9 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2022.08.006. They showed
that testing for NTRK fusions and treatment with entrectinib in NTRK+ patients and SoC
in NTRK- patients was associated with a QALY gain of 0.0043 at an increased cost of €732
per patient as compared with no testing and SoC for all patients. The incremental cost-
effectiveness ratio (ICER) was €169,957/QALY and the INMB was —€388.

Scenario Analyses

Table 2 shows the results of scenario analyses with or without testing costs and
consequences. Not including testing costs had a large impact, whereas not including
mortality and QALYs during waiting time only had a minor impact on the cost-
effectiveness results. In the third scenario analysis, in which only NTRK+ patients were
considered and the testing phase was disregarded, the ICER of entrectinib versus SoC
was €38,563/QALY. The results from the healthcare perspective were similar to the
results in the base case (Appendix Table 10 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2022.08.006). We estimated that the cost of RNA-NGS would have
to be reduced by 90%, to €186, before testing all eligible patients with RNA-NGS would
be cost-effective.

Sensitivity Analyses

The results of the univariate analysis are presented in Appendix Figure 6 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2022.08.006. The specificity of the IHC
test had the largest impact on the INMB, followed by the cost of IHC testing and the HR
for the prognostic value of NTRK fusions on OS. Improvements in the specificity of IHC
tests (ie, fewer false positives), decreases in the costs for IHC tests, or increases in the
HR for the prognostic value of NTRK fusions on OS (ie, worse prognosis of NTRK+) led
toincreased INMB.

The results of the PSA are presented in the cost-effectiveness plane in Figure 3 and the
cost-effectiveness acceptability curve in Appendix Figure 7 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2022.08.006. Mean incremental costs of all
iterations were €696 and mean incremental effects were 0.0037, resulting in an INMB
of €399 and an ICER of €187,681/QALY. The probability of “Testing + entrectinib/SoC”
being cost-effective compared with “No testing + SoC” was 0.2% at a threshold of €80,000
per QALY.
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Budget Impact Analysis

The proportion of patients who received entrectinib from all patients that were tested
in our model was 0.28%. Combined with the expected number of patients treated with
entrectinib (N =90), this results in 31,630 patients being eligible for NTRK testing in The
Netherlands annually. The 5-year incremental budget impact of testing and treatment
with entrectinib in NTRK+ patients was €93 million, with testing costs making up 82% of
the total budget impact (Table 3).

Table 3 Results of budget impact analysis (in €)

Entrectinib Annualtest costs  Annual healthcare costs  Annual total costs
year 1l 15,249,931 810,033,052 825,282,982
year 2 15,249,931 1,317,036,538 1,332,286,468
year 3 15,249,931 1,661,785,334 1,677,035,265
year 4 15,249,931 1,800,859,346 1,816,109,277
year 5 15,249,931 1,827,257,744 1,842,507,675

SoC Annualtest costs  Annual healthcare costs  Annual total costs
year 1 - 807,719,086 807,719,086
year 2 - 1,314,096,035 1,314,096,035
year 3 - 1,658,446,610 1,658,446,610
year 4 - 1,796,990,043 1,796,990,043
year 5 - 1,822,922,722 1,822,922,722

Incremental Annual test costs  Annual healthcare costs  Annual total costs
year 1 15,249,931 2,313,966 17,563,896
year 2 15,249,931 2,940,503 18,190,433
year 3 15,249,931 3,338,724 18,588,655
year 4 15,249,931 3,869,303 19,119,234
year 5 15,249,931 4,335,022 19,584,953

SoCindicates standard of care.

Discussion

Summary of Results

Our results showed that incorporating the consequences of NTRK testing has a large
impact on the cost-effectiveness of implementing the histology-independent treatment
entrectinib, to the extent that it would alter the reimbursement decision. Excluding the
costs and health effects associated with NTRK testing reduced the ICER from €169,957/
QALY to €38,563/QALY. The difference is primarily owing to the rarity of NTRK gene
fusions, meaning that a large number of patients need to be tested to identify the
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few patients that are eligible for entrectinib treatment. This means that few patients
experience QALY gains from NTRK testing (only the NTRK+ patients who experience better
health outcomes with entrectinib treatment than SoC), while additional costs (for the
tests) are added for all patients.

The estimated five-year budget impact of testing (€93 million) was based on the testing
capacity that is needed when all eligible patients are tested. Nevertheless, the testing
practice for NTRK fusion-positive cancers in The Netherlands is still in development .t
Hence, fewer tests may be conducted in the earlier years of the implementation of NTRK
testing and subsequent treatment, which would make the actual budget impact lower
than what we estimated.

Strengths

When the introduction of a new drug requires a new diagnostic test to identify the
target population, HTA bodies should be fully informed about the cost-effectiveness
of the test-treatment combination.® Therefore, in this study we considered the entire
patient population that would be affected (ie, all patients eligible for NTRK testing)
and calculated the (downstream) costs and benefits of NTRK testing and subsequent
treatment for patients who tested NTRK+ and NTRK-.

Entrectinib was conditionally approved by the EMA and the Food and Drug Administration
based on small single-arm basket trials showing a durable response and longer survival.*
The single-arm nature of the trial data poses a great challenge to HTA bodies making
decisions based on comparative effectiveness and cost-effectiveness. Briggs et al,** in
a study about the estimation of the counterfactual for tumor-agnostic treatments with
only single-arm trial data available, described 3 options: (1) historical controls reported
in the literature, (2) previous line of therapy in intervention patients of basket trials, or
(3) nonresponders in basket trials. As we did not have access to individual patient data
from the entrectinib trials, we had to rely on historical data. Nevertheless, unlike Briggs
et al,** we used genetic data to adjust the historical data for the prognostic value of
carrying oncogenic NTRK gene fusions, therewith likely increasing the accuracy of the
estimated comparative effectiveness. Indeed, 2 other studies that estimated an HR for
the OS of NTRK+ patients found comparable values (1.44°* and 1.6,% respectively) to
the value we estimated (1.44). With our approach, we illustrated how a database with
genomic and clinical data can be used to match patients with and without a specific
genetic marker and to estimate HRs (for OS and TTD) for the patients with the marker.
A similar approach could be used to estimate HRs for patients with different genetic
markers. Although residual confounding cannot be ruled out in our analysis because of
the small sample size, lack of matching patients on all relevant covariates (eg, Eastern
Cooperative Oncology Group performance status), and other limitations, more robust
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statistical estimation may be achieved with larger sample sizes (eg, for genetic markers
that are less rare) and with data for more (clinical) variables. Nonetheless, RCT data are
preferred over historical data for the assessment of comparative effectiveness, and the
kind of matching exercise we conducted should only be done when no RCT data are
available.

Most health economic models for cancer treatments include the health states
“progression-free” and “progression,” which require data on progression status in
addition to OS. Because appropriate data on progression for patients receiving SoC
were not available, we instead used a regression model that estimated the impact of
proximity to death on the utility of cancer patients. Although this is not a conventional
approach, we believe that linking utility to proximity to death is likely more appropriate
(ie, closer to the lived experience of cancer patients) than using singular utility values
for progression-free and progressed patients. We therefore consider this approach a
strength of our study.

Limitations

Although we estimated tumor-specific effectiveness of SoC, we had to assume that the
effectiveness of entrectinib was constant across tumor types, as the small number of
observations pertumortype in the entrectinib trials precluded the estimation of reliable
tumor-specific effectiveness. Nevertheless, Murphy et al” showed heterogeneity in clinical
effects across histologies that should be accounted for, for example, by using Bayesian
hierarchal models. We present a single ICER in this study, implying an all-or-nothing
decision regarding the reimbursement of entrectinib for NTRK+ patients, yet it might be
more appropriate to differentiate between tumor types. That is, even when histology-
independent therapies receive marketing authorization for all histologies, reimbursement
might be warranted only for a subset of histologies because of heterogeneity in the
treatment effect. If indeed there is heterogeneity in effectiveness across tumor types,
the single ICER estimate we estimated based on the patient population in the entrectinib
trials may be biased because the proportional distribution of tumor types in the trial
is not fully representative of the distribution of tumor types among eligible patients in
clinical practice. Additionally, because of the small number of NTRK+ observations per
tumor type in the HMF database, we had to assume that the prognostic value of NTRK
fusions was constant across tumor types.

Note that although our analysis does not account for heterogeneity in the treatment
effect of entrectinib and the HRs for NTRK gene fusions across histologies, it does
account for differences in the treatment costs and effects of SoC (both TTD and OS)
across tumor types and uses tumor-specific estimates of testing costs.
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We attempted to construct an appropriate comparator arm by estimating outcomes on
a similar target population and adjusting for the prognostic value of NTRK fusions. That
is, we only considered patients with locally advanced or metastatic disease who had
received at least one previous line of treatment, in line with the patient population in
the entrectinib trials. We also only considered patients who had one of the tumor types
included in the entrectinib trials. We attempted to create a subgroup of HMF patients
with a similar average age and percent of females as those in the entrectinib trials,
but the subgroup was too small to enable reliable statistical estimation. Despite our
efforts, we cannot be sure that the patient populations in the respective arms are fully
comparable because we did not have access to patient-level data from the entrectinib
trials. Moreover, there may be unobserved differences between the patient populations.

Implications for Decision Making

Considering the impact of testing costs on the cost-effectiveness of entrectinib, payers
should focus on policies supporting a reduction in the costs of testing. Furthermore,
the uncertainty around the effectiveness of entrectinib leaves HTA bodies with 2 main
choices: wait for more (tumor type-specific) evidence or provide coverage through a
managed entry agreement between the pharmaceutical company and the healthcare
payer. Considering the rarity of NTRK fusions, stronger evidence will likely not become
available soon, meaning that waiting for more evidence would leave patients without
accessto entrectinib for a long time. Therefore, despite concerns about the feasibility of
discontinuing reimbursement for medicines once further evidence does not demonstrate
their (cost-)effectiveness,***" a managed entry agreement, for example, in the form of
coverage with evidence development, may be the best option.* Through coverage with
evidence development agreements, treatments are temporarily reimbursed while further
evidence is collected. After a specified period, the cost-effectiveness of the treatment is
re-evaluated using the additional data. Ideally, data on final outcomes, such as survival
and quality of life, are collected. When the follow-up time is limited, surrogate outcomes,
such as progression-free survival and tumor response rates, are also used. Although, it
is of note that surrogate outcomes are not necessarily predictive of final outcomes.*

In addition, we found that the uncertainty around the HR for NTRK gene fusions on OS
has a large effect on cost-effectiveness outcomes. Because of the low prevalence of NTRK
fusions, larger genomic databases (paired with clinical information) are needed to gather
sufficiently large numbers of NTRK+ patients to obtain statistically significant results
on the prognostic value of NTRK fusions. It may therefore be valuable, for patients with
other rare genetic markers as well, if decision-makers invest in expanding genomic data
collection, possibly including policies that encourage the linking of existing databases.
Finally, although our analysis has focused on entrectinib, larotrectinib has a similar target
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population, mechanism of action, and price-setting in The Netherlands. Our finding
that the introduction of TRK inhibitor entrectinib appears to not be cost-effective when
considering the consequences of introducing NTRK testing but might be cost-effective if
the relevant tests would become standard practice, likely also applies for larotrectinib. A
recent study that investigated the cost-effectiveness of larotrectinib in The Netherlands
and focused on NTRK+ patients without considering the testing phase, comparable with
our scenario 3, found an ICER of €41,424/QALY, which is similar to the ICER of €38,563/
QALY we estimated for entrectinib in scenario 3.4

Conclusions

In conclusion, with the currently available evidence, it seems that entrectinib is not
cost-effective compared with SoC. Nevertheless, if genetic testing of cancer patients
(including RNA-NGS panels that can identify NTRK gene fusions) becomes standard
practice, entrectinib may be cost-effective. Nonetheless, our study results are very
uncertain because of data limitations.
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CHAPTER6

Abstract

Aim

To explore variations in the cost-effectiveness of entrectinib across different testing
strategies and settings.

Methods

We evaluated four testing strategies where adult cancer patients received entrectinib
if they tested positive for neurotrophic tyrosine receptor kinase (NTRK) gene fusions,
compared to “no testing” and standard of care (SoC) for all patients.

Results

Immunohistochemistry (IHC) for all patients, followed by ribonucleic acid-based next-
generation sequencing (RNA-NGS) after a positive result was the optimal strategy in all
included countries. However, the incremental net monetary benefit (INMB) compared
to SoC was negative in all countries, ranging between int€ -206 and -404. In a subgroup
analysis with only NTRK-positive patients, INMB was int€ 8,405 in England, int€ -53,088
in Hungary, and int€ 54,372 in the Netherlands.

Conclusion

Using the cost-effectiveness thresholds recommended by national guidelines, none of
the testing strategies were cost-effective compared to “no testing”. The implementation
of entrectinib is unlikely to become cost-effective in Hungary, due to the large cost
difference between the entrectinib and SoC arms, while there might be more potential
in England and the Netherlands.
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Introduction

In a move toward more precise cancer care, several therapies targeting specific genetic
tumour markers have emerged onto the market. Among these are histology-independent
(also called “tumour-agnostic”) therapies, which are prescribed solely based on genetic
markers of the tumour, without regard for its tissue of origin. The first histology-
independent treatments to receive approval from the European Medicines Agency (EMA)
and the Food and Drugs Administration (FDA) were larotrectinib and entrectinib.(1, 2)
Both are prescribed for tumours with neurotrophic tyrosine receptor kinase (NTRK) gene
fusions (which causes overexpression of TRK proteins) and both are inhibitors of TRK
proteins.(3-6)

The advent of larotrectinib and entrectinib has challenged reimbursement authorities
and health economists tasked with evaluating their cost-effectiveness. The main
challenges include uncertainty about the pharmaceuticals’ efficacy due to the use of
single-arm (as opposed to randomised controlled) trials. Because of the lack of control
arms in the TRK inhibitor trials, there is insufficient knowledge about the health outcomes
under the standard of care (SoC) among patients with NTRK fusions. While historical data
could be used to construct a synthetic control arm,(7, 8) historical data likely pool NTRK-
positive (NTRK+) and NTRK-negative (NTRK-) patients, given that oncology patients were
not tested for NTRK fusions in the past. To assess whether using such pooled historical
data is appropriate and to be able to adjust historical data where necessary, knowledge
on the prognostic value of carrying an NTRK gene fusion is imperative. Yet limited data
on the prognostic value of NTRK fusions is available. In a previous study, where we
performed an economic evaluation of entrectinib in the Netherlands, we proposed
possible approaches to address these (and other) challenges.(9) In the study, we also
tried to accurately model the health and cost consequences of testing eligible cancer
patients to identify those with oncogenic NTRK fusions. Because the previous study
concentrated on the Netherlands, we modelled the testing strategy that was suggested
by a group of Dutch experts.(10) However, other testing strategies are possible for the
identification of NTRK+ patients.

In this study, to investigate the potential impact of alternative NTRK-testing strategies on
the cost-effectiveness and budget impact of entrectinib, we compare four different NTRK-
testing strategies. Additionally, the optimal NTRK-testing strategy may differ between
countries due to differences in healthcare systems. The original model reflecting the
Dutch setting was therefore also adapted for the English and Hungarian healthcare
systems. England and Hungary both have highly centralised single-payer healthcare
systems, while healthcare is more decentralised in the Netherlands, with curative care
being covered by competing private health insurers.(11) All three countries provide
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universal healthcare to their residents but while England and the Netherlands achieve
broad coverage, Hungary offers a more limited benefits package.(11-13) Other key
differences between the three countries given the context of our study are the available
healthcare resources, medical practice patterns, and the infrastructure and price-setting
for genomic testing (and subsequent treatment).

Methods

Target population

The target population comprised adult patients with locally advanced or metastatic solid
tumours who have received one or more lines of treatment and are willing to undergo
further (testing and) treatment.(9) While entrectinib is indicated for all NTRK+ tumours,
only the tumour types for which data were available from the entrectinib registration
trials(14) were incorporated in our model. The included cancers were breast, bile duct (i.e.
cholangiocarcinoma), colorectal, endometrial, ovarian, pancreatic, and thyroid cancer, as
well as neuroendocrine tumour, non-small cell lung cancer (NSCLC), sarcoma, secretory
carcinoma of the breast, and secretory carcinoma of the salivary gland.

Model structure

The model consists of a decision tree followed by a microsimulation model (see
Figure S1). The decision tree reflects the testing phase and covers the period from the
decision to test for potential eligibility for entrectinib until the start of treatment. The
microsimulation model reflects the time from the start of treatment until death and
has a cycle length of one month. A comprehensive description of the original model is
published elsewhere.(9)

To align with national health technology assessment (HTA) guidelines, analyses were
performed from a healthcare payer perspective for England, healthcare perspective for
Hungary, and from a societal perspective for the Netherlands.(15-17) Costs and effects
were discounted with the prescribed discount rates in each country: 3.5% for costs and
effectsin England, 3.7% for costs and effects in Hungary, and 4% for costs and 1.5% for
effects in the Netherlands. The nationally recommended cost-effectiveness thresholds
(after severity-weighting) were £36,000 (int€ 35,576) for England, 4,921,820 Ft (int€ 21,294)
for Hungary, and €80,000 (int€ 69,666) for the Netherlands.

Decision tree to model testing phase

Four NTRK-testing strategies were explored in the decision tree. All strategies included
next generation sequencing panels used to screen tumour ribonucleic acid (RNA-NGS) for
NTRK fusions and/orimmunohistochemistry (IHC) tests to assess TRK protein expression.
(4, 18-20) RNA-NGS tests can detect oncogenic NTRK fusions with high sensitivity and
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specificity. However, RNA-NGS tends to be expensive. IHC tests are generally more
affordable than RNA-NGS tests, but also less accurate. The following testing strategies
were included: (1) IHC test for all tumour types, (2) RNA-NGS test for all tumour types,
(3) IHC test followed by RNA-NGS in patients with a positive IHC test result for all tumour
types, and (4) Stratified test strategies depending on the NTRK fusion prevalence and
TRK wild-type protein expression of the tumour types.(21)

In the first two strategies, all patients receive the same test: IHC in strategy 1 and RNA-
NGS in strategy 2. Strategy 3 is a sequential strategy, in which patients first undergo an
IHC test, followed by RNA-NGS for those with a positive IHC test result. In this strategy
the false-positives of the IHC test are identified with the RNA-NGS test (though false-
negative results are missed), while costs are saved by not having to perform the more
expensive RNA-NGS test for all patients. However, in tumour types with high NTRK fusion
prevalence (>90%) or wild-type TRK protein expression, adding an IHC test has little
value. In the former the reason is that most patients will test positive (because of the
high NTRK prevalence) and still need an additional, confirmatory RNA-NGS test, leading
to increased costs. In the latter, there will be many false-positive test results after the
IHC test, because IHC testing does not distinguish between wild-type and fusion protein
expression. Therefore, strategy 4 uses RNA-NGS tests (without preceding IHC tests) for
patients with tumour types with high NTRK fusion prevalence (>90%) or wild-type TRK
protein expression (Table S1 shows which tumour types fall in these categories). All other
patients in strategy 4 are subject to the sequential testing protocol used in strategy 3.

Microsimulation to model treatment

In the intervention group, patients first enter the decision tree and subsequently (those
who survive beyond the duration of the testing phase) enter the microsimulation model.
(9) The individual-level state transition model included the health states ‘alive and on
treatment’, ‘alive and off treatment’, and ‘dead’. Patients received entrectinib if they
had tested NTRK-positive in the decision tree and were treated with SoC if they had
tested NTRK-negative. In the comparator group, patients did not receive testing (i.e.
they skipped the decision tree and went straight into the microsimulation model) and
were all given SoC.

Model parameters

Table 1 presents the country-specific values for the input parameters. More detail on
the data sources and assumptions for the input parameters is given below as well as in
the Appendix.
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Transition probabilities

Decision tree

The probabilities of patients needing biopsies and re-biopsies to enable testing, as well
as the test properties of IHC and RNA-NGS tests (see Table S2) were based on estimates
from the literature and assumed to be similar across countries.(9, 22, 23)

The waiting times for the various stages of the testing phase were based on publicly
available sources in England and based on expert judgement in Hungary and the
Netherlands. Patient mortality during the testing phase was based on tumour-specific
estimates of weekly mortality.(9) Although weekly mortality was assumed to be similar
across countries, the probability of dying during the testing phase differed between the
three countries because of differences in waiting times.

Microsimulation model

Time-to-treatment discontinuation (TTD) and overall survival (OS) in NTRK+ patients
receiving entrectinib were based on the entrectinib trials.(9, 14) For NTRK- patients
receiving SoC, TTD and OS were estimated using registry data from 1,596 Dutch NTRK-
cancer patients (Table S3). Patients from the registry data were included in the TTD
and OS estimations only if they had one of the tumour types that were included in the
entrectinib trials.(9, 14)

Previous studies suggest that patients with NTRK fusions face a worse disease prognosis
than patients without NTRK fusions.(9, 24) To account for this, we applied a hazard ratio
(HR) for TTD and OS in NTRK+ patients. Thatis, TTD and OS in NTRK+ patients receiving
SoC were calculated by applying the HRs for NTRK+ patients to the TTD and OS that
were estimated for NTRK- patients receiving SoC. See Huygens et al.(9) for more detail.
We assumed the HRs were equal across the three countries.

Costs

Costs are reported in the national currency and in international euros (int€), calculated
using purchasing power parities (PPP) from OECD.Stat.(25, 26) PPPs were used to account
for price level differences between countries. The cost year was 2021.

We included country-specific costs for biopsies, tests, entrectinib, and SoC
pharmaceuticals (Tables S4-S6). It was assumed that the treatments provided in England
were similar to the treatments described in Dutch guidelines. In Hungary, several
treatments provided in England and the Netherlands were not available, hence only the
treatments that were available in Hungary were included in the SoC cost calculations.
Costs for adverse events in England and Hungary were based on the Dutch estimates
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reported by Huygens et al.(9) and converted to 2021 Hungarian Forints and British
pounds using PPPs.(27)

Based on research where healthcare costs were found to increase steeply in people’s
last year of life,(28) separate cost figures for the last year of life were used in our model.
The estimated costs in the last year of life were specific to cancer patients and came
from Luta et al. (2020) for England and the Practical Application to Include Disease Costs
(PAID) for the Netherlands.(28, 29) Because no country-specific data were available for
Hungary, we calculated the last-year-of-life costs based on the assumption that the ratio
between the last-year-of-life costs and costs in other years was the same in Hungary
as in England (because both countries use a healthcare perspective, while a societal
perspective is used in the Netherlands).

Unlike in England and Hungary, the health economic guidelines in the Netherlands
prescribe the inclusion of healthcare costs unrelated to the disease of interest.(17) The
Dutch healthcare costs unrelated to cancer were estimated using PAID.(29) Additionally,
informal care costs were included for the Netherlands. Productivity costs were excluded,
as patients in our model have an advanced stage of cancer and were assumed to have
already been out of the work force, so that no additional productivity losses are faced
during the period that the model covers.(30)

Utilities

As previous research has found that quality of life decreases as patients approach death,
we incorporated patient utility in our model as a function of proximity to death.(31) We
obtained age- and gender-specific utility at different proximities to death from a study
that estimated the relationship between proximity to death and SF-6D utility using a
linear regression model.(31) The study used quality of life and survival data from a Dutch
cancer registry.(31) The estimated overall survival distributions from the microsimulation
were used to estimate proximity to death for the patients in our model, after which the
corresponding utility values were applied. Because of a lack of appropriate data for
England and Hungary, we assumed the utilities to be similar in all three countries.
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Table 1 Input parameters

Purchasing power parity 0.667865 152.550219  0.757906 OECD.Stat(26)

(local currencyin $)

Purchasing power parity (EU  0.66 OECD.Stat(26)

averagein $)

Cost biopsy £727 Ft5,919 €166 Table S4
(int€694)  (int€27) (int€ 138)

Cost RNA-NGS £350 Ft 300,000 €1,857* Table S4
(int€334) (int€1,347)  (int€1,552)

Costs IHC £150 Ft45,000 €426 Table S4
(int€ 143) (int€202) (int€ 356)

NTRK prevalence (by tumour  Similar across countries Table S1

type)

IHC sensitivity and specificity ~ Similar across countries Table S2

(by tumour type)

RNA-NGS sensitivity and 100% 100% 100% Assumption

specificity

Probability biopsy RNA-NGS ~ 0.098 0.098 0.098 Binsetal.(22)

Assumption: similar
across countries

Probability rebiopsy RNA-NGS  0.159 0.159 0.159 Binsetal.(22)
Assumption: similar
across countries

Probability biopsy IHC equal to RNA-NGS Assumption

Duration waiting time EN: NHS

- Biopsy requested until 5days 14 days 10.5 days England
biopsy done HU: Expert

- Re-biopsy requested until  5days 9 days 14 days judgement by
re-biopsy done oncologist

- (Re-) biopsy doneuntil IHC  5.5days 5days 3.5days NL: Expert
test results judgement by 3

- (Re-) biopsy done until 21days 14 days 10 days clinical geneticists
RNA-NGS results and 1 oncologist

- Finaltest results available 7 days 17.5days 5.5days (mean estimate was
until start of treatment used)
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Table 1 Input parameters (continued)

Treatment costs SoC (per £3,105 Ft 393,688 €2,084 Table S6

month, weighted average) (int€2,964)  (int€1,768) (int€ 1,741)

Treatment costs entrectinib £5,232 Ft2,199,642 €5912 Roche

(per month) (int€4,994) (int€9,851)  (int€4,938)

Adverse event costs (per £912 Ft 193,732 €1,042 Table S6

event, weighted average) (int€ 870) (int€ 870) (int€ 870)

Informal care costs (per hour) NA NA €14.77 Zorginstituut

(int€12.34) Nederland(17)

Related non-hospital and NA NA €4,453 (at age 58, PAID(29)

unrelated (hospital + non- increases with age)

hospital) healthcare costs (int€3,719)

per year (except year before

death)

Healthcare costs in the last £8,994 Ft1,140,365 €58,064 (atage58, EN:Lutaetal.(28)

year-of-life (int€8,586) (int€5,121)  increaseswithage) HU:Assumption that

(int€ 48,499) ratio between last-

year-of-life cost and
costin otheryearsis
same asin EN
NL: PAID

Starting age in years 58 Doebele et al.(14)

Proportion females 0.59 Doebele et al.(14)

OS NTRK- (by tumour type) Similar across countries Table S3

TTDisc NTRK- (by tumour Similar across countries Table S3

type)

OS entrectinib Exponential, similar across countries Roche

TTDisc entrectinib Exponential, similar across countries Roche

HR NTRK+ OS adjusted 1.44 HMF

HR NTRK+ TTDisc adjusted 1.37 HMF

Tumour distribution Similar across countries Table S1

Utilities - time to death

Informal care use

Similar across countries

NA NA Dependent on time

to death

Versteegh et al. (31)
de Groot et al. (53)

*weighted mean because the price of RNA-NGS tests varies across included tumour type

EN=England, EU = European Union, HU =Hungary, IHC =immunchistochemistry, HMF = Hartwig Medical
Foundation, HR = hazard ratio, NHS = National Health Service, NL = the Netherlands, NTRK+=NTRK fusion-
positive, OS = overall survival, PAID = Practical Application to Include Disease Costs, RNA-NGS = next-
generation sequencing panel of tumour RNA, SoC =standard of care, TTDisc =time to treatment

discontinuation
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Analyses

Cost-effectiveness analysis

For all three countries, cost-effectiveness analyses were performed for the different
testing strategies. An additional analysis was conducted in which only the subgroup of
NTRK+ patients were considered and the health and cost consequences of NTRK testing
were excluded. The latter analysis reflects a scenario in which NTRK testing is already
part of the standard of care (for example as part of broader gene fusion panel testing), so
that the introduction of NTRK testing does not need to be considered when evaluating
the implementation of entrectinib. To investigate the possible benefits of future price
drops for RNA-NGS (which might be expected as further technological improvements are
made and the use of gene sequencing becomes more widespread), we also performed
an analysis to identify the cost for RNA-NGS at which it becomes cost-effective (i.e. INMB
is zero) to provide RNA-NGS to all patients eligible for NTRK testing.

Cost-effectiveness is presented as incremental cost-effectiveness ratios (ICERs) as well
as incremental net monetary benefit (INMB). Fully incremental analysis was used for
the ICERs, meaning the strategies were ranked by ascending cost and ICERs for each
strategy were calculated by comparing it to the next best alternative.(32) The INMB for
each of the testing strategies was calculated by comparing it to the “no testing” strategy.

Sensitivity analysis

The effect of uncertainty around our model parameters on our results was assessed using
univariate sensitivity analysis and probabilistic sensitivity analysis (PSA). In the univariate
analysis, parameter values were varied by a maximum of 20% deviation from the original
input value (except for the HRs, for which the values from the estimated 95% confidence
interval were used). In the PSA, parameter values were varied simultaneously according
to predefined distributions for all three countries (see Table S7). After investigating the
stability of the results for varying sample sizes / number of iterations, the univariate
analysis was performed with 5,000 patient samples, and the PSA with 1,000 iterations
of 1,000-patient samples.

Budget impact analysis

For all three countries, the budget impact of the four NTRK-testing strategies was
estimated by multiplying the estimated annual incremental healthcare costs with the
expected annual number of patients tested. The number of patients tested each year
per country was determined by multiplying the number of expected NTRK+ patients
with the number of patients to be tested to identify one NTRK+ patient.(33) In line with
national HTA guidelines, we took a healthcare payer perspective for England, and a
healthcare perspective for Hungary and the Netherlands. The time horizon of the budget
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impact analyses was 5 years, though additional analyses were performed to align with
national HTA guidelines, assuming a 3 and 4-year time horizon for England and Hungary,
respectively.(16, 17, 34) We present the incremental budget impact of each of the NTRK-
testing strategies compared to SoC in absolute values, and expressed as percentages
of cancer care expenditure and cancer care expenditure.(35, 36)

Results

Cost-effectiveness analysis

The outcomes for the four NTRK testing strategies and for the comparator (no NTRK
testing, provide SoC to all patients) are provided below for England, Hungary and the
Netherlands.

Intermediate outcomes

Table 2 presents, for each testing strategy, the average waiting time between the decision
to receive NTRK testing and the start of entrectinib treatment for those who test positive.
Also presented are the number of patients receiving entrectinib treatment and the
number of false positive and false negative test results (per 100,000 patients tested).
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Table 2 Intermediate outcomes per strategy

[HC for all 147 224 84 4,938 50 5,123 5,064 5,170
RNA-NGS 28.7 36.5 15.6 0 0 323 317 332
forall

IHC then 15.8 23.2 9.1 0 50 270 269 279
RNA-NGS

Stratified* 167 241 9.5 0 46 276 274 285

“In the Stratified strategy, direct RNA-NGS testing is used for tumour types with high NTRK prevalence or
wild-type TRK protein expression, while immunohistochemistry followed by RNA-NGS after a positive result
is used for other tumour types

EN = England, IHC =immunohistochemistry, HU = Hungary, NL = the Netherlands, RNA-NGS = next-generation
sequencing panel of tumour RNA

In all three countries, average waiting times are lowest in the /HC for all strategy (14.7,
22.4 and 8.4 days for England, Hungary and the Netherlands, respectively) and highest
for RNA-NGS for all (28.7,36.5 and 15.6 days, respectively). For all strategies, Hungary has
the highest average waiting time, while the Netherlands has the shortest waiting time.
The metastatic cancer patients in our model tend to have a short life expectancy, and
some patients are expected to die during the testing phase before receiving treatment.
Because of this, longer average waiting times result in a smaller number of patients
treated with entrectinib, as shown in Table 2.

Because test sensitivity and specificity were assumed to be equal across the three
countries, the proportions of false positive and false negative results were also equal
across the countries, as reflected in the single columns for these measures in Table 2.
Table 2 shows that the IHC for all strategy renders a high number of false positives (4,938
per 100,000 patients tested compared to 0 for the other strategies). For all three countries,
the ‘Number of patients treated with entrectinib’is also much higher for /HC for all than
for the other strategies. Given the high number of false positives in IHC for all, many of the
patients identified as NTRK+ and receiving entrectinib do not actually carry oncogenic
NTRK fusions and likely do not receive any benefit from entrectinib treatment. Although
there are no false positive results in the IHC then RNA-NGS and Stratified scenarios, there
are some false negative results (50 and 46 per 100,000 patients tested, respectively). False
negative results mean that some NTRK+ patients are incorrectly identified as NTRK- and
wrongfully receive SoC instead of entrectinib.
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Cost-effectiveness results

Cost-effectiveness outcomes for the testing strategies are presented in Table 3. Costs
and effects are shown, and incremental costs and effects and cost-effectiveness ratios
compared to the next best alternative. For dominated strategies (strategies with higher
cost yet equal or less QALYs than another strategy), no incremental costs, effects and
cost-effectiveness ratio are presented. Nonetheless, incremental net monetary benefit
(INMB) is calculated for each testing strategy, comparing the strategy to the No testing
base case.

The ranking of the strategies is the same for all countries, both in terms of ICERs and
INMB. The No testing strategy renders the lowest costs and lowest amount of QALYs,
while RNA-NGS for all has the highest costs and QALYs. For all countries, the IHC then
RNA-NGS option has the highest INMB. The strategy results in less QALYs than Stratified
and RNA-NGS for all, caused by a higher number of unidentified NTRK+ patients (false
negatives) not receiving entrectinib treatment (see Table 2). Nonetheless, the issue of
false negatives appeared to be offset by the cost-savings from performing RNA-NGS for a
smaller group of patients (i.e. only those who receive a positive IHC result first). However,
all estimated ICERs (int€ 89,196 for England, int€ 138,135 for Hungary, and int€ 142,663
forthe Netherlands) are above national cost-effectiveness thresholds and all estimated
INMB values are negative. This implies that the implementation of NTRK fusion testing
and subsequent treatment would cause a net loss to the healthcare system and is not
cost-effective.

When considering only the subgroup of NTRK+ patients and focussing only on the
treatment (i.e. excluding the cost and health effects associated with testing for NTRK
fusions), the implementation of entrectinib is estimated to be cost-effective in England
and in the Netherlands. INMB is int€ 8,405 in England, int€ -53,088 in Hungary, and
int€ 54,372 in the Netherlands. The incremental cost of treating NTRK+ cancer patients
with entrectinib instead of SoC is much higher in Hungary than in England and the
Netherlands (int€ 97,525 in Hungary compared to int€ 41,439 in England and int€ 50,603
in the Netherlands).

Finally, we found that in England and Hungary the provision of RNA-NGS to all patients
eligible for NTRK testing (and subsequently providing entrectinib to NTRK+ patients)
would not be cost-effective even at zero cost for RNA-NGS. In the Netherlands, RNA-
NGS would have to reduce by 90%, to int €162, before testing all patients with RNA-NGS
would be cost-effective.
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Sensitivity analysis

The outcomes of the univariate sensitivity analysis are shown in Figure S2. Outcomes
are similar across the three countries. In all countries, the parameters that most impact
cost-effectiveness outcomes include the cost of entrectinib treatment, the HR for OS
in NTRK+ patients, and utility values. IHC test specificity is a key parameter in the IHC
for all, IHC then RNA-NGS, and Stratified strategies, while the cost of RNA-NGS is highly
influential in the RNA-NGS for all strategy. In England, NTRK prevalence is less influential
than in Hungary and the Netherlands, while the cost of taking a biopsy is more influential.

The outcomes of the probabilistic sensitivity analysis are shown in cost-effectiveness
planesin Figure 1, and cost-effectiveness acceptability curves (CEACs) are presented in
Figure 2. For the latter, the limits on the x-axes were set at roughly fivefold the nationally
recommended cost-effectiveness thresholds. The cost-effectiveness planes look similar
across the three countries. For the RNA-NGS, IHC then RNA-NGS, and Stratified strategies,
uncertainty in our model parameters mostly affects estimated QALY outcomes. For the
IHC strategy, parameter uncertainty also affects estimated cost outcomes. As shown in
the univariate analysis, IHC test specificity is an important parameter, as higher (lower)
specificity causes fewer (more) false positive test results, hence fewer (more) patients
unnecessarily treated with entrectinib and lower (higher) cost outcomes. The CEACs
also appear similar across the countries. The IHC then RNA-NGS and Stratified strategies
have similar curves, but /HC then RNA-NGS has a slightly higher probability of being cost-
effective at all threshold values. For all countries, the IHC strategy has a low probability
of being cost-effective even at very high threshold values.
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Budget impact analysis

The total 5-year budget impact of the No testing scenario, in which the entire target
population (i.e. adult patients with locally advanced or metastatic solid tumours who
have received one or more lines of treatment) is treated with SoC, was estimated to
be int€ 6,472,649,274 in England, int€ 1,136,924,382 in Hungary and int€ 6,444,222,855
in the Netherlands. For the testing scenarios, the annual number of patients receiving
NTRK testing was estimated to be 102,040 in England, 14,801 in Hungary and 26,476 in
the Netherlands.

The incremental budget impact figures for the four testing strategies compared to No
testing are reported in Table 6. See Table S8 for the budget impact results with country-
specifictime horizons. In England, the incremental 5-year budget impact of implementing
the IHC then NGS strategy, which was identified as the most optimal out of the four testing
strategies, would be int€ 156,347,606, which is 0.02% of current healthcare expenditure
and 0.27% of current cancer care expenditure.(35, 36) Testing costs make up 65.85% of
the incremental budget impact of the IHC then RNA-NGS strategy.

Although the 5-year incremental budget impact of IHC then RNA-NGS is lowest in absolute
figures in Hungary (int€ 37,874,049), the relative impact is higher here than in the other
two countries, with the budget impact taking up 0.11% of total healthcare expenditure
and 1.23% of cancer care expenditure.(35, 36) Just over half (52.19%) of the incremental
budget consists of testing costs.

In the Netherlands, testing costs make up a larger part of the 5-yearincremental budget
impact (int€ 76,879,546), as 81.39% comprises of testing costs. The relative impact on
care expenditure in the Netherlands is similar to that in England, with the incremental
budget being 0.03% of healthcare expenditure and 0.29% of cancer care expenditure.
(35, 36)

In all three countries, the budget impact of IHC then RNA-NGS is lowest and the budget
impact of /HC for all highest. The percentage of the total budget going to testing is
lowest in the IHC for all strategy (8.80%, 4.32% and 15.62% for England, Hungary and
the Netherlands, respectively) because many more (false-positive) patients are treated
with entrectinib (see Table 2) in this strategy than in the other testing strategies.
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Discussion

While the TRKinhibitors entrectinib and larotrectinib were the first histology-independent
therapies on the market, several other pharmaceuticals targeting specific genetic
markers are already in use and many more are expected to become available, allowing for
more personalised (cancer) care.(37) As we have argued previously, when evaluating the
cost-effectiveness of targeted (or “personalised”) treatments, it is important to include
an accurate representation of the testing pathway that is needed to identify eligible
patients.(38) In this study, we incorporated the period in which NTRK testing is performed
in a cost-effectiveness analysis of entrectinib treatment and assessed several different
testing strategies. Herewith, we provided an example of how the modelling of testing
pathways can be approached and how HTA methods can be used to aid decision-making
on which testing strategy to implement. We performed our analysis for three countries, to
investigate whether there might be differences in the cost-effectiveness of NTRK testing
and entrectinib treatment across different settings, and we found differences indeed.

Our results showed that the implementation of entrectinib is unlikely to be cost-effective
in Hungary. Even in the subgroup analysis of NTRK+ patients, where the costs and effects
of introducing NTRK-testing were excluded, the INMB of entrectinib was far below zero,
atint€ -53,088. Indeed, the incremental costs of entrectinib compared to SoC were large
in Hungary, at int€ 97,525, compared to int€ 41,439 in England and int€ 50,603 in the
Netherlands. Hungary has lower income per capita and lower healthcare expenditure
than England and the Netherlands. Our results could imply that expensive targeted
treatments like entrectinib may bring limited value in lower-income countries, and more
cost-effective healthcare may have to be prioritised first. Nonetheless, (large) discounts
on the price of entrectinib in Hungary could improve its cost-effectiveness results.

The results look more promising for England and the Netherlands, where the NTRK+
subgroup analysis showed a positive INMB for entrectinib compared to SoC. This
suggests that entrectinib has the potential to be cost-effective. Nonetheless, all the
evaluated testing strategies rendered a negative INMB compared to the base case
scenario, in which NTRK testing was not performed and entrectinib was not provided. In
line with our results, the National Institute for Health and Care Excellence (NICE) has not
recommended entrectinib for routine use in the English National Health Service (NHS)
because of its unconvincing cost-effectiveness results but, due to its potential to be
cost-effective, NICE did recommend entrectinib to be included in the Cancer Drugs Fund.
(39) In the Netherlands, too, entrectinib was recommended for temporary conditional
reimbursement. In both England and the Netherlands, the national HTA agencies have
entered into an agreement with the manufacturer of entrectinib regarding further data
collection, both through additional clinical trials (STARTRK-2 and STARTRK-NG) and
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through real-world evidence collection among patients receiving entrectinib.(40, 41) After
a period of data collection, a final health economic analysis and reimbursement decision
will follow. While such conditional reimbursement schemes can ensure timely market
access for patients who might benefit from treatment, withdrawing pharmaceuticals
from the market once additional evidence negates their cost-effectiveness can be
difficult in practice.(42, 43) In an attempt to counter any such issues, the agreement
between the Dutch HTA organisation and the manufacturer explicitly states that all
parties involved during the conditional reimbursement period will cooperate in case
the reimbursement of entrectinib is discontinued.(41) The agreement also includes a
communication plan to ensure patients understand the temporary nature of the current
reimbursement decision in place.

Note that the incremental costs, effects and ICERs for the NTRK+ subgroup analysis
were similar between England and the Netherlands. Yet, because the cost-effectiveness
threshold recommended by Dutch HTA guidelines is much higher than the NICE threshold
(€80,000 vs. £36,000 in this case), INMB outcomes are different for the countries
(int€ 8,405 in England versus int€ 54,372 in the Netherlands), resulting in different
conclusions regarding the interventions’ cost-effectiveness. These differences could
be justifiable if the values of national thresholds were set based on assessments of
opportunity cost and/or societal preferences and so reflected real differences between
national settings. However, cost-effectiveness thresholds have historically been based
on little to no evidence.(44, 45) Our results illustrate that differences in the thresholds
are notinconsequential and might cause (poorly justified) differences in reimbursement
decisions across countries.

Clear differences can be seen between the cost-effectiveness outcomes for the main
analysis, in which the full NTRK test-treatment pathway was assessed, and the outcomes
for the subgroup analysis, in which the testing phase was left out of consideration. This
illustrates that including required tests in the economic evaluation of a new treatment
may alter reimbursement decisions, supporting the argument we have previously
made that testing should be incorporated in the economic model if it is part of the
decision problem (e.g. if the testing is to be newly introduced in clinical practice, or to
be introduced for additional patient groups).(38) Given that national cost-effectiveness
analyses are often based on global models from manufacturers that are adapted to the
local setting, and given that testing pathways may vary across countries, we encourage
modellers working on country adaptations to ensure that national testing strategies are
accurately reflected in (country adaptations of) cost-effectiveness models.

Many have argued in favour of the expansion of genetic testing in healthcare.(46) This
could mean that, in the future, all cancer patients find out whether they carry NTRK
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gene fusions (or other genetic alterations) as part of standard care, therewith changing
the cost-effectiveness outcomes for entrectinib. However, more widespread use of
genetic testing does not automatically mean NTRK gene fusions are identified. First,
note that whole-genome sequencing (WGS) is DNA-based and, in contrast to RNA-NGS,
is not able to determine if a detected NTRK fusion is functional and indeed causing
overexpression of TRK proteins.(4) That s, if WGS were to be implemented for all cancer
patients, an additional RNA-NGS panel would be needed to identify NTRK+ patients.
Also, if broad genetic testing to establish a genetic profile or “passport” for all citizens
were implemented, as has been suggested by some, separate genetic tests (including
RNA-NGS panels) would be necessary to enable targeted cancer care. This is because
many cancer drugs target genetic markers in the tumour DNA, which is different from
the patients’ germline DNA that would be sequenced when creating a genetic profile.

Finally, our finding that the provision of RNA-NGS to all patients is not cost-effective in
England and Hungary even at zero cost for the RNA-NGS test, suggests that the expected
price drops in NGS technology alone are insufficient to make the implementation of NTRK
testing and subsequent treatment cost-effective. Further changes may be needed in the
test-treatment pathway, such as a price reduction for entrectinib.

Limitations

For the Netherlands, we previously illustrated how registry data containing genomic and
clinical parameters can be used to construct a control arm for single-arm trial data. As
explained in the Methods, we used the Dutch registry data to estimate survival and time
to treatment discontinuation among NTRK- patients and to estimate a hazard ratio for
NTRK+ patients.(9) In this study, where we also assess cost-effectiveness for England
and Hungary, we were unable to perform a similar analysis for England and Hungary,
due to data and resource limitations. This shows one of the limitations of single-arm
trial data; local data and resources may be insufficient to estimate a control arm for the
national setting, causing uncertainty about the treatment’s effectiveness. Moreover, the
publicly available data on the patient populations in clinical trials tends to be limited
and insufficient to determine the extent to which patients in the trial population and
the control population are comparable, so that issues of confounding and selection
bias cannot be sufficiently addressed.(47, 48) Indeed, even after estimating a control
arm using a Dutch population of cancer patients, large uncertainty remains about
entrectinib’s effectiveness in the Netherlands as we cannot establish to what extent the
patients and the healthcare practices in the US-based entrectinib trials can be compared
to the patients and healthcare practices in the Dutch database. Other approaches for
estimating a control arm to single-arm trial data have been suggested, including the
use of trial patients who did not respond to the treatment as a proxy for control arm
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patients,(49) and basing control arm estimations on trial patients’ progression-free
survival during the most recent prior therapy.(49, 50) However, these methods require
patient-level trial data, which may not always be available to modellers. As argued by
many others, randomised controlled trials have many advantages over its alternatives
and are generally preferred.(51)

Furthermore, because of the small sample size of the entrectinib trials, no tumour type-
specific estimates of treatment effectiveness were available. We therefore had to assume
that the effectiveness of entrectinib is homogeneous across tumour types, despite
prior research suggesting this may be inaccurate.(52) Although we did estimate tumour
type-specific effectiveness for the SoC arm, we deemed it inappropriate to present
tumour type-specific ICER and INMB estimates, given the possibility that entrectinib
effectiveness is heterogeneous. If indeed there is such heterogeneity, the single ICER
values we estimated might be biased, as the proportional distribution of tumour types
in the entrectinib trials may differ from the proportional distribution in clinical practice.

Another data limitation in this study was that we assumed the Dutch costs for adverse
events (adjusted using PPP conversion factors) and Dutch estimates of the relationship
between SF-6D utility and proximity to death to apply to England and Hungary as well.
We also used list prices to obtain the costs of entrectinib, while actual costs may be lower
due to discounts, potentially improving the cost-effectiveness of the implementation of
entrectinib.

Conclusion

Health technology assessments of histology-independent cancer treatments have proven
challenging, for various reasons. Our study has helped to provide possible approaches
to address some of the challenges. Furthermore, we have provided cost-effectiveness
estimates for the implementation of the histology-independent therapy entrectinib in
three different countries.

Out of four NTRK-testing strategies assessed, the optimal strategy was the same in
England, Hungary and the Netherlands. The strategy starts with an IHC test (which
assesses TRK protein expression) for all patients, followed by an RNA-NGS test (which
looks at the tumour RNA to identify NTRK gene fusions) for patients who receive a positive
result on the IHC test.

Nonetheless, the implementation of NTRK testing followed by treatment with entrectinib
is likely not cost-effective in Hungary. In England and the Netherlands, the implementation
of entrectinib was also not found to be cost-effective, though the results from a subgroup
analysis of NTRK+ patients suggested that entrectinib has the potential to be cost-effective.
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CHAPTERY

In this PhD thesis, a health economics perspective was applied to the field of personalised
medicine (PM). The aim of the thesis was threefold: to gain a better understanding of the
added value of personalised medicine; to outline methodological challenges in economic
evaluations of personalised medicine as well as ways to address them; and to conduct
a case study to evaluate the cost-effectiveness of a personalised medicine intervention.

The added value of personalised medicine

To better understand the value of PM, a systematic literature review of economic
evaluations of PM was performed. As described in Chapter 2, we extracted data on
the incremental health benefits and incremental costs for all two-way comparisons
between a PM intervention on the one hand and a non-PM intervention on the other.
Theincremental net monetary benefit (ANMB) was subsequently calculated for each PM
intervention, using standardised estimates of national cost-effectiveness thresholds.

The median incremental health benefit of PM interventions was found to be 0.03 quality-
adjusted life year (QALY) per patient, or roughly 11 quality-adjusted days. The mean
incremental benefit was 0.26 QALY, or roughly 3 quality-adjusted months. The added
health benefits of PM seem therefore modest on average. They also seem not too
dissimilar from the added health benefits of other new healthcare interventions, as a
literature review of economic evaluations of all types of interventions found a median
QALY increase of 0.06 and a mean QALY increase of 0.31.

The results also showed that the ANMB of PM interventions centred around zero, with a
median of Int$ 18. This implies that the health benefits of PM tend to be counterbalanced
by the associated cost increases. High prices for new pharmaceuticals may be part of
the reason for this finding. Although price negotiations can be used to lower prices,
additional measures aiming at curbing the hegemony of the pharmaceutical industry
may be needed to achieve more modest price-setting.?*

Large heterogeneity among PM interventions

The findings of the systematic review suggest that, so far, there has been a limited
actualisation of the high hopes and expectations surrounding PM into (large) added
value to the healthcare system. Nonetheless, large heterogeneity in outcomes was also
identified, with ANMB as high as Int$ 21,615 at the 95" percentile and ANMB as low
as Int$ -91,832 at the 5" percentile. This implies that not all forms of “personalising”
healthcare are worthwhile - from a healthcare system perspective at least. It also seems
that the term “personalised medicine” may be too broad to indicate whether individual
interventions falling in this category will be valuable or not. The term may therefore not
be suitable when deciding upon resource allocation. That is, the sizeable allocation of
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public resources toward the field of PM over recent years, based on high expectations
for PM at large, may have partially ended up funding PM interventions and innovations
with limited value.

We performed a regression analysis to try and identify possible factors explaining why
some PM interventions seem so much more valuable than others. Gene therapies were
found to be a distinct subcategory of PM, as gene therapies were associated with much
larger health benefits than other PM interventions. Indeed, most of the gene therapies
included in the review were treatments for early onset conditions with high morbidity and
mortality, meaning there is the potential for large QALY gains. However, gene therapies
were also associated with higher costs and lower ANMB than other PM interventions.
This suggests that gene therapies have the potential to bring large health benefits but
tend to render a net loss to the healthcare system at current price-setting. Nonetheless,
the number of gene therapiesincluded in our analysis was limited and the findings were
found to be uncertain.

Theregression analysis also suggested that PM interventions aimed at preventing adverse
drug reactions (ADR) tend to have higher ANMB, while PM interventions focussing on the
identification (and treatment) of likely responders to therapy tend to have lower ANMB.
A possible explanation for this is that many of the interventions in the former category
stratify patients to existing (off-patent) treatments (e.g. introducing DPYD-profiling
prior to administering fluoropyrimidines), whereas many interventions in the latter
category stratify toward newly developed treatments (e.g. the provision of osimertinib
to non-small cell lung cancer patients with EGFR-positive tumours). Further research
and development to better stratify existing care therefore seems valuable. However,
itis currently more profitable for pharmaceutical companies to invest in new drugs for
genetic subsets of patients than to invest in research on how to better target existing
therapies. The onus is therefore on policymakers to encourage improved stratification in
existing care, possibly through rules and regulations as well as the allocation of research
funding.

Opportunity costs of investment in PM

Most (60%) of the economic evaluations of PM interventions that were identified in the
systematic review were cancer treatments. Indeed, as mentioned in Chapter 1, many of
the developments in PM so far have been in the field of oncology. This is not necessarily
undesirable, as cancer is a disease with high morbidity and mortality. However, a study
investigating funding priorities in medical research found that cancers are overfunded
relative to both their morbidity and mortality.* Disease areas that were found to be
underfunded compared to their global disease burden were, among others, maternal
sepsis, maternal haemorrhage, several sexually transmitted diseases, all tropical

165




CHAPTERY

diseases, psychiatric conditions such as panic disorder and insomnia, rheumatic heart
disease, and hypertensive heart disorder. More generally, the field of PM, with its focus
on gene profiling, implicitly prioritises disease areas where gene profiling has more
potential to be valuable (e.g. cancer and rare genetic disorders) over other disease
areas. Therefore, the large amounts of research funding that have been allocated to PM
over the past years may have been at the expense of disease areas with limited use for
genetic profiling yet with high unmet need. Apart from risk profiling tests, PM has also
focussed on curative care more than preventive care. Primary prevention, especially,
has received little attention in PM, despite substantial possible benefits from more
prevention efforts. Indeed, it is estimated that around 80% of major chronic diseases
can be prevented through lifestyle factors.>® In oncology it is estimated that only 5-10% of
cancer cases are due to genetic defects, while 90-95% of cases are caused by lifestyle and
environmental factors.” As mentioned in Chapter 1, the term “personalised medicine”
has various interpretations. The ambiguity and the appeal of the word “personalised”
may have contributed to the popularity of PM. However, with its emphasis on oncology
and genetic testing, and its lack of attention for primary prevention, PM is relatively
specific in practice. Arguably, the focal areas of PM and the related opportunity costs
are to some extent hidden by the broad and multi-interpretable word “personalised”.
The use of a more specific term, such as “stratified medicine” or “ genomic medicine”
may therefore be more appropriate.

Methodological guidance for economic evaluations
of personalised medicine

In response to concerns that existing health technology assessment (HTA) frameworks
might be inadequate for assessing the cost-effectiveness of PM interventions, we
investigated the methodological challenges that PM may bring. In Chapter 3, an
overview of possible challenges was presented, as well as guidance on how to proceed in
the face of these challenges. The guidance included 23 recommendations and was based
on extensive research. We performed a targeted literature review for an initial overview
of possible methodological challenges, held interviews with 18 experts, recorded the
methods used in the economic evaluations of PM identified through the systematic
literature review mentioned previously, and held a workshop with around 30 experts to
discuss and refine our initial set of recommendations. Chapters 4-6 described a case
study, regarding the cost-effectiveness of NTRK-testing and subsequent treatment with
entrectinib, where the guidance was applied as much as possible. Below follows a recap
of key elements of the guidance, including a description of how its recommendations
were incorporated in the case study. Further thoughts and recommendations are also
given.
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Modelling test-treatment pathways

Most health economic models to date start from the moment that patients begin
treatment (whether pharmaceutical or otherwise), meaning that the population eligible
for treatment has already been identified. In PM, however, the (genetic) testing of patients
and subsequent stratification to different treatments plays a central role and leaving out
the “testing”-part from the health economic model may give an incomplete depiction
of reality. The guidance therefore advocated for the inclusion of the testing period
in economic evaluations of PM and offered eight recommendations for the accurate
modelling of test-treatment pathways.

Given that different technologies might be used for genetic profiling and given that tests
might be applied at different times and in varying combinations, modellers were urged
to notonly include one of the available options in the economic model but to identify all
relevant test-treatment pathways and to justify why the pathways included in the model
were selected (Recommendation [Rec.] 3).

In our study evaluating the cost-effectiveness of NTRK testing and treatment for the
Netherlands (Chapter 5), the assumed test-treatment pathway was based on a consensus
report by Dutch experts outlining the envisioned NTRK-testing protocol in Dutch clinical
practice. Given the variety of experts involved and the consensus reached among them, the
suggested protocol was deemed the most likely scenario for the clinical implementation
of NTRK testing hence was used for the model. In a follow-up study (Chapter 6), the cost-
effectiveness of three additional NTRK-testing strategies (which were inspired by interviews
with clinical geneticists, oncologists, and other experts) was assessed. This was done for
the Netherlands and two additional countries: Hungary and England.
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The aim of genetic tests is generally to determine whether specific markers are present or
not. However, tests tend to not be 100% accurate, leading to false positive (FP) and false
negative (FN) results. Our guidance recommended the explicit modelling of outcomes for
patients with false positive and false negative test results (Rec. 4). Modellers were also
urged to make sure that the data used to estimate the diagnostic accuracy of a testing
technology aligns with the patient population in the model (Rec. 5).

Two testing technologies were included in our analysis: next-generation sequencing of
RNA (RNA-NGS) and immunohistochemistry (IHC). RNA-NGS is currently the gold standard
for detecting NTRK gene fusions (i.e. sensitivity and specificity are assumed to be 100%),
while IHC testing is less accurate.

Because of its imperfect accuracy, IHC was assumed to render both FP and FN results.
Patients with an FN result, i.e. unidentified NTRK+ patients, were assumed to be treated
according to the standard of care (SoC) and have the survival probabilities of NTRK+ patients
receiving SoC. Patients with an FP result, i.e. NTRK- patients wrongly seen as NTRK+, were
assumed to be treated with entrectinib. For a lack of data on the effect of entrectinib on
NTRK- patients, it was assumed that they have the same survival probabilities as NTRK-
patients receiving SoC. However, the latter only applied to one of the testing scenarios, as
inall other scenarios patients received follow-up RNA-NGS testing after a positive IHC test,
meaning that FP results would be filtered out by the RNA-NGS results.

To calculate the probabilities of FP and FN results, a literature search was performed on
the sensitivity and specificity of IHC testing for elevated levels of the TRK protein. Tumour
type-specific estimates were gathered, as the accuracy of IHC testing may differ across
tumour types (despite the tumour-agnostic label of entrectinib). The prevalence of the
different tumour types in our patient population was subsequently accounted for.

Further recommendations for ensuring that the testing pathway is accurately modelled
concerned the possible consequences of waiting times during the testing phase (Rec.
8) and possible variation in the costs associated with testing (Rec. 9).
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Because there is relatively high short-term mortality in our patient population with
advanced cancer, patients might die during the waiting period associated with testing. To
estimate the impact of the waiting period, the waiting times for various steps of the testing
phase were included in the model. We considered the waiting time for a biopsy, the waiting
time between the biopsy and test results being available, and the waiting time between
test results being available and the start of treatment. Since not all patients go through the
exact same process (e.g. some patients still have tissue available from a previous biopsy
and do not need a new one), the model allowed for varying waiting times depending on
the different steps that patients went through. For each total waiting time, the percentage
of patients that would die during the waiting period was calculated. NTRK+ patients who
died during the waiting period were assumed to incur the costs associated with testing
but receive no entrectinib treatment.

Possible variation in testing costs was addressed in two ways. First, total testing costs
were varied according to the steps patients had gone through, ranging from ‘only one test
being performed’ to ‘both IHC and RNA-NGS as well as three biopsies being performed”.
Forthe Netherlands (Chapter 5), differences in testing costs between hospitals were also
considered by obtaining list prices from a geographically spread selection of academic,
teaching, and general hospitals and calculating weighted averages.

Incorporating patient and clinician compliance

Test-treatment protocols may be imperfectly adhered to, both by clinicians and patients.
Thisisthe casein healthcare more broadly, for example with screening programmes such
asfor colorectal cancer. Nonetheless, the issue may be more pronounced in PM because
of the complicated nature of genetics as well as the presence of many alternative test-
treatment pathways. Depending on the aim of a given health economic model, it may
be valuable to account for patient and clinician compliance. Our guidance encouraged
the inclusion of parameters reflecting patient and clinician compliance in economic
evaluations for decision-makers who require cost-effectiveness results under realistic
circumstances (Rec. 19). Comparing outcomes under current levels of compliance to
a “perfect implementation” scenario may also provide insights in the value of further
efforts to increase compliance. Additionally, it was recommended that modellers
consider possible variation in compliance across societal groups (Rec. 20).

Patient and clinician compliance were not accounted for in our case study. The
reasoning for this was that high compliance was expected because of the severity of
disease and the lack of treatment alternatives for our patient population. We were also
faced with limited data availability regarding the uptake of genetic testing for targeted
cancer treatment. Nonetheless, several studies have shown that non-white patients
and patients with a lower socioeconomic status are much less likely to be referred for
genetic testing.®'? Possible explanations have been suggested, both on the patient side
(e.g. mistrust of genetic testing, limited health literacy) and on the provider side (e.g.
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implicit bias,** poor judgement regarding which patients would benefit most from genetic
testing,'? insufficient ability to identify patients with limited health literacy and clearly
communicate with them).® Nonetheless, limited research has been done to determine the
causes of the identified disparities. Indeed, a systematic review of studies investigating
attitudes toward cancer genomic testing found that most research participants were
white.”* The increasing use of genetic testing in clinical practice therefore carries a
significant risk of exacerbating existing health inequalities. Further research into the
causes of the differing referral rates is strongly encouraged. Subsequent policy changes
may be needed to ensure that the benefits of genetic testing reach all.

(Lack of) effectiveness data

The more patients are stratified into specific subgroups, the smaller the sample size
of each patient population becomes. The large randomised controlled trials (RCTs)
that have been used over the past decades to measure comparative effectiveness may
therefore not always be feasible in PM. Although alternative, more flexible versions of
RCTs have been developed, pharmaceutical companies have so far mostly resorted
to single-arm trials to estimate the treatment effectiveness of interventions aimed at
(relatively) small patient groups. Comparative effectiveness cannot be established from
single-arm trials, for their lack of a control arm. External data may therefore be used to
support the estimation of comparative effectiveness. Our guidance stated that when
external data is used to estimate treatment effectiveness for patients with a specific
genetic marker, the prognostic value of the genetic marker should be accounted for
(Rec. 14).

In Chapter 4 the prognostic value of NTRK gene fusions was estimated. The clinicogenomic
Hartwig Medical Foundation (HMF) database was used to obtain a sample of cancer
patients who were treated in Dutch clinical practice. We identified 24 NTRK+ patients and
matched them to 96 NTRK- patients in a propensity score matching analysis. A subsequent
survival analysis estimated a hazard ratio of 1.44 (95% CI 0.81-2.55) for NTRK+ patients.

The HMF database was also used to estimate tumour type-specific survival curves for
NTRK- patients receiving SoC (Chapter 5). To calculate survival for NTRK+ patients receiving
SoC, the estimated hazard ratio of 1.44 was applied to the survival curves of NTRK- patients.

In our case study, we tried our best to construct an appropriate comparator arm to
the single-arm entrectinib trials. Besides accounting for the prognostic value of NTRK
gene fusions, we selected a patient population that matched the inclusion criteria of
the entrectinib trials (patients with locally advanced or metastatic disease who had
received at least one previous line of treatment). We also only included patients in the
comparator arm who had one of the tumour types appearing in the trial population.
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However, important differences are likely to have remained, for example because trial
patients were treated in the US, Korea, Spain, and Italy, while patients in our comparator
arm were treated in the Netherlands. With access to patient-level trial data, we might
have been able to use a more advanced approach than the naive comparison we
conducted. Nonetheless, the combination of single-arm trial data with external, real-
world data for the estimation of comparative treatment effectiveness would have had
many remaining limitations. Among these are unobserved confounders** as well as the
Hawthorne effect (i.e. the setting of clinical trials affects patient and clinician behaviour
because participants know they are being observed) possibly skewing the estimated
difference between the trial arm and the real-world comparator arm. Beaulieu-Jones
et al,, in a study on the use of real-world evidence in healthcare regulation, also point
out that multiple hypothesis testing is more likely to go unreported or unnoticed when
real-world data is used, especially when it pertains large, widely distributed datasets.’
They write: “[M]ultiple chances and analytical approaches to explore an observational
hypothesis may result in different point estimates. Given the financial stakes in regulatory
outcomes, there are strong incentives for reporting of positive results”.t®

Given the many drawbacks of using real-world data to estimate treatment effectiveness,
forgoing an RCT should be avoided as much as possible. Commonly cited justifications
for a lack of RCT evidence are the rarity of the condition in question and the absence
of approved comparator treatments.’* However, an analysis of EMA and FDA approvals
found that these arguments are inconsistently applied, with examples of RCT evidence
submitted for treatments for highly rare conditions and both controlled and uncontrolled
studies submitted under similar availability of comparator treatments.’® Another study
found that, between 2014 and 2019, more than half of the oncology drugs receiving FDA
approval based on single-arm trial data had approved comparators available that they
should have been compared to.*” More stringent guidance on when a departure from RCT
evidence is justified is therefore encouraged. For small patient groups, the use of more
flexible RCT designs may be stimulated.*#1° Stricter guidelines on the use of observational
data are also encouraged. For single-arm trials, for example, preregistration may be
required of the methods to be used in constructing a synthetic control arm, possibly
with the additional requirement to perform a follow-up study with a prospective cohort
if the original observational data was retrospective.”®

To achieve a stronger evidence base, tighter collaboration may be needed between
marketing authorisation agencies (e.g. EMA, FDA) and reimbursement authorities.
There has been an increasing use of expedited drug approval programmes by both
EMA and FDA over recent years.?>?! The rationale for expedited approval is generally
that there is an “unmet clinical need” and that patients should receive access to the
pharmaceutical as quickly as possible. It has however been argued that the argument
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of “unmet clinical need” was inappropriately used in several expedited approvals.?
Allowing pharmaceuticals onto the market with limited clinical evidence also has
numerous disadvantages. There may be harm to patients, as severe side effects may
have gone undetected in the submitted evidence.?” Expedited approvals may also cause
a suboptimal allocation of healthcare resources, as treatment effectiveness may turn out
to be worse than the preliminary estimates. Although marketing authorisation agencies
and reimbursement agencies have different roles and aims, a better streamlining of their
respective rules and requirements may be needed forimproved population health.

Reflecting and addressing uncertainty

Large uncertainty is often mentioned as a key challenge in PM.2*%* Although uncertainty
is present in all health economic models, characteristics particular to PM may give
rise to increased parameter uncertainty as well as structural uncertainty. Parameter
uncertainty (i.e. uncertainty as to how closely the estimated values for input parameters
approximate the true values) may for example be increased by the unclear causal status
between genetic markers and clinical outcomes, or by unknown genetic data quality
due to a lack of standardisation across laboratories and across genomic databases.?
Parameter uncertainty is affected by sample size as well as by variance in the data.
Therefore, opposing factors are at play in the estimation of treatment effectiveness in
PM. On the one hand, increased patient stratification decreases heterogeneity within
each patient population, thereby decreasing parameter uncertainty. On the other hand,
increased patient stratification may also lead to smaller sample sizes, thereby increasing
parameter uncertainty.

Structural uncertainty (i.e. uncertainty whether the model assumptions and selected
methods are appropriate) may arise in PM because of complex testing procedures
with many possible test-treatment pathways. Structural uncertainty also arises in the
estimation of comparative effectiveness, as method selection may have a large impact
on the estimated outcomes.? For example, in a study of six clinical areas, Sacks et al.
found that the results of clinical trials were more dependent on the method for selecting
control groups than on the therapy under consideration.?” This issue is exacerbated in
PM, as various different methodological choices may have to be made to estimate the
outcome of interest (e.g. lifetime incremental QALYs) based on limited available data. In
our guidance we therefore encouraged modellers to identify uncertainties in structural
assumptions and decisions and investigate their impact on cost-effectiveness results
through a sensitivity analysis (Rec. 22).
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An elaborate sensitivity analysis was performed in the case study to evaluate the impact of
parameter uncertainty on the results. However, apart from a scenario analysis regarding
the costs and health consequences of the testing phase, structural uncertainty was not
quantified. Resource constraints were the main reason for this. Generally, evaluating the
impact of structural assumptions and decision on cost-effectiveness requires extensive
additional modelling work. For example, evaluating the impact of our method selection
for constructing a synthetic control arm may require constructing one or multiple new
control arms from scratch (using different methods). Building several different versions
of a single health economic model may in practice not always be feasible. Also, while the
inclusion of all elements of uncertainty in sensitivity analyses provides a more complete
reflection of reality, cost-effectiveness results surrounded by a lot of uncertainty may
offer little help in decision-making. Uncertainty in PM is therefore best addressed at
the source. As argued in the previous section, there is still much room for improvement
in the generation of clinical evidence. Beyond stricter requirements for the evidence
that is submitted to marketing authorisation agencies and reimbursement agencies,
policymakers may encourage more widespread collection of clinical and genomic
registry data (while ensuring data protection of course) and more standardisation of
methods across clinicogenomic databases. Improved clinicogenomic data collection is
likely to increase our understanding of the relationships between genetic markers and
clinical outcomes. For the insights from improved data collection to benefit all, it is key
thatincluded sample populations are representative of the wider population. Given large
historic differences in research inclusion based on ethnicity, sex, age, socioeconomic
status, and geography, among other things, additional efforts may be needed to ensure
inclusivity in clinical data collection.?-*

In cases where uncertainty is simply too large for a reimbursement decision to be made,
managed entry agreements may be struck between manufacturer and healthcare payer.
Various types of managed entry agreement exist (e.g. payment by result, price-volume
agreements, etc.), with a range of conditions that can be included. Health economic
modelling can be used to optimise the conditions of a managed entry agreement.
The guidance stated that if a managed entry agreement is being considered for an
intervention, its conditions may be included in the model evaluating the intervention
(Rec.23). Given that clinical guidelines and reimbursement status are not always adjusted
after updated estimates of treatment effectiveness become available, the use of MEAs
risks wasting resources on insufficiently effective (or harmful) treatments long-term 223
To mitigate this risk, standardised quality protocols for further data collection may need
to be developed and standardised re-assessment procedures may be put in place to
ensure clinical guidelines and reimbursement status are adjusted when necessary.
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Additional value elements

In 2018 a report was released by the ISPOR Value Assessment Framework Special Task
Force arguing that the QALY insufficiently reflects the value of healthcare interventions.*
Thereport listed several “additional elements of value”, including value of knowing, fear
of contagion, insurance value, value of hope, real option value, severity of disease, equity,
and scientific spillovers.® The report received a relatively large amount of attention in
the pharmacoeconomic field, with some arguing that several of the suggested value
elements may be particularly importantin PM.*" However, in our guidance we identified
several flaws to the suggested value elements (Chapter 3). A key limitation we pointed
outisthat many of the elements are conceptually ambiguous. They lack clear definitions,
and some appear to partially overlap. Below follows a more detailed discussion of each
suggested element of value.

Note first that the value elements focus on slightly different target groups. fear of
contagion and insurance value describe interventions’ effect on the general public, i.e.
people who are not currently affected by the condition the intervention is for. Value of
knowing, value of hope, and real option value concern patients who are in care for the
condition in question. Finally, severity of disease, equity, and scientific spillovers are mostly
related to societal goalsetting.

According to the task force, fear of contagion relates to the reduced anxiety people may
experience once interventions become available that decrease their chances of being
infected by a contagious condition (e.g. Ebola vaccine, COVID-19 vaccine). Insurance
value refers to the comfort people may experience from knowing that if they were to
get the condition in question, (improved) treatment would be available. Considering
psychological effects among the general public in a quantitative manner in decision
making would require a complete overhaul of the system, whereby all public resources
are allocated with the aim of maximising the well-being of the overall population.®**
Although this might sound theoretically appealing to some, doing so would be dauntingly
complex in practice and no pragmatic solution has been proposed to date.

The value of knowing reflects the effect of getting (reliable) test results. On the one
hand, people might feel comforted by the reduced uncertainty. On the other hand,
people might experience increased anxiety, for example because variants related to
a heightened cancer risk were identified. Several authors have argued that the value
of knowing is an important concept in the context of genetic testing.“>* Indeed, in our
review of economic evaluations of PM, we found multiple studies that had included
the value of knowing (Chapter 3). Although there is some debate as to whether the
QALY is sufficiently sensitive to measure the psychological effects of test results®#>4
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all the identified studies included the value of knowing in the form of a QALY increase
or decrease.

Both value of hope and real option value relate to patients’ attitudes toward risk. Patients
might experience value of hope prior to starting treatments that have a long right tail in
terms of survival, meaning there is a (small) chance that they will live markedly longer
than the expected median. Real option value refers to the possibility of benefitting from
future advances in medicine when receiving life-extending treatment. Allocating real
option value to life-extending treatments implicitly prioritises length of length over
quality of life, in return for a chance that relevant advances in medicine happen in the
additional life time. Some patients may indeed prefer more uncertain outcomes with a
small chance of long-term survival or prefer prioritising length of life over quality of life.
As was argued in Chapter 3, however, it is debateable whether all elements that bring
value to (some) patients should be paid for by national healthcare payers. Additionally,
including real option value in price-setting may result in the healthcare system paying
for the same innovation twice: first for the possibility of a new treatment and second
for the actualised treatment.

Severity of disease, whereby treatments for very severe diseases are valued more highly
than treatments for mild diseases, reflects an equity concern. Arguably, severity of
disease is therefore already covered by the equity element of value and does not need
to be listed separately. Equity concerns, including severity of disease, unmet clinical
need, and others, are not uncommonly considered in HTAs.*** Nonetheless, HTA
agencies tend to focus on specific elements of equity, with a standardised method for
the comprehensive (yet pragmatic) quantification of interventions’ equity effects yet to
be implemented. Non-disease related health disparities (e.g. socioeconomic, ethnic,
geographic) have also received limited attention in HTAs.***” More research on the role
of marketing authorisation and reimbursement agencies in decreasing inequities may
therefore be valuable.

Finally, the element scientific spillovers aims to reward innovation, for example by valuing
pharmaceuticals with a new mechanism of action more highly. While innovation may be
a legitimate policy goal, several studies have brought into question whether allowing
higher prices for pharmaceuticals with a new mechanism of action is the desired way
to encourage innovation.**-*! Research has shown that innovation efforts focus on a
few areas of expected high return, while there is virtually no innovation in other areas of
large unmet need.”**>* It has been argued that drug prices in the former should in fact
be lowered to encourage innovation in the latter.*#>% Drastic innovation also appears
to be hampered by the incentive for “me-too” drugs, which are drugs similar to existing
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drugs (with a high price) but with a mechanism of action that is different enough to
warrant a patent protection.®®*’

Beyond value of knowing and severity of disease/equity (both of which are already
commonly considered), there may be little merit in including the suggested additional
value elements in HTAs. Our guidance recommended that modellers only include
elements of value recommended by national HTA guidelines in the base case (Rec. 18).

The HTA guidelines in both the Netherlands and the UK prescribe severity-weighting,
where the value of the cost-effectiveness threshold is varied according to the severity of
the treated disease. We used country-specific tools to calculate the QALY shortfall of our
patient population (i.e. the difference between expected life expectancy with and without
advanced cancer, given the current SoC). In the Netherlands, the estimated QALY shortfall
fellin the highest category, implying a threshold value of €80,000. In the UK, the estimated
QALY shortfall implied a severity weight of 1.2 and a threshold value of £36,000.

A perhaps somewhat cynical interpretation of the amplification that the task force report
received is that pharmaceutical companies may be looking to justify high prices for drugs
with limited health benefit by arguing that the drugs offer additional value elements.
While this is likely not the sole reason for the publicity around additional value elements,
policymakers are encouraged to keep their eyes on the prize: what are the main goals
for the healthcare sector? And what might be the best tools to achieve those goals?
Additional measures may be needed to minimise the effects of lobbying efforts by the
pharmaceutical industry on policymaking and research funding.

Cost-effectiveness outcomes for NTRK-testing and
treatment

The ICER of implementing NTRK-testing and subsequent entrectinib treatment was
estimated to be €169,957/QALY in the Netherlands (Chapter 5). This value is much
higher than the cost-effectiveness threshold of €80,000/QALY. Indeed, the probabilistic
sensitivity analysis (PSA) suggested that the implementation of NTRK-testing and
treatment had a 0.2% chance of being cost-effective. In a scenario analysis that focussed
only on the (supposedly already identified) population of NTRK+ patients, the ICER
dropped steeply to €38,563/QALY. This illustrates that the consequences of neglecting
the introduction of further testing as part of the decision problem may be substantial.
It also suggests that the cost-effectiveness of TRK inhibitors may improve as genetic
testing becomes more widespread in cancer care and the cost per genetic test decreases.
Nonetheless, even if all cancer patients were offered genetic testing as part of standard
care, additional testing may be needed prior to starting entrectinib treatment hence
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test-related costs and health consequences may still be incurred. This is because RNA-
based testing (as opposed to DNA-based testing) may be needed to identify functional
NTRK gene fusions and/or because the genetic profile of tumours may change over time
(e.g. NTRK fusions can emerge in response to targeted treatment for EGFR mutations).>®°

In Chapter 5, the focus was on the Netherlands, and the modelled testing pathway was
based on the testing protocol suggested in a consensus report by Dutch experts. In
Chapter 6, the scope of the analysis was expanded to also include Hungary and the UK.
Furthermore, the cost-effectiveness of four different testing strategies was compared. In
all three countries, the optimal testing strategy was found to be IHC then RNA-NGS, where
all patients receive IHC testing and those with a positive test result receive confirmatory
RNA-NGS testing. Although the testing strategy proposed by the Dutch expert group
(Stratified) rendered slightly better QALY outcomes than IHC then RNA-NGS, its ANMB
was lower. This suggests that health economic modelling may be a valuable addition to
expert opinion when deciding on the optimal implementation of (genetic) tests.

All evaluated testing strategies rendered negative ANMB in all three countries. When
focussing only on the NTRK+ population (i.e. assuming that no additional testing is needed
to establish eligibility for entrectinib treatment), ANMB turned positive in the Netherlands
and in the UK but remained (deeply) negative in Hungary. This suggests that there is
some potential for entrectinib to become cost-effective in the Netherlands and the UK,
whilein Hungary the implementation of entrectinib would most likely cause a net loss to
the healthcare system unless the price of entrectinib was significantly reduced. The cost-
effectiveness outcomes for entrectinib fit in a broader pattern, where most of the new
oncology drugs come at high prices yet offer limited health benefit.?2%° The high prices
for oncology drugs affect access to cancer care in low- and middle-income countries
(LMICs), as LMICs account for only 5% of global expenditure on cancer despite incurring
an estimated 80% of the global cancer disease burden.®*%? In high-income countries,
too, the price-setting for oncology drugs may prove unsustainable. For example, a study
focussing on the German healthcare system estimated that, based on the current price-
setting for cancer drugs relative to their health benefit, paying for curative cancer drugs
would more than triple national healthcare expenditure.®* Measures may be needed
to moderate cancer drug prices, possibly including a more restricted use of expedited
approval pathways and more education of health professionals and the public alike to
prevent unrealistic expectations about the benefits of new pharmaceuticals.?#%

Finally, the “tumour-agnostic” or “histology-independent” label of entrectinib and
larotrectinib seems to imply that tumour location and/or histology are irrelevant to the
choice for TRK inhibitor treatment. Indeed, for a lack of tumour type specific information
on the effectiveness of entrectinib, we estimated a single ICER for the cost-effectiveness

177



CHAPTERY

of NTRK-testing and treatment. However, evidence suggests there may be significant
heterogeneity in (cost-)effectiveness across tumour types.® Allowing single estimates
of (cost-)effectiveness for a pool of tumour types is therefore likely inappropriate and
marketing authorisation and reimbursement agencies are encouraged to ensure that
heterogeneity is appropriately reflected in clinical evidence for histology-independent
therapies.

Concluding remarks

As explained in Chapter 1, “personalised medicine” is a future-oriented term. De
Grandis & Halgunset describe the term as a “cluster of visions for the future” and
argue that the term is purposefully rhetorically appealing to rally support and further
investment.®® Chapter 2 showed that so far there has been a limited actualisation of
the high hopes and expectations surrounding PM, with a median QALY gain of 0.03 and
median ANMB of Int$ 18 across PM interventions. Chapter 5 and Chapter 6 showed
that the implementation of NTRK-testing and subsequent treatment with the histology-
independent therapy entrectinib is likely not cost-effective (at least in Hungary, the
Netherlands, and the UK) given the current context and price-setting. However, all hope
isnot lost. The regression analysis in Chapter 2 suggested that genetic testing to prevent
adverse drug reactions may be particularly valuable, and several PM interventions with
high ANMB were identified. There appears to be value in some forms of PM but not
in others, suggesting that “personalised medicine” may be too broad a term to guide
investment and funding decisions. Also, as argued above, the word “personalised” can be
interpreted in many ways and to some extent conceals the field’s focus on genetic tests,
pharmaceuticals, and oncology. Using more modest, specific terms, such as “stratified
medicine” and “genomic medicine” may lead to more modest and realistic expectations
regarding the value of new interventions.

Several recommendations were made in this chapter (Chapter 7) for a (more) successful
implementation of PM. Stricter requirements ought to be set for clinical evidence
submitted to marketing authorisation agencies and reimbursement agencies. There
also need to be stricter requirements regarding follow-up studies to be conducted
in cases where the original evidence is limited. Standardised procedures should be
developed to ensure that clinical guidelines and reimbursement status are updated if
follow-up studies show insufficient treatment effectiveness or severe side effects. More
widespread collection of clinical and genomic registry data may be needed. National
HTA guidelines may have to be updated with additional guidance on the modelling of
testing pathways, to ensure testing pathways are consistently included and modelled
across reimbursement dossiers. More research funding and policy measures are needed
to ensure that the implementation of PM does not exacerbate existing health inequalities.
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Theissue of unequal referral rates to genetic testing needs to be addressed, and patient
populations both in clinical trials and in registry data need to be more representative of
real-life patient populations. Measures are needed to ensure that areas of technological
innovation better align with areas of high unmet clinical need. Measures are needed to
temper prices for (oncology) drugs with limited health benefit. And finally, policymakers,
research funders, and researchers alike are encouraged to exercise caution around the
topic of PM.*" Not all PM interventions offer added value to the healthcare system and
society at large. So far, the field of PM has also had little attention for primary prevention,
despite a huge potential for health gains through improved (targeting and tailoring
of) primary prevention. Let us keep our eyes on the prize and only allocate resources
to interventions and areas of innovation and implementation that are likely to offer
(sizeable) added value.
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CHAPTER 8

Summary
In this thesis a health economics perspective is applied to the phenomenon of
personalised medicine.

Chapter 1: General introduction

Chapter 1 contains a detailed look at the origin and definition of the concept “personalised
medicine”. The term first appeared in a 1999 Wall Street Journal article about a research
project that was aiming to develop targeted pharmaceuticals “for each unique genetic
profile”. Over time, the initial focus of personalised medicine - on pharmaceuticals
and on genetic profiles — expanded. The term came to be associated with the broader
idea that healthcare should be (more) tailored to our individual characteristics. Yet
debate emerged about the exact meaning of “personalised medicine”. Philosophers
De Grandis & Halgunset have argued that the term describes a cluster of visions for the
future of healthcare more than an existing reality. They suggest that the meaning of
personalised medicine is therefore fluid and may shift over time, depending on which
technologies actualise and political developments such as “who gets involved”, “who
pays, and for what”. Based on a systematic literature review on the various uses of the
term “personalised medicine” by Schleidgen et al., and to best capture the available
technologies so far, the following definition of personalised medicine is adopted for
this thesis:

a medical model that bases therapeutic choice on the result of gene profiling
or aims to correct pathogenic gene mutations

Chapter 1 also outlines key concepts and methods in the field of health economics
or, more specifically, its subfield of health technology assessment (HTA). HTA is used
to assess health technologies, also called “interventions”. The properties and effects
of different healthcare interventions are evaluated, using the same methodological
approach and the same criteria each time. This way, HTA provides insights into the value
for money that different healthcare interventions provide relative to each other and hence
can support decision making on resource allocation.

The main objectives of the thesis are as follows: to provide insights into the added value
of personalised medicine and to investigate methodological challenges in evaluating
personalised medicine. A cost-effectiveness analysis of a personalised medicine
intervention is performed as a case study.
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Chapter 2: The net benefit of personalised medicine

Personalised medicine (PM) has been surrounded by excitement and anticipation.
Indeed, a better tailoring of healthcare may have many positive consequences - such as
improved treatment effectiveness, less adverse drug reactions, more diseases prevented
- that in turn could lead to increased quality and length of life and/or a reduction in
wasteful healthcare spending. At the same time, though, there are concerns about
the potentially high costs of (implementing) PM. Some of the PM interventions that
have come onto the market in recent years have come with large price tags. And more
widespread implementation of gene testing in clinical practice may be rather expensive.

Chapter 2 presents an analysis aiming to get a better understanding of the added value,
or the net benefit, of PM. A systematic literature review of economic evaluations of PM
interventions was performed. For all pair-wise comparisons between PM interventions
and non-PM interventions that were identified, the estimated incremental costs
(Acosts) and health effects (AQALY) were captured and used to calculate incremental
net monetary benefit (ANMB). To investigate whether certain types of PM might offer
more benefit than others, regression analyses were performed with Acosts, AQALY and
ANMB as dependent variables and various intervention characteristics as independent
variables. Random intercepts were used to cluster studies according to country.

Out of 4,774 studies reviewed, 128 met the inclusion criteria, providing cost-effectiveness
outcomes for 279 PM interventions. Most studies were set in the United States (48%) and
the United Kingdom (16%). No economic evaluations of PM interventions were found for
low- or lower-middle income countries. Cancer treatments (60%) and pharmaceutical
interventions (72%) occurred frequently. Approximately 32% of studies were found to
have some form of sponsorship from the pharmaceutical industry.

The median incremental health benefit of PM interventions was found to be 0.03 quality-
adjusted life year (QALY) per patient, or roughly 11 quality-adjusted days. The added
health benefits of PM seem therefore modest on average. The results also show that
the ANMB of PM interventions centred around zero, with a median of 18 international
dollars (Int$). This implies that the health benefits of PM tend to be counterbalanced by
the associated cost increases.

Nonetheless, there is a variety in outcomes, with ANMB as high as Int$ 21,615 at the
95! percentile and ANMB as low as Int$ -91,832 at the 5" percentile. The regression
analysis showed gene therapies to be a distinct subcategory of PM. Gene therapies are
associated with (much) larger health benefits, higher costs and lower ANMB than other
PM interventions. This suggests that gene therapies have the potential to bring large
health benefits but tend to render a net loss to the healthcare system at current price-
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setting. However, the number of gene therapies included in our analysis was limited and
the findings were found to be uncertain.

The regression analysis also suggests that PM interventions aimed at preventing adverse
drug reactions (ADR) tend to have higher ANMB, while PM interventions focussing on the
identification (and treatment) of patients likely to respond to treatment tend to have
lower ANMB. A possible explanation for this is that many of the interventions in the former
category stratify patients to existing (off-patent) treatments, whereas many interventions
in the latter category stratify toward newly developed treatments. While much of the
focus in PM has been on developing new treatments for new subsets of patients, further
research and development to better stratify existing care may be valuable.

Also, despite the general tendency of PM interventions toward a ANMB of zero, we
identified various interventions with (very) negative ANMB. National and international
pricing policies may be needed to reduce the costs of these interventions, to prevent
healthcare systems facing negative net benefit when implementing the interventions.

Chapter 3: Guidance for the harmonisation and improvement of
economic evaluations of personalised medicine

Personalised medicine, with its heavy focus on genetic markers and innovative
approaches, differs from much of the healthcare that came before. In response to
concerns that existing HTA methods might be inadequate for assessing the cost-
effectiveness of PM interventions, we investigated the methodological challenges that
PM may bring. An overview of the possible challenges as well as guidance on how to
proceed in the face of these challenges are presented in Chapter 3.

We performed a targeted literature review and held interviews with 18 experts for an
initial overview of possible methodological challenges and ways to address them. The
systematic literature review of economic evaluations of PM (Chapter 2) was also used
to investigate the methodological approaches that have been used so far. Once an
initial set of recommendations was drafted, they were discussed in a workshop with
around 30 stakeholders and subsequently adjusted. The final guidance contained 23
recommendations.

Although we found some studies arguing that adjustments to standard HTA approaches
may be needed for PM interventions, many of the interviewed experts stated that PM
should be subject to the same methodological framework as other interventions to
ensure consistency and comparability. The first two recommendations of the guidance
reflect this sentiment. The use of the standard perspective (Recommendation [Rec]
1) and standard discount rates (Rec. 2) as indicated by national HTA guidelines is
encouraged, for PM and non-PM interventions alike.
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The (genetic) testing of patients and subsequent stratification to different treatments
plays a central role in PM. Yet most health economic models to date start from the
moment that patients begin treatment (i.e. after any testing has concluded). To ensure
a more complete reflection of the reality, the guidance advocates for the inclusion of
the testing period in economic evaluations of PM. Eight recommendations are given for
the accurate modelling of test-treatment pathways.

Given that different technologies might be used for genetic profiling and given that
tests might be applied at different times and in varying combinations, modellers are
urged to not consider just one of the available test options. Instead, all relevant test-
treatment pathways should be identified, and a justification should be given as to why
the pathways included in the model were selected (Recommendation [Rec.] 3). We
also stress that including the costs and health effects of testing only for the patients
who end up receiving a specific treatment, as is sometimes done, gives an incomplete
depiction of the consequences of introducing a test-treatment combination into clinical
practice. Rather, the cost and health effects for all patients who receive testing should be
considered in the model, including for patients who get false-positive or false-negative
test results (Rec. 4). Furthermore, when introducing a test for hereditary conditions, a
downstream consequence of introducing the test may be that relatives of the initial
patients with a positive result (the “index patients”) also become eligible for testing.
Modellers are encouraged to include the cost and health outcomes of testing relatives
in the economic evaluation of the index patients (Rec. 10). Other topics that modellers
are encouraged to consider are: relevance of the available data on diagnostic accuracy to
the patient population in the model (Rec. 5); the effect of different possible cut-off values
for the test results on cost-effectiveness outcomes (Rec. 6); possible interdependence
between test results when multiple tests are used (Rec. 7); morbidity/mortality resulting
from waiting periods related to the testing procedure (Rec. 8); and possible variation in
testing costs across laboratories (Rec. 9).

The more patients are stratified into specific subgroups, the smaller the sample size
of each patient population becomes. The large randomised controlled trials (RCTs)
that have been used over the past decades to measure comparative effectiveness may
therefore not always be feasible in PM. Indeed, submissions for marketing authorisation
and reimbursement without RCT evidence seem increasingly common. However,
doubts have been raised whether foregoing an RCT was justified in all of the non-RCT
dossiers that have so far been submitted to regulators such as the European Medicines
Agency and the US Food and Drug Administration. Also, there are concerns about the
consequences of allowing interventions onto the market based on limited clinical
evidence, including possible harm to patients and a suboptimal allocation of healthcare
resources. We therefore encourage the use of effectiveness data from trials with two (or
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more) alternative treatment strategies (Rec. 11). Nonetheless, given that those tasked
with the evaluation of an intervention’s cost-effectiveness may not have control over
the available effectiveness data, the guidance offers several recommendations aimed
at upholding quality standards as much as possible. These include recommendations
urging modellers to be transparent about data sources and assumptions, when using
surrogate outcomes to estimate final outcomes (Rec. 12) and when estimating the
association between a genetic marker and clinical outcomes (Rec. 15). When external
data is used to estimate comparator effectiveness, modellers should account for
possible changes in treatment effectiveness over time (Rec. 13) as well as the prevalence
of relevant genetic markers in the intervention vs. comparator populations (Rec. 14).
Additional recommendations are made to improve the extrapolation of short-term data
from clinical studies to long-term health outcomes. Modellers are encouraged to use
expert opinion alongside statistical fit to choose the survival model (Rec. 16) and to
account for any excess mortality (compared to the general population) for long-term
survivors of a disease (Rec. 17).

In 2018 a report was released by the ISPOR Value Assessment Framework Special Task
Force arguing that the quality-adjusted life year (QALY) insufficiently reflects the value
of healthcare interventions. The report listed several “additional elements of value”,
including value of knowing, fear of contagion, insurance value, value of hope, real
option value, severity of disease, equity, and scientific spillovers. Some have argued
the additional value elements may be particularly important in PM. However, there are
several concerns with the suggested list of value elements. These include conceptual
ambiguity of the different value elements and possible overlap between them, a one-
sided focus on positive elements of value, and a blurring of individual preferences versus
societal priority-setting. The guidance therefore discourages the inclusion of value
elements beyond the those recommended by national HTA guidelines and states that
if additional value elements are included in a sensitivity analysis, possible elements of
negative value should be equally considered (Rec. 18).

Patient and clinician compliance in clinical practice may be far removed from the
optimised conditions in clinical trials, especially when genetic tests are involved. For
example, there may be patient mistrust toward genetic testing, or the complicated nature
of genetic testing may hamper its adoption by clinicians. We therefore recommend that,
if an insight into the intervention’s cost-effectiveness under realistic circumstances is
required, parameters reflecting patient and clinician compliance should be included in
the economic evaluation (Rec. 19). Previous studies have shown that non-white patients
and patients with a lower socioeconomic status are much less likely to be referred for
genetic testing. We therefore also recommended that modellers consider possible
variation in compliance across societal groups (Rec. 20).
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Large uncertainty is often mentioned as a key challenge in PM. Both parameter
uncertainty (i.e. uncertainty as to how closely the estimated values for input parameters
approximate the true values) and structural uncertainty (i.e. uncertainty whether the
model assumptions and selected methods are appropriate) are likely to arise. Parameter
uncertainty may for example be exacerbated by the unclear causal status between
genetic markers and clinical outcomes. Structural uncertainty may arise because of
complex testing procedures with many possible test-treatment pathways, or because
various methodological choices have to be made to estimate the outcome of interest
based on limited available data. The guidance states that when expert judgement
is used to estimate values for the input parameters in the model, the elicited values
should be synthesised into a probability distribution so that the uncertainty in expert
judgement can be reflected (Rec. 21). Modellers are also encouraged to identify the
uncertainties in structural assumptions and decisions and to investigate the impact on
the cost-effectiveness results through a sensitivity analysis, ideally by parameterising
the structural aspects (Rec. 22).

In cases where uncertainty is too large for a reimbursement decision to be made,
managed entry agreements may be struck between manufacturer and healthcare payer.
Various types of managed entry agreement exist (e.g. payment by result, price-volume
agreements, etc.), with a range of conditions that can be included. Health economic
modelling can be used to optimise the conditions of a managed entry agreement.
The guidance states that if a managed entry agreement is being considered for an
intervention, its conditions may be included in the model evaluating the intervention
(Rec. 23).

Chapter 4: Prognostic value of the NTRK fusion biomarker in the
Netherlands

The methodological guidance of Chapter 3is applied to a case study of a PM intervention:
testing for oncogenic neurotrophic tyrosine receptor kinase (NTRK) gene fusions among
cancer patients and subsequently providing the histology-independent treatment
entrectinib to those with a positive test result.

NTRK fusions result from chromosomal rearrangements that cause the 3' region of the
NTRK gene to join the 5' region of a fusion partner gene. Such fusions may result in TRK
fusion proteins with constitutively active tyrosine kinases, which can lead to tumour
growth. Entrectinib is an inhibitor for the three most common types of TRK protein: TRKA,
TRKB and TRKC (encoded by the NTRK1, NTRK2 and NTRK3 gene, respectively). A pooled
analysis for three phase I/Il trials for entrectinib appeared promising. However, the trials
were single-arm trials. To estimate entrectinib’s comparative effectiveness, we had to rely
on historical data. A key issue is that the entrectinib trial population consists of patients
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with tumours with NTRK gene fusions (“NTRK+ patients”), while the available comparator
data contains mostly patients without such tumours (“NTRK- patients”). To be able to
account for this difference, we estimated the prognostic value of the NTRK gene fusion.

The clinicogenomic Hartwig Medical Foundation (HMF) database was used to obtain a
sample of cancer patients who were treated in Dutch clinical practice. In a sub-cohort
of the HMF database, the Center for Personalised Cancer Treatment (CPCT-02) study,
whole-genome sequencing of tumour DNA was performed for thousands of patients
from 44 hospitals in the Netherlands. For all patients in the CPCT-02 study, we extracted
data on various genetic markers of the tumour DNA as well as several clinical variables.

Patients were then classified into two cohorts: NTRK+ patients and NTRK- patients.
Patients who had NTRK fusions in the tumour DNA that were deemed “likely functional”
(i.e. leading to the expression of TRK fusion proteins) were included in the NTRK+ cohort.
Patients without NTRK fusions in the tumour DNA, or with NTRK fusions that did not meet
the conditions for likely functionality, were included in the NTRK- cohort. We performed
a propensity score matching analysis to identify a subgroup of NTRK- patients similar to
the group of NTRK+ patients. NTRK+ patients were matched to NTRK- patients using a 1:4
matching ratio. Within each tumour type, patients were matched on the variables age,
sex, year of biopsy, and number of previous lines of therapy. We subsequently analysed
the survival of NTRK+ and NTRK- patients using the Kaplan-Meier method.

Among 3,556 patients from the CPCT-02 study with known tumour location, 24 NTRK+
patients were identified. NTRK+ patients were distributed across nine different tumour
types: bone/soft tissue, breast, colorectal, head and neck, lung, pancreas, prostate, skin
and urinary tract. NTRK fusions involving the NTRK3 gene (46%) and NTRK1 gene (33%)
were most common.

The survival analysis rendered a hazard ratio (HR) of 1.44 (95% Cl 0.81-2.55) for NTRK+
patients. HR values smaller than 1 are included in the 95% CI, meaning the estimated
point value is statistically non-significant. Nonetheless, three prior studies (in slightly
different settings) produced similar estimates, making it plausible that NTRK+ patients
indeed have a worse prognosis than NTRK- patients. In a sensitivity analysis where
NTRK+ patients with concurrent oncogenic biomarkers were excluded, we found a lower
HR thanin the main analysis (1.20, 95% CI 0.61-2.36). This suggests that the main analysis
may have overestimated the prognostic value of the NTRK gene fusion per se.

Animportant limitation of the study is that we estimated a single HR value for all NTRK+
patients, despite prior studies suggesting that there may be heterogeneity in the
prognostic value of NTRK gene fusions across different tumour types. The small sample
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of 24 NTRK+ patients left us with little option, yet caution should be exercised when using
the results of this study (and those of the three prior studies).

Chapter 5: Cost-effectiveness analysis of treating patients with NTRK-
positive cancer with the histology-independent therapy entrectinib
Entrectinib and fellow TRK inhibitor larotrectinib came to the market as the first two
molecularly targeted therapies with a histology-independent (also called tissue- or
tumour-agnostic) label. Histology-independent therapies can be prescribed regardless
of the tissue of origin of the tumour, reflecting an innovative approach to cancer
care. Chapter 5 presents a cost-effectiveness analysis of treating NTRK+ patients with
entrectinib. The intervention is defined as: NTRK gene fusion testing for all patients with
locally advanced or metastatic solid tumours, followed by treatment with entrectinib in
NTRK+ patients and standard of care (SoC) in NTRK- patients. In the comparator arm,
all patients receive SoC and no NTRK testing is performed. Larotrectinib ideally would
have been included as another comparator. However, single-arm trials were performed
for both entrectinib and larotrectinib. Because of key differences in the respective
trial populations, larotrectinib could not be included in the economic evaluation of
entrectinib.

The introduction of entrectinib into clinical practice requires the introduction (/
expansion) of NTRK testing to identify eligible patients. We therefore included the testing
phase in the model, reflected by a decision tree. Various chance nodes were included
in the decision tree, including the probabilities of (re-)biopsies being needed and the
probability of patients dying by the end of the testing period. Patients who survive
the testing period subsequently enter a microsimulation model. The individual-level
state transition model includes the health states “alive and on treatment”, “alive and off
treatment”, and “dead”. Patients receive entrectinib if they tested NTRK-positive in the
decision tree and are treated with SoC if they tested NTRK-negative. In the comparator
group, patients do not receive testing (i.e. they skip the decision tree and go straight into
the microsimulation model) and are all given SoC.

Input data on the effectiveness of entrectinib for NTRK+ patients were obtained from
the entrectinib basket trials, in the form of overall survival (OS) and time-to-treatment
discontinuation (TTD). Because of the small sample size of the entrectinib trials and
the resulting lack of reliable tumour-specific estimates, we had to assume that the
effectiveness of entrectinib was constant across tumour types. Nonetheless, for the
comparator arm (SoC) we estimated tumour-specific effectiveness. The HMF database
was used to estimate OS and TTD for NTRK- patients receiving SoC. To calculate
outcomes for NTRK+ patients receiving SoC, the estimated HR of 1.44 (Chapter 4) was
applied to the OS and TTD estimates for NTRK- patients. We also obtained tumour-
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specific cost estimates for both testing and SoC treatments. Finally, based on previous
research findings that the quality of life decreases as patients approach death, we
incorporated (age- and sex-specific) patient utility in our model as a function of time
to death.

The results show that the testing for NTRK fusions among patients with advanced cancer
and subsequent treatment with entrectinib in NTRK+ patients and SoC in NTRK- patients
is associated with a QALY gain of 0.0043 at an increased cost of €732 per patient as
compared with no testing and SoC for all patients. The incremental cost-effectiveness
ratio (ICER) is€169,957/QALY, far above the Dutch (severity-based) threshold of €80,000/
QALY. Probabilistic sensitivity analysis suggests that the implementation of NTRK-testing
and treatment has a 0.2% chance of being cost-effective. In a scenario analysis that
focuses only on the population of NTRK+ patients and excludes the costs and health
effects associated with NTRK testing, the ICER drops steeply to €38,563/QALY. This
illustrates that the consequences of neglecting the introduction of further testing as part
of the decision problem may be substantial. It also suggests that the cost-effectiveness
of TRK inhibitors may improve if genetic testing becomes more widespread in cancer
care and the cost per genetic test decreases.

We present a single ICER in this study, implying an all-or-nothing decision regarding the
reimbursement of entrectinib for NTRK+ patients. However, it might be more appropriate
to differentiate between tumour types, for example because of heterogeneity in the
(relative) treatment effect and incremental costs. That is, even when histology-
independent therapies receive marketing authorisation for all histologies, reimbursement
might be warranted only for a subset of histologies.

Chapter 6: Cost-effectiveness of alternative NTRK-testing strategies in
three countries

In Chapter 5, the focus was on the Netherlands, and the modelled testing pathway was
based on the testing protocol suggested in a consensus report by Dutch experts. In
Chapter 6, the scope of the analysis is expanded to also include Hungary and the UK.
Furthermore, the cost-effectiveness of four different testing strategies is compared. A
“no testing” strategy is also considered.

Alltesting strategies include next generation sequencing panels used to screen tumour
ribonucleic acid (RNA-NGS) for NTRK fusions and/or immunohistochemistry (IHC) tests
to assess TRK protein expression. RNA-NGS tests can detect oncogenic NTRK fusions
with high sensitivity and specificity. However, RNA-NGS tends to be expensive. IHC tests
are generally more affordable than RNA-NGS tests, but also less accurate. The following
testing strategies were included: (1) IHC test for all tumour types, (2) RNA-NGS test for
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all tumour types, (3) IHC test followed by RNA-NGS in patients with a positive IHC test
result for all tumour types, and (4) Stratified test strategies. Strategy 4 uses RNA-NGS
tests (without preceding IHC tests) for patients with tumour types with high NTRK fusion
prevalence (>90%) or wild-type TRK protein expression. All other patients in strategy 4
are subject to the sequential testing protocol used in strategy 3.

We applied the perspective, discount rate(s), and threshold value recommended by the
respective HTA guidelines of England, Hungary, and the Netherlands. Country-specific
values for the input parameters were used as much as possible. These included country-
specific waiting times for the various stages of the testing phase and country-specific
costs for biopsies, tests, entrectinib, and SoC pharmaceuticals.

The results show the same ranking of strategies for all countries, both in terms of ICERs
and ANMB. The No testing strategy renders the lowest costs and lowest amount of QALYs,
while RNA-NGS for all (Strat. 2) has the highest costs and QALYs. For all countries, the IHC
then RNA-NGS (Strat. 3) option has the highest ANMB. The strategy results in less QALYs
than Stratified (Strat. 4) and RNA-NGS for all, caused by a higher number of unidentified
NTRK+ patients (i.e. those with a false-negative IHC test result) not receiving entrectinib
treatment. Yet the issue of false negatives appears to be offset by the cost-savings from
performing RNA-NGS for a smaller group of patients (i.e. only those who receive a positive
IHC result first).

However, all estimated ICERs (int€ 89,196 for England, int€ 138,135 for Hungary, and
int€ 142,663 for the Netherlands) are above national cost-effectiveness thresholds and
all estimated ANMB values are negative. When focussing only on the NTRK+ population
(i.e. assuming that no additional testing is needed to establish eligibility for entrectinib
treatment), ANMB turns positive in the Netherlands and in the UK. This suggests that
there is some potential for entrectinib to become cost-effective in the Netherlands
and the UK. Nonetheless, even in a future with more widespread genetic testing, the
assumption that no additional testing is needed to establish entrectinib eligibility may
not hold. This is because RNA-based testing (as opposed to DNA-based testing) may be
needed to identify functional NTRK gene fusions and/or because the genetic profile of
tumours may change over time, meaning multiple tests are needed overtime. In Hungary
the ANMB of entrectinib remains (deeply) negative in the subgroup analysis of NTRK+
patients. This may mean that expensive targeted treatments like entrectinib bring limited
value in lower-income countries, and more cost-effective healthcare may have to be
prioritised first.
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Chapter 7: General discussion

Chapter 7 provides a summary of the main findings. Based on Chapters 1 and 2, it is
suggested that “personalised medicine” may be too broad a term and that using more
modest, specific terms, such as “stratified medicine” and “genomic medicine” may
lead to more realistic expectations regarding the value of innovative treatments. It is
also explained how the different methodological recommendations of Chapter 3 are
addressed in the economic model for NTRK testing and treatment that is described in
Chapters 4-6.

Various recommendations are given for a (more) successful implementation of PM, as
outlined below:

Stricter requirements ought to be set for clinical evidence submitted to marketing
authorisation agencies and reimbursement agencies. There also need to be stricter
requirements regarding follow-up studies to be conducted in cases where the original
evidenceis limited. Standardised procedures should be developed to ensure that clinical
guidelines and reimbursement status are updated if follow-up studies show insufficient
treatment effectiveness or severe side effects. More widespread collection of clinical
and genomic registry data may be needed. National HTA guidelines may have to be
updated with additional guidance on the modelling of testing pathways, to ensure testing
pathways are consistently included and modelled across reimbursement dossiers. More
research funding and policy measures are needed to ensure that the implementation of
PM does not exacerbate existing health inequalities. The issue of unequal referral rates to
genetic testing needs to be addressed, and patient populations both in clinical trials and
in registry data need to be more representative of real-life patient populations. Measures
are needed to ensure that areas of technological innovation better align with areas of
high unmet clinical need. Measures are also needed to temper prices for (oncology) drugs
with limited health benefit. And finally, policymakers, research funders, and researchers
alike are encouraged to exercise caution around the topic of personalised medicine. Not
all PM interventions offer added value to the healthcare system and society at large.
So far, the field of PM has also had little attention for primary prevention, despite a
huge potential for health gains through improved (targeting and tailoring of) primary
prevention. Let us keep our eyes on the prize and only allocate resources to interventions
and areas of innovation and implementation that are likely to offer (sizeable) added value.
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Samenvatting
In dit proefschrift wordt een gezondheidseconomisch perspectief toegepast op het
fenomeen personalised medicine, ofwel gepersonaliseerde geneeskunde.

Hoofdstuk 1: Algemene introductie

In hoofdstuk 1 werpen we een blik op de oorsprong en definitie van het concept
‘sepersonaliseerde geneeskunde’. De term verscheen voor het eerst in 1999. De Wall
Street Journal schreef toen over een onderzoeksproject dat tot doel had om gerichte
geneesmiddelen te ontwikkelen “voor elk uniek genetisch profiel”. In de loop van
de tijd breidde de oorspronkelijke focus van gepersonaliseerde geneeskunde op
geneesmiddelen en op genetische profielen zich uit. De term raakte verbonden met het
meer algemene idee dat de gezondheidszorg (meer) moet worden toegespitst op onze
individuele kenmerken. Tegelijkertijd ontstond er discussie over de exacte betekenis van
‘gepersonaliseerde geneeskunde’. Filosofen De Grandis en Halgunset betoogden dat de
term meer een verzameling van visies op de toekomst van de gezondheidszorg beschrijft
dan een bestaande realiteit. Ze suggereren dat de betekenis van gepersonaliseerde
geneeskunde daarom veranderlijk is en in de loop van de tijd aangepast kan worden,
afhankelijk van welke technologieén worden gerealiseerd en politieke ontwikkelingen
zoals ‘wie erbij betrokken raakt’, ‘wie betaalt en waarvoor’. Op basis van een systematisch
literatuuronderzoek naar de verschillende toepassingen van de term ‘gepersonaliseerde
geneeskunde’ door Schleidgen et al., en om de tot nu toe beschikbare technologieén zo
goed mogelijk weer te geven, nemen we voor dit proefschrift de volgende definitie van
gepersonaliseerde geneeskunde aan:

een medisch model dat de therapeutische keuze baseert op het resultaat van
gen-profilering of tot doel heeft pathogene gen-mutaties te corrigeren

Verder worden in hoofdstuk 1 belangrijke concepten en methoden binnen de
gezondheidseconomie uitgelegd. Gezondheidseconomie, en in het bijzonder
het deelgebied van health technology assessment (HTA), wordt gebruikt om
gezondheidstechnologieén te beoordelen. De eigenschappen en effecten van
verschillende technologieén, ook wel ‘interventies” genoemd, worden geévalueerd,
waarbij steeds dezelfde methodologische aanpak en dezelfde criteria worden gebruikt.
Op deze manier wordt inzicht verkregen in de prijs-kwaliteitverhouding die verschillende
zorginterventies ten opzichte van elkaar bieden. Hiermee kan besluitvorming over de
verdeling van middelen ondersteund worden.

De belangrijkste doelstellingen van dit proefschrift zijn als volgt: het verschaffen
van inzicht in de toegevoegde waarde van gepersonaliseerde geneeskunde, en het
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onderzoeken van methodologische uitdagingen bij het evalueren van gepersonaliseerde
geneeskunde. Als casestudie voeren we een kosteneffectiviteitsanalyse uit van een
interventie die gerekend wordt tot de gepersonaliseerde geneeskunde.

Hoofdstuk 2: De netto baten van gepersonaliseerde geneeskunde

Het onderwerp ‘gepersonaliseerde geneeskunde’ (GG) is omgeven door hoopvolle
verwachting. Een betere afstemming van de gezondheidszorg op ieder individu kan dan
ook veel positieve gevolgen hebben - zoals een hogere effectiviteit van behandelingen,
minder bijwerkingen van geneesmiddelen en verbeterde ziektepreventie -, wat
vervolgens kan leiden tot een langere levensduur, hogere kwaliteit van leven, en/of een
vermindering van onnodige uitgaven in de gezondheidszorg. Er zijn echter ook zorgen
over de potentieel hoge kosten van (de implementatie van) GG. Aan sommige GG-
interventies die de afgelopen jaren op de markt zijn gekomen, zijn hoge prijskaartjes
verbonden. Ook een bredere implementatie van gen-testen in de klinische praktijk is
mogelijk behoorlijk duur.

In hoofdstuk 2 wordt een onderzoek gepresenteerd naar de toegevoegde waarde, of
de netto baten, van GG. We voerden een systematisch literatuuronderzoek uit naar
economische evaluaties van GG-interventies. Voor alle paarsgewijze vergelijkingen
tussen GG-interventies en niet-GG-interventies die werden geidentificeerd, werden
de incrementele kosten (Akosten) en gezondheidseffecten (AQALY) vastgelegd en
gebruikt om de incrementele netto monetaire baten (ANMB) te berekenen. Om te
onderzoeken of bepaalde typen GG mogelijk meer voordeel bieden dan andere, voerden
we regressieanalyses uit met Akosten, AQALY en ANMB als afhankelijke variabelen en
verschillende interventiekenmerken als onafhankelijke variabelen. Random intercepts
werden gebruikt om de verschillende studies te clusteren op basis van land.

Van de 4.774 beoordeelde studies voldeden er 128 aan de inclusiecriteria, wat
kosteneffectiviteitsresultaten opleverde voor 279 GG-interventies. De meeste
studies betroffen de Verenigde Staten (48%) en het Verenigd Koninkrijk (16%). We
vonden geen economische evaluaties van GG-interventies voor lage- of lagere-
middeninkomenslanden. Kankerbehandelingen (60%) en farmaceutische interventies
(72%) kwamen frequent voor. Ongeveer 32% van de studies bleek enige vorm van
sponsoring van de farmaceutische industrie te hebben.

De mediane gezondheidswinst van GG-interventies bleek 0,03 quality-adjusted life year
(QALY) per patiént te bedragen, of ongeveer 11 (voor-kwaliteit-van-leven-gecorrigeerde)
dagen. Gemiddeld genomen lijken de gezondheidswinsten van GG daarmee bescheiden.
Ook tonen de resultaten aan dat de ANMB van GG-interventies rond nul ligt, met een
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mediaan van 18 internationale dollar (Int$). Dit impliceert dat de gezondheidswinsten
van GG-interventies doorgaans worden vergezeld door even grote kostenstijgingen.

Tegelijkertijd zijn er grote verschillen in de uitkomsten, met een ANMB zo hoog als Int$
21.615 op het 95e percentiel en ANMB zo laag als Int$ -91.832 op het 5e percentiel. Uit
de regressieanalyse komt naar voren dat gentherapieén een aparte subcategorie van
GG vormen. Gentherapieén zijn geassocieerd met (veel) grotere gezondheidsvoordelen,
hogere kosten en een lagere ANMB dan andere GG-interventies. Dit suggereert dat
gentherapieén het potentieel hebben om grote gezondheidswinsten te bieden, maar bij
de huidige prijsstelling doorgaans een nettoverlies voor het zorgsysteem opleveren. Het
aantal gentherapieén in onze analyse was echter beperkt en de bevindingen zijn onzeker.

De regressieanalyse suggereert ook dat GG-interventies gericht op het voorkomen van
bijwerkingen gemiddeld een hogere ANMB hebben. Anderzijds lijken GG-interventies
die zich richten op de identificatie (en behandeling) van patiénten die waarschijnlijk op
de behandeling zullen reageren doorgaans een lagere ANMB te hebben. Een mogelijke
verklaring hiervooris dat bij veel van de interventies in de eerste categorie sprake is van
bestaande behandelingen (zonder actief patent), terwijl veel interventies in de laatste
categorie patiénten stratificeren naar nieuw ontwikkelde behandelingen. Tot nu toe ligt
de focus van GG op het ontwikkelen van nieuwe behandelingen voor nieuwe subgroepen
van patiénten, maar verder onderzoek (en de implementatie ervan) om de bestaande
zorg beter te stratificeren is mogelijk waardevol.

Tot slot, ondanks de algemene tendens van GG-interventies naar een ANMB van nul,
hebben we ook verschillende interventies met (zeer) negatieve ANMB geidentificeerd. Er
kan nationaal en internationaal prijsbeleid nodig zijn om de kosten van deze interventies
terug te dringen, om te voorkomen dat zorgsystemen een nettoverlies ondervinden bij
de implementatie van de interventies.

Hoofdstuk 3: Leidraad voor de harmonisatie en verbetering van
economische evaluaties van gepersonaliseerde geneeskunde

Sommigen menen dat gepersonaliseerde geneeskunde zodanig anders is dan andere
vormen van geneeskunde, dat de bestaande HTA-methoden ontoereikend zijn voor
het beoordelen van de kosteneffectiviteit van GG-interventies. Om hier meer inzicht
in te krijgen, hebben we de methodologische uitdagingen die GG met zich mee kan
brengen onderzocht. Hoofdstuk 3 biedt een overzicht van de mogelijke uitdagingen en
aanbevelingen over hoe om te gaan met deze uitdagingen.

We voerden een pragmatisch literatuuronderzoek uit en hielden interviews met
18 experts voor een eerste overzicht van mogelijke methodologische uitdagingen
en manieren om deze aan te pakken. Het systematische literatuuronderzoek naar
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economische evaluaties van GG (hoofdstuk 2) werd ook gebruikt om te bekijken
welke methodologische benaderingen tot nu toe zijn gebruikt. Nadat een eerste set
aanbevelingen was opgesteld, zijn deze in een workshop met zo’'n dertig stakeholders
besproken en vervolgens aangepast. De uiteindelijke leidraad bevatte 23 aanbevelingen.

Enkele van de studies die we vonden stellen dat aanpassingen aan de standaard HTA-
methoden nodig kunnen zijn voor GG-interventies. Veel van de deskundigen die we
interviewden gaven echter aan dat GG onderworpen zou moeten zijn aan hetzelfde
methodologische raamwerk als andere interventies, om consistentie en vergelijkbaarheid
te garanderen. De eerste twee aanbevelingen van de leidraad weerspiegelen dit
sentiment. Het gebruik van het standaard perspectief (Aanbeveling 1) en de standaard
disconteringsvoet(en) (Aanbeveling 2) zoals aangegeven in de nationale HTA-richtlijnen
wordt aangemoedigd, zowel voor GG- als voor niet-GG-interventies.

Het (genetisch) testen van patiénten en de daaropvolgende stratificatie naar
verschillende behandelingen speelt een centrale rol bij GG. Toch gaan tot nu toe
veel gezondheidseconomische modellen uit van het moment dat patiénten met de
behandeling beginnen (d.w.z. nadat eventuele tests zijn afgerond). Om de (klinische)
realiteit beter weer te geven, pleit de leidraad voor het opnemen van de testperiode in
economische evaluaties van GG. Er worden acht aanbevelingen gedaan voor het accuraat
modelleren van test-behandelingstrajecten.

Verschillende technologieén kunnen gebruikt worden voor genetische profilering en tests
kunnen worden toegepast op verschillende momenten en in wisselende combinaties.
Daarom wordt modelleurs aangeraden om niet slechts één van de beschikbare testopties
overwegen. In plaats daarvan dienen alle relevante test-behandelingstrajecten te
worden geidentificeerd en moet worden onderbouwd waarom de in het model
opgenomen opties zijn geselecteerd (Aanbeveling 3). We benadrukken verder dat er,
om een zo goed mogelijk beeld te krijgen van de klinische realiteit, bij het bepalen van
de kosten en gezondheidseffecten van testen rekening moet worden gehouden met
alle patiénten die de tests ondergaan, inclusief patiénten die fout-positieve of (fout-)
negatieve testresultaten krijgen (Aanbeveling 4). De implementatie van een test op
erfelijke aandoeningen kan betekenen dat familieleden van de initiéle patiénten met
een positieve uitslag (de “indexpatiénten”) ook in aanmerking komen voor de test. Bij
een economische evaluatie voor indexpatiénten wordt daarom aangeraden om de
kosten en gezondheidseffecten van het testen van eventuele familieleden ook mee
te nemen (Aanbeveling 10). Andere onderwerpen die overwogen dienen te worden
zijn: de relevantie van de beschikbare data over diagnostische nauwkeurigheid voor
de betreffende patiéntenpopulatie (Aanbeveling 5); het effect van verschillende
mogelijke drempelwaarden voor de testresultaten op de kosteneffectiviteitsuitkomsten
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(Aanbeveling 6); mogelijke onderlinge samenhang tussen testresultaten wanneer
meerdere tests worden gebruikt (Aanbeveling 7); morbiditeit/sterfte als gevolg van
wachttijden in verband met de testprocedure (Aanbeveling 8); en mogelijke variatie in
testkosten tussen laboratoria (Aanbeveling 9).

Hoe meer patiénten in specifieke subgroepen worden ingedeeld, hoe kleiner de
steekproefomvang van elke patiéntenpopulatie wordt. De grote randomised controlled
trials (RCT’s) die de afgelopen decennia zijn gebruikt om de relatieve effectiviteit van
interventies te meten, zijn daarom mogelijk niet altijd haalbaar bij GG. Steeds regelmatiger
lijken aanvragen voor markttoetreding en vergoeding van geneesmiddelen te worden
ingediend zonder RCT-bewijs. Echter, bij een deel van de niet-RCT-dossiers die tot nu
toe zijn ingediend bij toezichthouders zoals het European Medicines Agency (EMA) en
de Amerikaanse Food and Drug Administration (FDA) zijn er twijfels of het ontbreken
van RCT-bewijs inderdaad gerechtvaardigd was. Ook zijn er zorgen over de gevolgen
van het op de markt brengen van interventies op basis van beperkt klinisch bewijs,
waaronder mogelijke gezondheidsschade voor patiénten en een suboptimale verdeling
van beschikbare middelen. Wij moedigen daarom aan dat modelleurs effectiviteitsdata
gebruiken uit studies met twee (of meer) alternatieve behandelstrategieén (Aanbeveling
11). Tegelijkertijd hebben degenen die de kosteneffectiviteit van interventies evalueren
vaak geen controle over de beschikbare effectiviteitsdata. Daarom biedt de leidraad
verschillende aanbevelingen om de kwaliteit van effectiviteitsschattingen zoveel mogelijk
tewaarborgen. Zo zijn er aanbevelingen die aandringen op transparantie over aannames
en databronnen, zowel bij het gebruik van surrogaatuitkomsten om de uiteindelijke
uitkomsten te schatten (Aanbeveling 12) als bij het schatten van het verband tussen
genetische markers en klinische uitkomsten (Aanbeveling 15). Als een externe databron
wordt gebruikt om de effectiviteit van andere mogelijke behandelingen (comparators)
te schatten, moeten modelleurs rekening houden met mogelijke veranderingen in de
effectiviteit van de comparatorbehandelingen sinds de studies ernaar plaatsvonden
(Aanbeveling 13) en met de prevalentie van relevante genetische markers in de
interventie- versus comparatorpopulaties (Aanbeveling 14). Verder biedt de leidraad
aanbevelingen ter verbetering van de extrapolatie van de korte-termijngegevens uit
klinische onderzoeken naar gezondheidsuitkomsten op de lange termijn. Modelleurs
worden aangemoedigd om naast de statistische fit ook de mening van deskundigen
te gebruiken bij het kiezen van een overlevingsmodel (Aanbeveling 16) en om rekening
te houden met eventuele oversterfte (vergeleken met de algemene bevolking) onder
langdurige overlevenden van een ziekte (Aanbeveling 17).

In 2018 werd een rapport uitgebracht door de ISPOR Value Assessment Framework
Special Task Force, waarin werd betoogd dat de QALY onvoldoende de waarde van
gezondheidsinterventies weerspiegelt. Het rapport noemde verschillende ‘aanvullende
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waarde-elementen’, waaronder de waarde van weten (value of knowing), angst voor
besmetting (fear of contagion), verzekeringswaarde (insurance value), waarde van hoop
(value of hope), reéle optiewaarde (real option value), ernst van de ziekte (disease severity),
rechtvaardigheid (equity) en wetenschappelijke neveneffecten (scientific spillovers). Er
is door sommigen betoogd dat zulke aanvullende waarde-elementen in het bijzonder
relevant zijn voor GG. Er zijn echter verschillende kanttekeningen te plaatsen bij de
voorgestelde lijst met waarde-elementen. Zo zijn veel van de waarde-elementen
conceptueel onduidelijk en is er mogelijk overlap tussen de verschillende waarde-
elementen. Ook is er een eenzijdige focus op positieve elementen van waarde, en wordt
ervoorbijgegaan aan het verschil tussen individuele voorkeuren enerzijds en het bepalen
van maatschappelijke prioriteiten anderzijds. De leidraad ontmoedigt daarom het
opnemen van waarde-elementen anders dan de elementen die worden aanbevolen in
nationale HTA-richtlijnen. Mochten aanvullende waarde-elementen worden opgenomen
in een gevoeligheidsanalyse, dan dienen mogelijke elementen met een negatieve waarde
ook te worden overwogen (Aanbeveling 18).

De therapietrouw van patiénten en artsen in de klinische praktijk kan behoorlijk
verschillen van de geoptimaliseerde omstandigheden in klinische trials. Dit geldt in
het bijzonder als er ook genetische tests nodig zijn. Er kan bijvoorbeeld sprake zijn van
wantrouwen bij patiénten tegenover genetische tests. Of de acceptatie onder artsen
wordt belemmerd door de complexiteit van het interpreteren van testresultaten.
De leidraad stelt daarom dat, als er inzicht nodig is in de kosteneffectiviteit van een
interventie onder realistische omstandigheden, therapietrouw-parameters moeten
worden opgenomen in de economische evaluatie (Aanbeveling 19). Uit eerder onderzoek
is gebleken dat niet-witte patiénten en patiénten met een lagere sociaaleconomische
status minder vaak worden doorverwezen voor genetisch onderzoek. We raden
modelleurs daarom ook aan rekening te houden met mogelijke variatie in naleving
afhankelijk van de maatschappelijke groep (Aanbeveling 20).

Grote onzekerheid wordt vaak genoemd als een belangrijke uitdaging bij GG. Zowel
parameteronzekerheid (d.w.z. onzekerheid over hoe dicht de geschatte waarden voor
modelparameters de daadwerkelijke waarden benaderen) als structurele onzekerheid
(d.w.z. onzekerheid of de modelaannames en geselecteerde methoden geschikt zijn)
doen zich voor. Parameteronzekerheid kan bij GG bijvoorbeeld worden veroorzaakt
door de onduidelijke causale status tussen genetische markers en klinische uitkomsten.
Structurele onzekerheid kan ontstaan vanwege complexe testprocedures met veel
mogelijke test-behandelingsroutes, of omdat er tussen verschillende methodologische
opties gekozen moet worden bij het schatten van uitkomsten op basis van beperkte
data. De leidraad stelt dat wanneer de input van deskundigen wordt gebruikt om
parameterwaarden te schatten, de onzekerheid in het deskundigenoordeel moet
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worden weergegeven (Aanbeveling 21). Dit kan door de input van de deskundigen te
synthetiseren in een waarschijnlijkheidsverdeling. Modelleurs worden ook aangemoedigd
om de onzekerheden in structurele aannames en beslissingen te identificeren en
de impact op de kosteneffectiviteitsresultaten te onderzoeken door middel van
een gevoeligheidsanalyse, idealiter door de structurele aspecten te parametriseren
(Aanbeveling 22).

Soms is de onzekerheid zodanig groot dat er geen besluit kan worden genomen over
de vergoedingsstatus van een interventie (bijvoorbeeld wel of geen opname in het
basispakket). In zulke gevallen kan er een overeenkomst voor voorwaardelijke toelating
worden afgesloten tussen de leverancier en de zorgbetaler. Er bestaan verschillende
soorten toelatingsovereenkomsten (bijvoorbeeld betaling op basis van resultaat,
prijs-volumeafspraken etc.), waarin een breed scala aan voorwaarden kan worden
opgenomen. Gezondheidseconomische modellen kunnen worden gebruikt om de
voorwaarden van een toelatingsovereenkomst te optimaliseren. In de leidraad wordt
daarom gesteld dat als voorwaardelijke toelating wordt overwogen voor een interventie,
de toelatingsvoorwaarden kunnen worden opgenomen in het model waarmee de
interventie wordt geévalueerd (Aanbeveling 23).

Hoofdstuk 4: Prognostische waarde van de NTRK-fusie biomarker in
Nederland

In hoofdstukken 4-6 voeren we een casestudie uit, waarbij we de methodologische
leidraad uit hoofdstuk 3 toepassen op een voorbeeld van een GG-interventie: het testen
op oncogene neurotrofe tyrosinereceptorkinase (NTRK) genfusies bij kankerpatiénten
en vervolgens het geven van de tumor-agnostische behandeling entrectinib aan mensen
met een positief testresultaat.

NTRK-fusies zijn het resultaat van chromosomale herschikkingen die een combinatie
opleveren van het 3’-gebied van een NTRK-gen en het 5’-gebied van een fusiepartnergen.
Dergelijke fusies kunnen leiden tot TRK-fusie-eiwitten met constitutieve kinase-
activiteit, wat kan resulteren in tumorgroei. Entrectinib is een remmer van de drie meest
voorkomende typen TRK-eiwit: TRKA, TRKB en TRKC (respectievelijk gecodeerd door
het NTRK1-, NTRK2- en NTRK3-gen). Een gepoolde analyse van drie fase I/ll-trials voor
entrectinib liet positieve resultaten zien. Echter, de studies waren enkelarmig, waardoor
de relatieve effectiviteit van entrectinib ten opzichte van andere behandelopties
onduidelijk is. Om toch een schatting te kunnen maken, maken we in onze casestudie
gebruik van effectiviteitsdata uit een externe databron. Een uitdaging hierbij is dat de
onderzoekspopulatie in de entrectinib studies bestond uit patiénten met tumoren met
NTRK-genfusies (“NTRK-positief”), terwijl de beschikbare externe data voornamelijk
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patiénten zonder dergelijke tumoren (“NTRK-negatief”) bevatten. Om voor dit verschil te
kunnen corrigeren, hebben we de prognostische waarde van de NTRK-genfusie geschat.

We gebruikten de Hartwig Medical Foundation (HMF) database voor een steekproef
van kankerpatiénten uit de Nederlandse klinische praktijk. De HMF-database bevat
zowel genetische als klinische data. Een subset van de database, die werd verzameld
via de Center for Personalised Cancer Treatment (CPCT-02) studie, bevat whole-genome
sequencing (WGS)-data over het tumor-DNA van duizenden patiénten verspreid over 44
ziekenhuizen in Nederland. Voor onze analyse bekeken we bij de patiénten uit het CPCT-
02-cohort de genetische markers in het tumor-DNA en een aantal klinische variabelen.

De patiénten werden ingedeeld in twee cohorten: NTRK-positief en NTRK-negatief.
Patiénten met NTRK-fusies in het tumor-DNA die “waarschijnlijk functioneel” werden
geacht (d.w.z. leidend tot de expressie van TRK-fusie-eiwitten) werden opgenomen in het
NTRK-positieve cohort. Patiénten zonder NTRK-fusies in het tumor-DNA, of met NTRK-
fusies die niet voldeden aan de voorwaarden voor waarschijnlijke functionaliteit, kwamen
terechtin het NTRK-negatieve cohort. We voerden een propensity score matching-analyse
uit om de groep van NTRK-positieve patiénten te koppelen een vergelijkbare subgroep
van NTRK-negatieve patiénten. Hierbij werd een 1:4 matching ratio aangehouden. Binnen
elk tumortype werden patiénten gematcht op de variabelen ‘leeftijd’, ‘geslacht’, jaar van
biopsie’ en ‘aantal eerdere behandellijnen’. Vervolgens vergeleken we de overleving van
NTRK-positieve en NTRK-negatieve patiénten met behulp van de Kaplan-Meier-methode.

Onder de 3.556 patiénten uit de CPCT-02-studie met bekende tumorlocatie waren 24
NTRK-positieve patiénten. Bij de NTRK-positieve patiénten komen negen verschillende
tumortypen voor: bot/zacht weefsel, borst, colorectaal, hoofd en nek, long, pancreas,
prostaat, huid en urinewegen. NTRK-fusies waarbij het NTRK3-gen (46%) en het NTRK1-
gen (33%) betrokken waren, komen het meest voor.

In de overlevingsanalyse (survival analysis) vonden we een hazardratio (HR) van 1,44
(95% BI 0,81-2,55) voor NTRK-positieve patiénten. Het 95%-betrouwbaarheidsinterval
bevat ook waarden kleiner dan 1, wat betekent dat de geschatte puntwaarde statistisch
niet-significant is. Niettemin leverden drie eerdere onderzoeken (in net andere settings)
vergelijkbare schattingen op, wat het aannemelijk maakt dat NTRK-positieve patiénten
inderdaad een slechtere prognose hebben dan NTRK-negatieve patiénten. We voerden
ook een gevoeligheidsanalyse uit waarbij NTRK-positieve patiénten werden uitgesloten
als er naast een NTRK-genfusie nog andere oncogene genetische markers waren
gevonden in het tumor-DNA. Deze analyse laat een lagere HR zien dan de hoofdanalyse
(1,20; 95% BI 0,61-2,36). Dit suggereert dat de hoofdanalyse mogelijk de prognostische
waarde van de NTRK-genfusie an sich overschat.
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Een belangrijke beperking van het onderzoek is dat we één enkele HR-waarde hebben
geschat voor alle NTRK-positieve patiénten, terwijl eerdere onderzoeken suggereren
dat er mogelijk heterogeniteit bestaat tussen verschillende tumortypen wat betreft
de prognostische waarde van NTRK-genfusies. We hadden weinig andere keus omdat
er slechts 24 NTRK-positieve patiénten in de database bleken te zitten, maar toch is
voorzichtigheid geboden bij het gebruik van de resultaten van dit onderzoek (en die van
de drie eerdere onderzoeken).

Hoofdstuk 5: Kosteneffectiviteitsanalyse van de behandeling van
patiénten met NTRK-positieve kanker met de tumor-agnostische
therapie entrectinib

Entrectinib en collega-TRK-remmer larotrectinib kwamen op de markt als de eerste twee
moleculair gerichte therapieén met een tumor-agnostisch label (ook wel “pan-tumor
indicatie” genoemd). Tumor-agnostische therapieén kunnen worden voorgeschreven
ongeacht de histologie van de tumor, een benadering die niet eerder werd gebruikt bij de
kankergeneesmiddelen. In hoofdstuk 5 presenteren we een kosteneffectiviteitsanalyse
van de behandeling van NTRK-positieve patiénten met entrectinib. De interventie is
als volgt gedefinieerd: NTRK-genfusietesten voor alle patiénten met lokaal gevorderde
of gemetastaseerde solide tumoren, gevolgd door behandeling met entrectinib
bij NTRK-positieve patiénten en standaardbehandeling (SB) bij NTRK-negatieve
patiénten. In de vergelijkingsarm krijgen alle patiénten SB en wordt er geen NTRK-
test uitgevoerd. Larotrectinib zou idealiter als een comparator zijn opgenomen. Er
zijn echter voor zowel entrectinib als larotrectinib alleen enkelarmige onderzoeken
uitgevoerd, wat het combineren van databronnen bemoeilijkt. De verschillen tussen de
onderzoekspopulaties van de larotrectinib studies en de entrectinib studies zijn zodanig
groot dat larotrectinib niet kon worden opgenomen in de economische evaluatie van
entrectinib.

De introductie van entrectinib in de klinische praktijk vereist de introductie (/uitbreiding)
van NTRK-testen om geschikte patiénten te identificeren. Daarom hebben we de
testfase in het model opgenomen, weergegeven met behulp van een beslisboom. In de
beslisboom zitten verschillende kansknooppunten, waaronder de waarschijnlijkheid
dat (her)biopten nodig zijn en de waarschijnlijkheid dat patiénten overlijden tijdens
de testperiode. Patiénten die de testperiode overleefden, komen vervolgens in een
patiéntsimulatiemodel terecht. Het simulatiemodel omvat de gezondheidstoestanden
‘levend en onder behandeling, ‘levend en niet onder behandeling’ en ‘dood’. Patiénten
krijgen entrectinib als ze NTRK-positief zijn getest in de beslisboom en worden behandeld
met SB als ze NTRK-negatief zijn getest. In de vergelijkingsarm worden de patiénten
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niet getest (d.w.z. ze slaan de beslissingsboom over en gaan rechtstreeks naar het
patiéntsimulatiemodel) en krijgen allemaal SB.

Uit de entrectinib-trials werden data verkregen over de effectiviteit van entrectinib
bij NTRK-positieve patiénten. Het betreft data over de totale overleving, ofwel overall
survival (0S), en de tijd tot stopzetting van de behandeling, ofwel time to treatment
discontinution (TTD). De steekproefomvang in de entrectinib-trials was klein. Door
het daaruit voortvloeiende gebrek aan betrouwbare tumor-specifieke schattingen,
hebben we moeten aannemen dat de effectiviteit van entrectinib constant is voor
alle tumortypen. Voor de vergelijkingsarm, SB, konden we wel de tumor-specifieke
effectiviteit schatten. We gebruikten de HMF-database om OS en TTD te schatten
voor NTRK-negatieve patiénten die SB ontvangen. Om vervolgens de uitkomsten te
berekenen voor NTRK-positieve patiénten die SB krijgen, werd de geschatte HRvan 1,44
(hoofdstuk 4) toegepast op de OS- en TTD-schattingen voor NTRK-negatieve patiénten.
Verder verzamelden we voor zowel de relevante testen als voor de SB-behandelingen
tumor-specifieke kostenschattingen. Ten slotte hebben we, naar aanleiding van eerder
onderzoek dat toonde dat de kwaliteit van leven afneemt naarmate patiénten de dood
naderen, patiéntutiliteit (patient utility) in ons model opgenomen als een functie van
de tijd tot aan overlijden. Hierbij hebben we gebruik gemaakt van geslacht- en leeftijd-
specifieke schattingen van patiéntutiliteit.

De resultaten laten zien dat het testen op NTRK-fusies bij patiénten met gevorderde
kanker en vervolgens behandelen met entrectinib bij NTRK-positieve patiénten en SB bij
NTRK-negatieve patiénten geassocieerd is met een gezondheidswinst van 0,0043 QALY en
een kostenstijging van €732 per patiént ten opzichte van de vergelijkingsarm (geen testen
en SB voor alle patiénten). De incrementele kosteneffectiviteitsratio (ICER) bedraagt
€169.957/QALY, ver boven de Nederlandse (op ziektelast gebaseerde) drempelwaarde
van €80.000/QALY. Probabilistische gevoeligheidsanalyse liet zien dat de implementatie
van NTRK-testen en -behandeling een kans van 0,2% heeft om kosteneffectief te zijn.
In een scenarioanalyse die zich uitsluitend richtte op NTRK-positieve patiénten en
waarin de kosten en gezondheidseffecten geassocieerd met NTRK-testen niet werden
meegenomen, daalt de ICER naar € 38.563/QALY. Dit laat zien dat het weglaten van de
testfase uit het economisch model, waarmee een onvolledig beeld wordt geschetst van
het beslisprobleem, grote gevolgen kan hebben voor de geschatte kosteneffectiviteit. Het
suggereert ook dat de kosteneffectiviteit van TRK-remmers kan verbeteren als genetische
tests meer wijdverspreid worden in de kankerzorg en de kosten per genetische test
afnemen.

We presenteren in deze studie één enkele ICER, wat een alles-of-niets-beslissing
impliceert wat betreft de vergoeding van entrectinib voor NTRK-positieve patiénten.
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Mogelijk is het echter passender om onderscheid te maken tussen tumortypen,
bijvoorbeeld vanwege heterogeniteit in het (relatieve) behandeleffect en/of de
incrementele kosten. Dit kan betekenen dat hoewel markttoetreding is toegestaan
voor alle tumortypen, vergoeding door de zorgverzekeraar/zorgbetaler niet voor alle
tumortypen gerechtvaardigd kan worden.

Hoofdstuk 6: De kosteneffectiviteit van verschillende NTRK-
teststrategieén in drie landen

In hoofdstuk 5 ligt de focus op Nederland en is het gemodelleerde testtraject gebaseerd
op het testprotocol dat werd voorgesteld in een consensusrapport van Nederlandse
experts. In hoofdstuk 6 wordt de reikwijdte van de analyse uitgebreid naar Hongarije
en Groot-Brittannié. Bovendien wordt de kosteneffectiviteit van vier verschillende
teststrategieén vergeleken. Ook wordt er een ‘geen testen’-strategie overwogen.

Alle teststrategieén bevatten RNA-gebaseerde next-generation sequencing paneltesten
om te screenen op NTRK-fusies (RNA-NGS) en/of immunohistochemische (IHC)-tests
om de expressie van TRK-eiwitten te beoordelen. RNA-NGS-testen hebben een hoge
sensitiviteit en specificiteit. RNA-NGS is echter vaak duur. IHC-tests zijn over het
algemeen goedkoper dan RNA-NGS-tests, maar ook minder nauwkeurig. De volgende
teststrategieén zijn opgenomen: (1) IHC-test voor alle tumortypen, (2) RNA-NGS-test
voor alle tumortypen, (3) IHC-test gevolgd door RNA-NGS bij patiénten met een positief
IHC-testresultaat, voor alle tumortypen, en (4) gestratificeerde teststrategie. In strategie
4 ontvangen patiénten met tumortypen met een hoge NTRK-fusieprevalentie (>90%)
of wildtype TRK-eiwitexpressie rechtstreeks een RNA-NGS-test (zonder voorafgaande
IHC-test). Alle andere patiénten vallen onder het testprotocol dat ook in strategie 3 wordt
gebruikt.

We hebben het perspectief, de disconteringsvoet(en) en de drempelwaarde toegepast
die worden aanbevolen door de respectieve HTA-richtlijnen van Engeland, Hongarije en
Nederland. Voor de modelparameters zijn zoveel mogelijk land-specifieke invoerwaarden
gebruikt. Zo gebruikten we land-specifieke wachttijden voor de verschillende fasen
van de testperiode en land-specifieke kosten voor biopten, tests, entrectinib en SB-
geneesmiddelen.

De resultaten laten voor alle landen dezelfde ranking van strategieén zien, zowel wat
betreft ICER’s als ANMB. De geen test-strategie levert de laagste kosten en het laagste
aantal QALY’s per patiént op, terwijl RNA-NGS voor iedereen (strat. 2) voor de hoogste
kosten en grootste QALY-winst zorgt. In alle drie de landen heeft de IHC en vervolgens
RNA-NGS-optie (strat. 3) de hoogste ANMB. Deze strategie resulteert desondanks
in minder QALY’s dan strategieén gestratificeerd (strat. 4) en RNA-NGS voor iedereen.
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Dit wordt veroorzaakt door een groter aantal niet-geidentificeerde NTRK-positieve
patiénten (d.w.z. degenen met een fout-negatief IHC-testresultaat) die daardoor geen
behandeling met entrectinib krijgen. Het hogere aantal fout-negatieven lijkt te worden
gecompenseerd door kostenbesparingen doordat de dure RNA-NGS-testen voor een
kleinere groep patiénten worden toegepast (d.w.z. alleen degenen die eerst een positief
IHC-resultaat ontvangen).

Echter, alle geschatte ICER’s (int€ 89.196 voor Engeland, int€ 138.135 voor Hongarije
en int€ 142.663 voor Nederland) liggen boven de nationale drempelwaardes voor
kosteneffectiviteit en alle geschatte ANMB-waarden zijn negatief. In een scenarioanalyse
waarbij we ons uitsluitend richtten op de NTRK-positieve populatie (d.w.z. dat we
aannamen dat er geen aanvullende tests nodig zijn om vast te stellen of men in
aanmerking komt voor een behandeling met entrectinib), vinden we positieve ANMB-
waarden in Nederland en Engeland. Dit suggereert dat entrectinib potentie heeft
om kosteneffectief te worden in Nederland en Engeland. De aanname dat er geen
aanvullende testen nodig zijn om in aanmerking te kunnen komen voor entrectinib zal
in de praktijk echter niet vaak kloppen, zelfs in een toekomst waarin genetische testen
meer gemeengoed zijn. Dit komt 0.a. doordat voor het identificeren van functionele
NTRK-genfusies doorgaans RNA-gebaseerde testen nodig zijn, terwijl voor andere
genetische markers DNA-gebaseerde testen geschikter zijn. Ook kan het genetische
profiel van tumoren in de loop van de tijd veranderen, waardoor er meer dan eens
getest moet worden. In Hongarije blijft de ANMB van entrectinib (extreem) negatief in
de scenarioanalyse met enkel NTRK-positieve patiénten. Dit betekent mogelijk dat dure
precisiemiddelen zoals entrectinib beperkte waarde hebben in lagere-inkomenslanden
en dat de implementatie van meer kosteneffectieve gezondheidszorg eerst prioriteit
moet krijgen.

Hoofdstuk 7: Algemene discussie

Hoofdstuk 7 bevat een samenvatting van de belangrijkste bevindingen. Op basis van
de hoofdstukken 1 en 2 wordt benoemd dat ‘gepersonaliseerde geneeskunde” mogelijk
een te brede term is en dat het gebruik van meer bescheiden, specifieke termen zoals
‘gestratificeerde geneeskunde’ kan bijdragen aan realistischere verwachtingen over de
waarde van innovatieve behandelingen. Verder wordt in hoofdstuk 7 toegelicht hoe de
verschillende aanbevelingen uit hoofdstuk 3 zijn toegepast in het economische model
voor NTRK-testen en -behandeling dat in hoofdstukken 4-6 wordt beschreven.

Er worden in hoofdstuk 7 ook verschillende aanbevelingen gedaan voor een
succesvolle(re) implementatie van GG, die luiden als volgt:
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Er zijn strengere eisen nodig voor het klinisch bewijsmateriaal dat wordt ingediend
bij de instanties die gaan over markttoetreding en vergoedingsstatus. Er moeten
ook strengere eisen komen rondom vervolgstudies voor behandelingen waarbij het
oorspronkelijke bewijsmateriaal beperkt is. Er moeten gestandaardiseerde procedures
worden ontwikkeld om ervoor te zorgen dat klinische richtlijnen en vergoedingsstatus
worden herzien als vervolgstudies aantonen dat de behandeling onvoldoende effectief
is of ernstige bijwerkingen veroorzaakt. Mogelijk is het waardevol om op grotere schaal
klinische en genetische data te verzamelen. Nationale HTA-richtlijnen kunnen worden
bijgewerkt om meer richting te geven rondom het modelleren van testtrajecten, zodat
testtrajecten consistent worden meegenomen en gemodelleerd in vergoedingsdossiers.
Meer onderzoeksfinanciering en extra beleidsmaatregelen zijn nodig om te voorkomen
dat de implementatie van GG bestaande gezondheidsverschillen vergroot. Het probleem
van ongelijke doorverwijzing voor genetische tests moet worden aangepakt, en
patiéntenpopulaties in zowel klinische trials als in registers moeten representatiever
worden. Er zijn maatregelen nodig om ervoor te zorgen dat de ziektegebieden waarin
technologische innovatie plaatsvindt beter aansluiten bij de gebieden met een grote
onvervulde klinische behoefte (unmet clinical need). Er zijn ook maatregelen nodig om de
prijzen van (oncologische) geneesmiddelen die tot beperkte gezondheidswinst leiden te
temperen. En ten slotte worden beleidsmakers, onderzoeksfinanciers en onderzoekers
aangemoedigd om voorzichtig te zijn rond het onderwerp ‘gepersonaliseerde
geneeskunde’. Niet alle GG-interventies bieden toegevoegde waarde voor het
zorgsysteem en/of de samenleving als geheel. Ook heeft het GG-veld tot nu toe weinig
aandacht gehad voor primaire preventie, terwijl mogelijk grote gezondheidswinsten
behaald kunnen worden door het beter afstemmen van preventiemaatregelen op het
individu. Laten we het doel niet uit het cog verliezen en alleen middelen toebedelen aan
de interventies en de innovatie- en implementatieactiviteiten die (grote) toegevoegde
waarde kunnen bieden.
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