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Background: The HEcoPerMed consortium developed a methodological guidance for the harmonization
and improvement of economic evaluations in personalized medicine. Materials & methods: In three
therapeutic areas, health economic models were developed to scrutinize the recommendations of the
guidance. Results: Altogether, 20 of the 23 recommendations of the guidance were addressed by the
models. Seven recommendations were applied in all studies, six in two of the studies and seven in one
of the studies. Recommendations with an essential role on the final conclusions of the analyses were
identified in each study. Conclusion: The guidance was found to be best used as a tool to identify
and prioritize issues, verify solutions and justify decisions during the economic analysis of personalized
interventions.
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Economic evaluations in health are used to support decisions about the efficient allocation of resources. Optimizing
pathways of care, treatment selection and adjustment for stratified groups or individuals with the means of
personalization (e.g., genetic testing, omics profiling) has great potential to improve patient outcomes and ensure
efficient spending of scarce health care resources. However, features of personalized care have cast doubt on
the appropriateness and applicability of current health economic modeling approaches that have been primarily
used to analyse non-personalized interventions [1]. Conducting economic evaluations in the field of personalized
medicine (PM) often creates challenges (e.g., availability of costs and health outcome data, accurate evaluation of
test–treatment combinations, complexity of modeling potential real-life patterns) that are less frequently seen in
traditional economic analyses [1].

The European Commission-funded consortium ‘Health Economic Models for Personalized Medicine’ (HEcoP-
erMed; https://hecopermed.eu/) developed the ‘Guidance for the Harmonisation and Improvement of Economic
Evaluations of Personalised Medicine’ [2]. The guidance identifies topics that are deserving additional attention
by health economic modelers and experts who develop or evaluate economic models to improve the consistency
and quality across different models for personalized care. Some of the recommendations remind modelers and
evaluators of good practices that are often neglected; others steer modelers and evaluators who are uncertain about
how to proceed in the face of ongoing methodological and policy discussions [2].

To scrutinize applicability, verify usability and formulate considerations about the practical usefulness of the
HEcoPerMed guidance, the consortium developed health economic models for three real-world case studies [3–5].
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This article discusses our experience regarding the feasibility of the guidance recommendations to the case studies
and formulate practical recommendations on the real-world use of the guidance based on this experience.

Materials & methods
Case studies
The three case studies were conducted by the Erasmus University of Rotterdam, the University of Oxford and
Syreon Research Institute. They were concerned with genetic profiling: two in the field of advanced cancer and
one in diabetes. Each of the three research groups developed one core country-specific cost–effectiveness model,
which was then adapted to the other two countries and jurisdictions [6–8]. Due to the different disease areas and
different healthcare settings, these three economic models allowed for variation in the application of the guidance
and highlight specific challenges in the space of health economic modeling of PM.

The first study examined the NTRK gene fusion testing among patients with locally advanced or metastatic
solid tumors who have already received one or more lines of treatment. Patients who tested positive with different
test combinations were treated with the NTRK inhibitor entrectinib. The comparator in this study was no genetic
testing followed by standard of care for all patients. The time horizon of the model was 20 years, the cycle length was
1 month and the base case analysis was performed from the societal perspective of The Netherlands. An estimate
of the prognostic value for survival and time to treatment discontinuation of the NTRK gene fusion was used to
adjust analyses. The base case results showed that the incremental cost–effectiveness ratio (ICER) was well above
the maximal acceptable cost–effectiveness. The scenario analysis showed that when the costs of testing for NTRK
gene fusions were not considered the cost–effectiveness ratio was below the maximal acceptable ICER. More details
are provided by Huygens et al. [3].

The second study examined routine upfront DPYD gene testing with a new multivariant genetic test called
ToxNav R© to personalize fluoropyrimidine-based chemotherapy (capecitabine/5-fluorouracil [5FU]) for metastatic
breast cancer patients. The model simulated a cohort of women with metastatic breast cancer, starting with
ToxNav testing and consecutive dose adjustment of chemotherapy regimens and another cohort receiving full dose
of capecitabine/5FU treatment without prior ToxNav testing. The base case analysis was performed from the
perspective of the NHS in England on a lifetime horizon. The study demonstrated that upfront DPYD testing with
a multigene panel results in net cost savings and improves quality of life of metastatic breast cancer patients. Results
were strongly influenced by the rate of adverse events associated with chemotherapy. Univariate and probabilistic
sensitivity analyses demonstrated that the ToxNav would retain its dominant status over no genetic testing strategy.
More details are provided by Koleva-Kolarova et al. [5].

The third case study examined screening for Maturity Onset Diabetes of the Young (MODY) in the diabetes
population. The health economic model simulated the diagnostic and therapeutical pathways of care of diabetes
and estimated long-term effects in diagnosed and undiagnosed MODY patients. Diagnosis of MODY was done
on the basis of a risk stratification questionnaire, laboratory test and next-generation sequencing. The analysis was
performed from a healthcare payer perspective considering direct medical costs and outcomes over 20 years in
Hungary. The results demonstrated that in young (<35 years) diabetes patients, detection of MODY and switch
to appropriate treatment reduces therapeutical costs and improves patients’ quality of life by avoiding inconvenient
and expensive insulin treatment and its complications. Moreover, by carefully selecting the target population for
genetic testing, screening MODY turns into a cost-saving alternative compared with no screening. More details are
provided by Kovacs et al. [4].

All three core models were adapted to transfer them to the other two countries. Details for all country adaptations
of the three case studies have been published [6–8]. Although the adapted models were not directly checked against
the recommendations, they helped draw general conclusions for the analysis.

Guidance recommendations
The ‘Guidance for the Harmonisation and Improvement of Economic Evaluations of Personalised Medicine’ was
developed in 2019–2021 by the members of the HEcoPerMed consortium. In this process, a targeted literature
review of methodological papers was performed to overview modeling challenges in PM. Expert interviews were
then held to discuss best modeling practices in PM. A systematic literature review of economic evaluations of PM
was also conducted to gain insight into current modeling practice. The findings were synthesized and used to
develop a set of draft recommendations. The draft recommendations were discussed at a stakeholder workshop and
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subsequently finalized. The original paper by Vellekoop [9] discusses the methods and the 23 recommendations of
the guidance in detail; a summary of these is provided in Table 1.
During the development of the economic models for the three case studies the modeler groups recorded the
challenges they faced and their relation with the recommendations of the guidance. In this process, a 1 day
virtual workshop with 27 stakeholders (from different jurisdictions) was held to receive input on the guidance’s
practical applicability on the case studies with regards to content and clarity and also the face validity of the
constructed models. The workshop entailed the presentation of the three health economic models and the structured
discussion of the modeling challenges in relation to specific recommendations of the guidance. The participants
had opportunity to comment both on the models and on the respective recommendations.

Once the models were finalized the three modeler groups presented if and how they managed to address the
recommendations. Finally, the guidance items for each case study were labelled as follows:

• Applied: if the study managed to appropriately consider the recommendation.
• Not included: if the study did not manage to appropriately consider the recommendation.
• Not applicable: if a particular recommendation was not relevant to the case study.

The purpose of the exercise was not only to see if the recommendations are practically applicable but also to
understand if the guidance sufficiently covers PM-specific challenges coming across in the three case studies. The
modeler groups therefore checked and discussed whether they faced challenges beyond the coverage of the guidance
and whether the guidance needed further amendment or adjustment (see Table 1).

Results
The three modeling case studies addressed 19 of the 23 recommendations. Seven recommendations (Nos. 1–5, 15
and 18) were applied in all case studies. Six recommendations (Nos. 8, 9, 11, 17, 21 and 22) were applied in two
of the three case studies. Seven recommendations (Nos. 6, 12, 14, 16, 19, 20 and 23) were applied only in one of
the three case studies. Three recommendations of the guidance (Nos. 7, 10 and 13) were not applicable in any of
the case studies. The summary of case study evaluation results is presented in Table 1.

Addressing the recommendations
The study on testing for NTRK gene fusions managed to apply 12 of 16 applicable recommendations. The study
on DPYD testing addressed 16 of 17 applicable recommendations. The MODY screening case study addressed
12 of 18 applicable recommendations. The detailed application of the guidance to each case study is presented in
Appendix Tables 1–3. The summary on how the three case studies addressed the recommendations is as follows.

Recommendation 1: ‘For economic evaluations of PM, use the standard perspective as recommended by national
HTA [Health Technology Assessment] guidelines in the base case’.

All three analyses followed the recommendations of the national guidelines and used the perspective of the
healthcare payer. The analysis for NTRK, in alignment with the national guideline, applied both the perspective
of the society in the base case and the healthcare payer and of the society as a scenario analysis. Altogether, the
modeler groups found appropriate, applying the perspective recommended by the national guidelines, and adding
alternative perspectives to the analysis was not deemed necessary.

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

In all three analyses, standard discount rates of costs and benefits were used according to the national guidelines:
4.0, 3.5 and 3.7% for costs and 1.5, 3.5 and 3.7% for benefits for the NTRK (The Netherlands), DPYD (UK)
and MODY (Hungary) studies, respectively. The modeler groups deemed to discount costs and benefits similarly
to the recommendations of the respective national guidelines; lower (than recommended by the guidelines) or
hyperbolic discount rates (see Vellekoop et al.) were not regarded more feasible than the rates recommended in
national guidelines.

Recommendation 3: ‘Identify all relevant test–treatment pathways and justify why the pathways included in
the model were selected’.

In the NTRK model all relevant test–treatment pathways, including four testing strategies: RNA-NGS test
for all tumor types, immunohistochemistry (IHC) test for all tumor types, IHC test followed by RNA-NGS
in patients with a positive IHC test result for all tumor types and stratified test strategies depending on the
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Table 1. Summary table of HEcoPerMed recommendations and their application to the three case studies.
Guidance items Recommendations Application to the case studies

NTRK ToxNav MODY

Perspective and
Discounting

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

Applied Applied Applied

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

Applied Applied Applied

Test–Treatment
Pathways

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

Applied Applied Applied

4. When 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

Applied Applied Applied

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

Applied Applied Applied

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

Not applicable Not applicable Applied

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

Not applicable Not applicable Not included

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

Applied Applied Not applicable

9. Confirm that the assumed testing costs are accurate in the setting of interest
and consider possible variations in costs across laboratories

Applied Applied Not included

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

Not applicable Not applicable Not included

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

Not applicable Applied Applied

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

Not applicable Not applicable Applied

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

Not included Not applicable Not applicable

14. When the 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

Applied Not applicable Not applicable

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

Applied Applied Applied

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

Not included Applied Not applicable

17. When extrapolating survival data beyond the study period, account for any
excess mortality and morbidity among long-term survivors

Applied Applied Not applicable

Additional Elements of
Value

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

Applied Applied Applied

Incorporating
Compliance

19. Include parameters reflecting patient and clinician compliance in economic
evaluations for decision-makers who require cost–effectiveness results under
realistic circumstances

Not included Applied Not included

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

Not included Applied Not included

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

Not included Applied Applied

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

Applied Not included Applied

Managed Entry
Agreements

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

Not included Applied Not included

HTA: Health Technology Assessment; MODY: Maturity Onset Diabetes of the Young; PM: Personalized medicine.

404 Per. Med. (2023) 20(4) future science group



Lessons learned from the application of the HEcoPerMed guidance to three modeling case studies Research Article

NTRK fusion prevalence and TRK wild-type protein expression of the tumor types for different patient categories
were incorporated. In the DPYD model the place of the genetic testing was determined based on literature and
consultations with clinical experts. In the MODY model, two patient stratification scenarios were distinguished
after looking at current clinical practice.

Recommendation 4: ‘When 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’.

In all three case studies, the entire spectrum of downstream costs and outcomes related to testing and treatment for
both patients who tested positive and negative, including both false-positive and false-negative subjects, were
considered.

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

In the NTRK model, the sensitivity and specificity of the IHC test was based on tumor-specific estimates from
the literature while genetic testing was assumed to be 100% accurate. In the DPYD model, the diagnostic accuracy
of testing was taken from Lee et al. [10], which applies for the case of predominantly Caucasian population. In the
MODY model, genetic testing was assumed to be 100% accurate, whereas the MODY risk calculator’s accuracy
was based on the best matching scientific evidence [11]. The sensitivity and specificity of the autoantibody testing
was based on scientific evidence [12].

Recommendation 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’.

Cut-off values are by nature not associated with genetic testing: consequently cut-off values for Next Generation
Sequencing-RNA panel test of NTRK fusions and for DNA panel test to detect DPYD mutations were not applied.
Nevertheless, for the case of identifying potential MODY patients with a risk assessment questionnaire, a 40%
cut-off value was used (i.e., with 40% probability of having MODY the sensitivity [87%] and specificity [88%] of
the questionnaire were maximized), whereas other cut-off values were also tested in scenario analyses.

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

In the NTRK model, the sensitivity and specificity of the IHC test did not influence the test characteristics of the
subsequent genetic test because 100% sensitivity and specificity was assumed. In the DPYD study, modeling test
sequence was not applicable. In the case of MODY, it was not possible to allow for the interdependence between
the test results because of the lack of sufficient data.

Recommendation 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’.

The risk of increased mortality of patients when waiting for test results was considered in the NTRK analysis.
Waiting to undergo the DPYD test and for its results (and the associated delay in receiving chemotherapy) was
built into the DPYD economic model because it had a potential to impact on survival and quality of life in cancer
treatment. Risk of increased mortality during testing was not relevant for the MODY analysis.

Recommendation 9: ‘Confirm that the assumed testing costs are accurate in the setting of interest and consider
possible variations in costs across laboratories’.

In the NTRK analysis difference in costs reported by different hospitals (specialized in treating different tumors
and having their own price setting policies) were considered. In the DPYD model, the cost of genetic testing was
determined for the UK setting and was in particular fit to the local settings of the Oxford University Hospitals
NHS Trust. Due to lack of local data, cost of genetic testing did not reflect local prices in the MODY model, and
the cost of genetic testing was assumed to be similar to the cost applied in the UK (€716).

Recommendation 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’.

Genetic testing in relatives of index patients were not deemed relevant for the NTRK and the DPYD analyses.
Relatives of index patients were considered but not modeled in the MODY analysis because screening children
was deemed not feasible during the time horizon of the analysis, siblings (if treated with insulin and younger than
age 35) were assumed to be in the target group anyway and parents of screened subjects were older than the target
group (see more about this challenge in the Discussion).
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Recommendation 11: ‘Where possible, use effectiveness data from trials with two (or more) alternative treatment
strategies’.

The design of the clinical data supporting the analysis was an important challenge for both the Dutch and the UK
models. In the case of NTRK, data on entrectinib were only available from the single-arm trial. Hence, a synthetic
control group had to be constructed. In the DPYD model, for reduced and standard dose of capecitabine/5FU in
(non-)mutation carriers modelers used estimates from a published cost–effectiveness analysis that fitted a Weibull
distribution to progression-free and overall survival data from a randomized controlled trial. In the MODY analysis,
to model patient pathways, several sources of randomized clinical trial data were applied (see more in references [3–5]).

Recommendation 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’.

For the NTRK and DPYD analyses, surrogate outcomes were not necessary to model patient pathways. In the
MODY analysis, data sources on surrogate outcomes were specified in several items of the diabetes patient pathway,
based on scientific literature; there was special attention on HbA1c differences and complication specific outcomes
regarding HbA1c (see more in reference [4]).

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

In the NTRK analysis, external data for the comparator was relatively recent (2012–2020), and thus a time trend
in effectiveness was not accounted for, although it could have been investigated. In the case of DPYD testing,
external data to build the comparator arm was not necessary. Issues around the proper use of effectiveness data for
the comparator were not relevant in the MODY analysis.

Recommendation 14: ‘When the 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’.

To adjust for the prognostic value of the NTRK gene fusion, the hazard ratios of NTRK+ patients for mortality
and time to treatment discontinuation were estimated. Prognostic value of genetic markers for the comparator was
not applicable for the case of DPYD and MODY testing.

Recommendation 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’.

In the NTRK model, the prognostic value of NTRK gene fusions was based on the Hartwig Medical Foundation
(HMF) database including metastatic cancer patients from 44 hospitals that had genomic profiling between 2012
and 2020. The hazard ratio of NTRK+ patients for mortality and time to treatment discontinuation was assumed
constant across tumor types. In the DPYD model, data sources for association between genetic marker and clinical
outcomes in the intervention arm was obtained from local data provided by the Oxford University Hospitals [13].
In the case of MODY, data sources about the association between genetic markers and clinical outcomes were
specified for types of genetic mutations and therapies (and their effectiveness) based on the literature.

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

In the NTRK analysis, expert opinion alongside statistical fit to choose between the survival models was not
applied. Until recently, the patients’ NTRK status would have been unknown because no NTRK testing would
have been done. It was therefore expected that experts (e.g., clinicians) would not be able to provide additional
information on the most accurate survival models for NTRK+ and NTRK- patients separately. In the case of DPYD
testing, the appropriate statistical model fit for the analysis of transition probabilities was chosen based on expert
opinion and goodness of fit analysis. Because the therapy switch had a negligible effect on patient survival, changes
in extrapolating survival related items were not applicable for the case of MODY.

Recommendation 17: ‘When extrapolating survival data beyond the study period, account for any excess
mortality and morbidity among long-term survivors’.

Excess mortality and morbidity were applied in the NTRK case because the data used for the analysis reflected
metastatic patients’ survival. Similarly, metastatic breast cancer is usually considered a terminal disease that is
amenable to palliative but not curative intent, and thus excess mortality and morbidity among long-term survivors
was covered by the data. Therapy switch has negligible effect on patient survival, so changes in extrapolating survival
related items were not relevant in the MODY analysis.
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Recommendation 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’.

No value elements beyond those recommended in the Dutch HTA guideline were included in the NTRK
analysis. However, this guideline recommends the adoption of a societal perspective, as a result of which the costs of
informal care and all healthcare costs during life years gained (related and unrelated to cancer) were incorporated.
Productivity costs were not taken into account because the patients are in an advanced stage of cancer and have
probably left the workforce. Similarly, no value elements beyond those recommended in the national HTA guideline
were included in the DPYD and MODY analyses. However, in the DPYD analysis, the psychological benefits from
knowing the results of the ToxNav test were considered, but because no differences were found between the tested
and not tested cohorts, this element was not incorporated.

Recommendation 19: ‘Include parameters reflecting patient and clinician compliance in economic evaluations
for decision-makers who require cost–effectiveness results under realistic circumstances’.

For the case of NTRK, parameters specifically reflecting patient and clinician compliance were not included be-
cause such compliance was expected to be outstanding due to the severity of the disease and to the limited number
of treatment alternatives. For the DPYD analysis, both clinicians’ (96%) and patients’ (100%) compliance to testing
were estimated on the basis of the DPYD testing adherence reported by Tsiachristas et al. [13]. Full compliance to
screening was considered in the MODY model because patients were expected to have strong incentive to improve
their quality of life by switching from insulin therapy.

Recommendation 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’.

As mentioned at Recommendation 19, parameters reflecting patient and clinician compliance were not included
in the case of NTRK testing. For the case of DPYD testing, compliance data were relevant to the local setting, and
the applied values were within the ranges found in the literature. Due to the lack of evidence, possible variation in
compliance across societal groups was not considered in the MODY analysis.

Recommendation 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’.

Expert judgments were not synthesized into a probability distribution for the sensitivity analysis in the case of
NTRK. Sensitivity analysis on key model parameters was taking into account the variability in literature findings
and local data inputs in the DPYD analysis. Expert judgment was used to inform the cost of the ToxNav test,
and the baseline value was varied in univariate and probabilistic sensitivity analyses to account for the uncertainty
by using 20% range and a gamma distribution, respectively. Inputs in the probabilistic sensitivity analysis were
crosschecked with experts in the MODY analysis.

Recommendation 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’.

Structural uncertainties of the NTRK model were incorporated into the sensitivity analysis with three scenarios
using different assumptions about the inclusion and exclusion of testing costs and consequences. Deterministic
sensitivity analysis and probabilistic sensitivity analysis were performed but no structural sensitivity analysis was
conducted in the DPYD model. Structural sensitivity analysis was conducted by adapting two screening pathways
in the MODY case.

Recommendation 23: ‘If a managed entry agreement is being considered for an intervention, include its
conditions in the model evaluating the intervention’.

Managed entry agreements or other forms of risk sharing were not considered for the economic analysis of
NTRK testing, but the headroom price of the RNA-NGS test to detect an NTRK-fusion (i.e., the price at which
the cost–effectiveness ratio remains below the maximal acceptable threshold) was calculated. The application of
a managed entry agreement to the cost of ToxNav was considered for the budget impact analysis of the DPYD
testing. Managed entry agreements were not considered for the economic analysis of MODY testing.

Discussion
The ‘Guidance for the Harmonisation and Improvement of Economic Evaluations of Personalised Medicine’
developed by the HEcoPerMed consortium was applied on three real-world case studies. The 23 recommendations
provided comprehensive coverage of the challenges of the economic analysis of personalized interventions. The
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modeler groups did not identify new challenges that were not in the guidance and were unique to the field of PM.
It also was not felt there were inadequate or inoperable items in the guidance.

The majority (63–83%) of the recommendations were relevant for each case study, and the majority (63–94%)
of the applicable recommendations were successfully addressed by the modeler groups. Crucial ones in each study
with essential impact on the final conclusions of the analysis were also identified. These items were as follows.

In the case of testing for NTRK gene fusions, the inclusion of all downstream costs and health outcomes
(No. 4) had a vital impact on the conclusions. When only the costs and outcomes of those identified by the
genetic test were considered in the model, the ICER remained below the willingness-to-pay threshold (threshold of
€80,000/quality-adjusted life year [QALY] > €38,658/QALY). On the contrary, when accounting for the costs of
testing and outcomes of all tested patients, the ICER increased to €169,957/QALY, which changed the conclusion
on entrectinib from cost-effective to not cost-effective. Another crucial point of the NTRK analysis was that only
single-arm trial data were available to model the effect of entrectinib (No. 11). The Dutch HMF database was used
to estimate a synthetic control arm that simulates the prognostic value of NTRK fusions. Statistical methods to
match the study populations from the HMF database and the entrectinib trials (e.g., propensity score matching)
could not be applied, which was deemed as inescapable limitation of the model.

In the case of testing for DPYD mutations the appropriate combination of available clinical (No. 11) and
real-world (No. 15) data from the site of the research made it possible to generate high quality evidence and justify
cost savings due to genetic testing. Clinical effectiveness of reduced and standard dose of capecitabine/5FU was
supported by published literature. Data on the association between the genetic markers and clinical outcomes were
obtained from local real-world data sources provided by the Oxford University Hospital [13].

In the case of genetic testing for MODY mutations appropriate conclusions were strongly driven by identifying all
relevant test-treatment pathways (No. 3) and by depicting structural uncertainties in the modeled patient pathways
(No. 22). Placing an autoantibody laboratory test in the diagnostic pathway between the MODY risk calculator
and the genetic testing dramatically changed the cost–effectiveness results. The use of the laboratory test prevented
the excess use of genetic testing and sufficiently reduced the average cost per patient, which turned screening from
cost-effective (i.e., QALY gains for socially acceptable incremental costs) to a cost saving alternative.

There were numerous recommendations in each study which were not applicable or not included in the analysis.
Three items (Nos. 7, 10, 13) were neither included nor applicable in any of the three case studies. Of the three
items two referred to data challenges.

Recommendation 13 asks the analyst to account for a possible time trend when using external (e.g., historical)
data for the comparator arm of the analysis. For the case of NTRK testing, the external data used in the comparator
arm were very recent (2012–2020), hence time trends were not likely to cause any bias in the analysis. For the cases
of DPYP and MODY testing, comparator data issues were not relevant.

Recommendation 7 asks to consider the interdependence between test results, if necessary. In the NTRK model
the sensitivity and specificity of the first (IHC) test did not influence the results of the subsequent genetic test. In
the DPYD study, modeling test sequence was not applicable. In the case of MODY, no sufficient data were available
to consider interdependency between the different test results.

The third recommendation that was not used in any of the analyses (No. 10) discusses accounting for relatives of
index patients who are potentially eligible for genetic testing. This challenge was not relevant for the genetic testing
of NTRK fusion and DPYD mutations. For the case of testing MODY mutations, this challenge was considered
but not included in the analysis for the following reasons. Parents of the index patients, due to being on insulin
treatment for longer period, were not eligible to switch therapy (according to clinical experts). Siblings were good
candidates for MODY testing; however, most of them fall into the current screening strata – being under 35 and on
insulin. Children of the index patients were in scope, too; however, the implications (gaining benefits and saving
costs) of their diagnosis would largely fall out of the 20-year time horizon of the analysis. The guidance says that in
such cases, other models that do have the potential to include the impact of genetic testing on future generations
are necessary. On the basis of these considerations, Recommendation 10 was not applied to the case of MODY.

Altogether, the three outstanding items of the guidance (Nos. 7, 10 and 13) remained valid and eligible to be
applied for other health economic analyses. In the case of Recommendation 7, Garrison et al. provide an example
about ‘expanded reflex’ testing versus standard testing for HER2 mutations for breast cancer patients [14]. In case of
Recommendation 10, there are good examples on familial hypercholesterolemia and BRCA-positive breast cancer
patients whose identified inheritable pathogenic mutation can initiate testing of relatives who are at potential risk of
the same mutation. In the case of Recommendation 13, there are a number of examples in the area of rare diseases
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where, due to ethical and epidemiological (low prevalence/incidence) reasons, only data from single-arm studies
are available.

It is important to acknowledge that this qualitative review of the guidance, based on three case studies, is
neither exclusive nor conclusive. However, it provides good examples on applying the guidance recommendations
in practice. Our positive hands-on experience on the applicability of the items confirmed that the conceptual,
systematic and multilayer approach we had been carrying out during the guidance development was sufficient.
Despite our studies obviously differing in the medical/healthcare settings, data and methods, they all confirmed
the appropriateness and practical usefulness of the guidance.

Through our earlier review [2] we had identified 22 existing methodological papers that question, among other
things, the methodological challenges specific to PM. We subsequently used this information as basis for interviews
with experts. As a result, the guidance provides in-depth discussion and takes a stance in those discussions on
important model assumptions. Hence, the benefit of the guidance is that it is more than a checklist, it is a critical
appraisal of data use and assumptions when developing cost–effectiveness models for PM.

A noteworthy limitation is that we primarily relied on the experience of three independent modeling teams and
there were overlaps across the individuals working on the original guidance and on the respective case studies.
However, this circumstance was rather helpful than aggravating: guidance developers were able to directly test the
translation of theory (guidance) into practice (case studies). On the other hand, we acknowledge it might have been
challenging for those taking part in both the guidance development and the modeling to remain impartial and
provide fair critique on the guidance. This potential weakness was intended to be controlled with the involvement
of colleagues taking part in either the modeling or the guidance development exercise, but not in both; also external
stakeholders of the workshop were acting as peer reviewers. Through the three case studies, we could not cover the
entire spectrum of possible challenges in the field of PM, and (similar to the scope of the guidance) narrowed the
focus of the modeling exercise to studies on genetic testing. Also other medical fields could be subject to future
PM-related modeling studies on the guidance.

Conclusion
This article demonstrates that the guidance can be applied as a tool for analysts to identify and prioritize issues, verify
solutions, formulate arguments and carefully justify decisions throughout the economic analyses of personalized
interventions. Our case studies aim to serve as examples of such practices. Instead of taking the guidance as a
fully comprehensive and compulsory checklist, it is advised to be looked at as a supporting instrument steering
the economic evaluation and decision-making process to assess appropriately the economic aspects of personalized
interventions in healthcare.
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Summary points

• The European Commission-funded consortium Health Economic Models for Personalised Medicine (HEcoPerMed)
developed the ‘Guidance for the Harmonisation and Improvement of Economic Evaluations of Personalised
Medicine’.

• To scrutinize applicability, verify usability and formulate considerations about the practical usefulness of the
HEcoPerMed guidance, the consortium developed health economic models for three real-world case studies.

• In this article, we discuss our experience regarding the feasibility of the guidance recommendations to the case
studies and formulate practical recommendations on the real-world use of the guidance based on this experience.

• The three case studies were conducted by the Erasmus University of Rotterdam, the University of Oxford and
Syreon Research Institute. The studies were concerned with genetic profiling: two in the field of advanced cancer
and one in diabetes.

• Each of the research groups developed one core country-specific cost–effectiveness model that was then adapted
to the other two countries and jurisdictions. Due to the different disease areas and different healthcare settings,
the three economic models allowed for variation in the application of the guidance and highlight specific
challenges in the space of health economic modeling of personalized medicine (PM).

• During the development of the economic models, the modeler groups recorded the challenges they faced and
discussed their relation with the recommendations of the guidance. The purpose of the exercise was to see if the
recommendations are practically applicable and also to understand if the guidance sufficiently covers PM-specific
challenges coming across in the three case studies.

• The modeler groups checked and discussed whether they faced challenges beyond the coverage of the guidance
and whether the guidance needed further amendment or adjustment.

• The three modeling case studies addressed altogether 19 of the 23 recommendations. Seven recommendations
(Nos. 1, 2, 3, 4, 5, 15 and 18) were applied in all case studies. Six recommendations (Nos. 8, 9, 11, 17, 21 and 22)
were applied in two of the three case studies. Seven recommendations (Nos. 6, 12, 14, 16, 19, 20 and 23) were
applied only in one of the three case studies. Three recommendations (Nos. 7, 10 and 13) were not applicable in
any of the case studies.

• The majority (63–83%) of the recommendations were relevant for each case study, and the majority (63–94%) of
the applicable recommendations were successfully addressed by the modeler groups. Crucial ones in each study
with essential impact on the final conclusions of the analysis were also identified.

• The recommendations provided comprehensive coverage of the challenges of economic analysis of personalized
interventions.

• New challenges that were not in the guidance and were unique to the field of PM were not identified. It also was
not felt there were inadequate or inoperable items in the guidance.

• This work demonstrates that the guidance can be applied as a tool for analysts to identify and prioritize issues,
verify solutions, formulate arguments and carefully justify decisions throughout the economic analyses of
personalized interventions.

• Our case studies aim to serve as examples of such practices. Instead of taking the guidance as a fully
comprehensive and compulsory checklist, it is advised to be looked at as a supporting instrument steering the
economic evaluation and decision-making process to appropriately assess the economic aspects of personalized
interventions in health care.
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