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Abstract

Objectives: Predictive biomarkers can identify patients who are more likely to respond to
immunotherapy, which can guide treatment decisions. The objective of this study was to assess
the potential value of predictive biomarkers in advanced NSCLC patients to guide the develop-
ment of cost-effective biomarkers in this field.
Methods: A decision analytical model was constructed to compare theoretical new strategies
with biomarkers to the current standard of care. The analysis was performed for three different
patient groups based on PD-L1 status. Differences in health outcomes (QALYs) and costs were
assessed between the current practice and these biomarker strategies.
Results: Omitting immunotherapy in NSCLC patients with a PD-L1 score < 1 percent or
between 1 and 49 percent, and a negative biomarker test, could potentially reduce healthcare
costs significantly a small loss in QALYs. In these groups, a biomarker test is potentially cost-
effective as the incremental cost-effectiveness ratio largely exceeds a willingness-to-accept
threshold of €80,000 saved per QALY lost. For patients with a PD-L1 score > 50 percent, a
considerable QALY gain can potentially be realized by adding chemotherapy to patients with a
negative biomarker test. However, this comes at a significant increase in costs and appears not to
be cost-effective.
Conclusions: In general, predictive biomarkers seem to have the potential to increase the cost-
effectiveness of treatment with immunotherapy in patients with advanced NSCLC. Optimal
positioning of a biomarker depends on the weighing between health impact and costs.

Introduction

Immune checkpoint inhibitors and targeted therapies have redefined treatment options for
patients with advanced stage nonsmall cell lung cancer (NSCLC). Targeted therapies are only
effective in tumors if specific genetic alterations they target are present, and the absence of these
genetic alterations is a reality for most advanced NSCLC patients. For these patients, immune
checkpoint inhibitors (i.e., immunotherapy) targeting either programmed cell death protein 1
(PD-1) or programmed cell death ligand 1 (PD-L1) have become important treatment options
shown to be able to improve survival (1). However, long-term disease control with immuno-
therapy is only seen in a relatively small proportion of patients (2), whereas immunotherapy
comes at the expense of side effects and significant monetary expenses. Therefore, treatment
guidance based on response prediction is potentially valuable for these patients and society.

Predictive biomarkers can be used to guide treatment decisions by identifying patients who
are more likely to respond to immunotherapy. Presently, only tumor PD-L1 expression is
routinely used for this purpose in clinical practice. Multiple studies have shown that tumor
PD-L1 expression is a predictive factor for response to immunotherapy (3–5). Although PD-L1
expression has been shown to be predictive for treatment response in advanced NSCLC, there is
still a considerable proportion of patients with high PD-L1 expression who do not respond to
immunotherapy. In contrast, other patients without PD-L1 expression still benefit from
immunotherapy (6). Therefore, it is recognized that the development of additional biomarkers
or combinations of biomarkers may be valuable to guide treatment decisions (7). Additional tests
based on tumor tissue, such as Tumor Mutational Burden (TMB) and specific genomic alter-
ations, are associated with the efficacy of immunotherapy and could be an addition to PD-L1
expression (8). Also, predictive models, based on clinical data or blood tests, have been proposed.
The IOpener test is based on tyrosine kinase activity of immune cells in peripheral blood and
provides a predictive score for the likelihood of response to immunotherapy (9).

To guide further research and development, it would be beneficial to first evaluate the
potential value of these biomarkers using early health technology assessment (HTA). Early
HTA is a methodology to assess the potential value of new healthcare technologies. Early
HTA offers valuable insights about technology, like new biomarkers for predicting treatment
effect in advancedNSCLC. It can highlight the advances of the new technology, showwhere it can
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be best positioned within current care pathways, provide informa-
tion about the minimal needed performance, and give direction to
future clinical studies (10;11).

In this study, we performed an early HTA about biomarkers for
the prediction of immunotherapy response in advanced NSCLC
patients to show the potential value of new biomarkers and to guide
the development of cost-effective biomarkers in this field.

Methods

Target population and comparison

The target population consisted of Stage 3 and 4 NSCLC patients
(as defined in the 8th edition of lung cancer staging) who were not
eligible for (curative) chemoradiation and had no targetable muta-
tions.

To analyze the potential value of new biomarkers in predicting
immunotherapy response, we constructed a decision analytical
model to compare different new strategies, including the use of
biomarkers for prediction of treatment response, to the current
standard of care. The analyses were performed for three different
groups within the target population based on PD-L1 status: <1
percent, 1–49 percent, and ≥ 50 percent expression. These three
groups were chosen based on the data presented in the KEYNOTE
studies. The KEYNOTE studies are a series of clinical trials evalu-
ating the effectiveness of Pembrolizumab, of which some are per-
formed in NSCLC patients (12–14).

Current standard of care

Standard of care was based on theDutch guideline for the treatment
of NSCLC and the European Society forMedical Oncology (ESMO)
guideline (15;16). The current treatment for patients in the target
population depends on the PD-L1 status:

- PD-L1 expression <1 percent or 1–49 percent: immunochem-
otherapy

- PD-L1 > 50 percent: immunotherapy alone.

Pembrolizumab was used as immunotherapy, and carboplatin in
combination with pemetrexed or paclitaxel as chemotherapy in this
study.

Strategies including biomarkers

Theoretical strategies were defined in which a biomarker test was
used to predict response to immunotherapy, and treatment was
based on this prediction. Two possible outcomes for the biomarker
test were considered: a positive test indicates that a response to
immunotherapy is expected, whereas a negative test indicates that
no response is expected to immunotherapy. Also, a binary defin-
ition for patient response was adopted for this modeling study:
response was defined as progression-free survival (PFS) at
12 months.

In the theoretical strategies for patients with PD-L1 expression
<1 percent, and 1 percent–49 percent, a positive biomarker test
resulted in the use of immunochemotherapy (comparable to cur-
rent standard of care), whereas a negative test resulted in the use of
chemotherapy only, as no additive benefit of immunotherapy is
expected for these patients based on the test results. For patients
with PD-L1 expression of ≥50 percent, a positive result resulted in
the use of immunotherapy alone, whereas patients with a negative

biomarker test received immunochemotherapy. The rationale
behind this strategy is that we assumed that patients could not be
excluded from anti-PD1 immunotherapy because they have high
PD-L1 expression. However, because the biomarker test predicts
that there is no response, chemotherapy is added to increase the
probability of response.

Model structure

The model consists of a decision tree and a Markov model. The
same patient cohort was simulated through both the current stand-
ard of care and the new theoretical strategies. In the decision tree,
patients were first divided into groups associated with the response
status, that is, whether they would respond if they received the
therapy. In the current practice, all patients receive the same
treatment (based on PD-L1 status), and the response status is used
to define whether patients actually have a response (i.e., PFS) to
treatment or not (consequence). Patients were divided between a
negative or positive biomarker test in the biomarker strategy,
resulting in different treatments. Based on the given treatment
and the response status of the patient, the consequence regarding
response was defined. The decision trees were the same for the <1
percent and 1–49 percent groups (Figure 1A). Figure 1B shows the
decision tree for the group with PD-L1 expression >50 percent.
Based on the decision tree, the patients were divided into different
health states at the start of theMarkovmodel. In theMarkovmodel,
the patients transition to another health state or stay in the same
one. This happens in monthly cycles over a time horizon of five
years. The same Markov model was applied for all three PD-L1
groups. Figure 2 shows the Markov model with the different health
states. The model was developed in R. Lung cancer specialists were
involved in the (clinical) validation of the model.

Response

Whether or not patients will have a treatment response to a certain
treatment (as included in the decision tree under the response
status of the patient) was defined for each PD-L1 group based on
different KEYNOTE studies. An overview of the response rates is
given in Supplementary Material A.

For the PD-L1 < 1 percent group, response was based on a
pooled analysis of KEYNOTE-021, KEYNOTE-189, and KEY-
NOTE-407 (12). This showed that 32.8 percent of patients respond
to immunochemotherapy, whereas 19.3 percent respond to chemo-
therapy alone. It was assumed that patients with a response to
immunochemotherapy may also show a response to chemotherapy
alone, whereas patients who do not show a response to immuno-
chemotherapy will also not respond to chemotherapy alone. This
means that 58.7 percent (19.3 percent/32.8 percent) of the
responders to immunochemotherapy would respond to chemo
alone in the PD-L1 < 1 percent group. For the PD-L1 1 percent-
49 percent response rates were based on KEYNOTE-189 (13). 42.9
percent of patients in this group respond to immunochemotherapy,
whereas 17.7 percent respond to chemo alone. This means that 41.3
percent (17.7 percent/42.9 percent) of the responders to immuno-
chemotherapy will respond to chemo alone.

For the PD-L1 > 50 percent group, no study has compared the
response to immunotherapy alone and immunochemotherapy.
Response to immunotherapy alone was obtained from
KEYNOTE-042, which was 37.5 percent (17). To estimate the
response to immunochemotherapy, we used data from the study
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of Li et al., who performed an indirect meta-analysis for this
comparison (14). This indirect comparison showed an HR for
progression-free survival of 1.81, resulting in a response rate of
65.5 percent for immunochemotherapy. We assumed that patients
not responding to immunochemotherapy (34.5 percent) would also
not respond to immunotherapy alone. Therefore, we calculated that
55.2 percent (34.5 percent/(1–37.5 percent) of the nonresponders
to immunotherapy would not respond to immunochemotherapy.
This means that 44.8 percent (100 percent-55.2 percent) of the
nonresponders to immunotherapy would respond to immuno-
chemotherapy.

Nonresponders: progression and death in first 12 months

Nonresponders either died or had progression within the first
12 months after the start of therapy. The ratio between these two
options was obtained from the difference in PFS and overall sur-
vival (OS) at 12 months in the KEYNOTE studies. The mortality
rate for patients who died in the first 12 months was based on the
presented OS curves of the different KEYNOTE studies. Details are
described in Supplementary Material B.

For patients with progression within 12 months, it was assumed
that progression occurred after 9 months on average, based on

Figure 1. (A) Decision trees for current practice and the biomarker strategy for PD-L1 < 1% and PDL-1 1–49% groups. (B) Decision trees for current practice and the biomarker
strategy for the PD-L1 ≥ 50% group.
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expert opinion. It was then assumed that they lived for an average of
5.4 months after the time of progression, which was based on a
study about postprogression survival in advanced NSCLC patients
(18).

Disease progression after 12 months

Disease progression after the initial response was obtained from the
PFS curves of the KEYNOTE studies for the different PD-L1
groups. Because it was not possible to differentiate between pro-
gression and mortality from these PFS curves, it was assumed that

the first progression took place and patients would subsequently die
from this disease progression. Therefore, patients moved from the
response to treatment state to the progression states and finally to
the death state at a rate inferred from the PFS curves. Then it was
assumed that patients lived for an average of 5.4 months after
progression, based on postprogression survival (18). Extrapolating
the progression-free survival curves was done using an exponential
function. Details are presented in Supplementary Material C.

In all Health states, patients had the probability of due to other
causes. This mortality was based on the general mortality data from
Statistics Netherlands (CBS).

Figure 1. (Continued).
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Utilities

Quality of life values in the form of utility values (with 0 for death
and 1 for perfect health) were attached to the different health states.
This allows for the calculation of quality-adjusted life years
(QALYS) (19). These health outcomes were discounted at a rate
of 1.5 percent based on the Dutch guideline for health economic
evaluation (20).

A utility value for patients with response and patients with
progression was assigned to the corresponding health states (21).
Disutilities were extracted from these values attributed to the side
effects of the treatment regimes (21–25). Disutilities of side
effects were multiplied by the prevalence of these side effects
and then aggregated as an average disutility in the health states.
The prevalence of side effects was obtained from the KEYNOTE
studies. An overview of the utilities and side effects for the
different types of medication is presented in Supplementary
Material A.

Costs

Costs were based on costs in the Netherlands. Only healthcare costs
were which consisted of biopsy costs, PD-L1 determination, medi-
cation costs, and costs for the treatment of side effects, were
included. The cost of side effects was multiplied by the prevalence
of these side effects and then aggregated as one cost in the health
state. Furthermore, costs were assigned to patients who discon-
tinued medication (one-time costs), the response state, progression
state, and to patients who died (costs for terminal care). The cost of
medication was assumed until the progression of the disease. Costs
were indexed to a 2021 price level and discounted at a rate of 4.0
percent (20). An overview of the costs included in the model is
presented in SupplementaryMaterial A4. Details on the calculation
of costs are given in Supplementary Material D.

Analyses

To assess the potential value of biomarker tests that can predict the
response to immunotherapy, several analyses were performed over
a time horizon of five years. Differences in health outcomes
(QALYs) and costs were assessed between the current practice
and the strategies, including the biomarker test. Incremental cost-
effectiveness ratios (ICER) were calculated by dividing the differ-
ence in costs by the difference in health outcomes. A willingness to
pay (WTP) of €80,000 per QALY gained, or a willingness to accept
(WTA) of €80,000 saved per QALY lost were used to decide
whether the strategy including the biomarker was deemed cost-
effective in a specific scenario (20). This WTP was used because of
the high disease burden of NSCLC.

First, headroom analyses were performed in the different groups
to show themaximum added value of a biomarker, that is, the value
for a biomarker with perfect accuracy. This was done by setting
sensitivity and specificity at 100 percent. For the PD-L1 < 1 percent
and 1 percent-49 percent groups, this means that the test is always
positive in patients who would respond to immunochemotherapy
and always negative in patients who would not respond to immu-
nochemotherapy. For the PD-L1 > 50 percent group, this means
that the test is always positive in patients who would respond to
immunotherapy alone, whereas the test is always negative in
patients who would not respond to immunotherapy.

Next, three scenario analyses were performed regarding the
sensitivity and specificity of the biomarker test, that is, scenario 1:
75 percent sensitivity and 75 percent specificity, scenario 2: 90 per-
cent sensitivity and 60 percent specificity, and scenario 3: 60 percent
sensitivity and 90 percent specificity. No costs for the biomarker
test were included.

Sensitivity analyses were performed within the scenarios with
75 percent sensitivity and 75 percent specificity to show the influ-
ence of other parameters of the model.

Figure 2. Markov model.

International Journal of Technology Assessment in Health Care 5

https://doi.org/10.1017/S0266462325100317
Downloaded from https://www.cambridge.org/core. IP address: 13.201.136.108, on 06 Oct 2025 at 17:48:09, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

http://doi.org/10.1017/S0266462325100317
http://doi.org/10.1017/S0266462325100317
http://doi.org/10.1017/S0266462325100317
http://doi.org/10.1017/S0266462325100317
https://doi.org/10.1017/S0266462325100317
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


Results

PD-L1 < 1 percent group

Treatment, according to current practice, resulted in 0.825 QALYs
and €155,968 in costs per patient. Using the biomarker strategy
with 100 percent sensitivity and 100 percent specificity (the head-
room analysis), resulted in 0.780 QALYs and €125,654 in costs per
patient. Hence, the biomarker strategy, in which immunochem-
otherapy was given based on the test result, resulted in a loss of
0.046 QALY at a cost saving of €30,314, corresponding to an ICER
of €660,858 saved per QALY lost. This is deemed cost-effectivewith
aWTA of €80,000 saved per QALY lost. The QALY loss was caused
by higher survival rates of nonresponders on immunochemother-
apy compared to nonresponders on chemotherapy within the first
12 months, that is, the death/progression ratio was more beneficial
for nonresponders on immunochemotherapy. The other scenarios
for biomarker sensitivity and specificity also resulted in a QALY
loss combined with cost savings (Table 1), resulting in ICERS above
the WTA threshold.

PD-L1 1 percent-49 percent group

Current practice resulted in 0.903 QALYs and €175,837 in costs per
patient. The headroom analysis resulted in 0.884 QALYs and
€151,734 in costs for the strategy with the biomarker test. There
with the biomarker strategy resulted in a reduction of 0.019 QALY
at a cost saving of €24,103. This translates to an incremental cost-
effectiveness ratio of €1,302,190 saved per QALY lost. This is
deemed cost-effective with aWTA of €80,000 saved per QALY lost.
All other scenarios also resulted in a QALY loss combined with cost
savings (Table 2), resulting in ICERs above the WTA threshold.

PD-L1 ≥ 50 percent group

When all patients with tumor PD-L1 ≥ 50 percent receive immuno-
therapy alone, defined as current practice, the average QALY was
0.842 at an average cost of €106,922. The headroom analysis for the
biomarker strategy in which chemotherapy was added for patients
with a negative test result, resulted in 1.369 QALYs and €247,347 in
costs. This means that the biomarker strategy resulted in an
increase of 0.527 QALY at a cost increase of €140,426. This trans-
lates to an incremental cost-effectiveness ratio of €266,264 per
QALY gained. This is not deemed cost-effective with a WTP of
€80,000 per QALY gained. All other scenarios also resulted in a
QALY gained at extra costs (Table 3), resulting in ICERs above the
WTP threshold.

Sensitivity analysis was performed in all groups in the scenario
with 75 percent sensitivity and 75 percent specificity. The impact of

uncertain input values was assessed by varying these input values in
deterministic sensitivity analyses. First, the assumption regarding
the 5.4 months average survival after progression was assessed.
Changing this input value over 50 percent–150 percent of its
original value did not alter any conclusions. Utility values in the
progression and response states were also varied. Varying this
between 50 percent of its original value and 1 percent did not alter
any conclusions. Varying medication duration (different from the
baseline assumption which was medication until progression)
could have an impact on the group with PD-L1 > 50 percent. When
immunotherapy and immunochemotherapy have the same total
therapy duration the biomarker strategy in the PD-L1 > 50 percent
group 1 was cost-effective. Results are shown in Supplementary
Material E.

Discussion

Immunotherapy with immune checkpoint inhibitors (ICI) has
become a standard treatment for advanced NSCLC patients, for
whom, in many cases, little other treatment options are available.
However, treatment is only effective in some patients and the high
cost of treatment is of concern as healthcare budgets are limited.
Therefore, it is important to assess strategies that can improve the
cost-effectiveness of treatments in this patient group. In this study,
we performed an earlyHTA analysis to assess if applyinga biomarker
strategy to guide treatment selection is potentially cost-effective.
Previously, multiple studies have assessed the cost-effectiveness
of biomarker testing for targetable mutations in NSCLC (26). As
far as we know, this is the first assessment of the potential value of
biomarkers for immunotherapy guidance.

Table 1. Results for PD-L1 < 1% group

Analyses
QALY

difference
Cost

difference ICER

Headroom �0.046 -€30,314 €660,858 saved per
QALY lost

Sens 75%/ spec
75%

�0.081 -€44,497 €549,497 saved per
QALY lost

Sens 90%/ spec
60%

�0.046 -€26,886 €582,709 saved per
QALY lost

Sens 60%/ spec
90%

�0.116 -€62,027 €536,258 saved per
QALY lost

Table 2. Results for PD-L1 1–49% group

Analyses
QALY

difference
Cost

difference ICER

Headroom �0.019 -€24,103 €1,302,190 saved per
QALY lost

Sens 75%/ spec
75%

�0.093 -€46,893 €506,507 saved per
QALY lost

Sens 90%/ spec
60%

�0.043 -€25,988 €610,258 saved per
QALY lost

Sens 60%/ spec
90%

�0.140 -€67,799 €475,518 saved per
QALY lost

Table 3. Results for PD-L1 > 50% group

Analyses
QALY

difference
Cost

difference ICER

Headroom +0.527 +€140,426 €266,264 per QALY
gained

Sens 75%/ spec
75%

+0.479 +€137,539 €287,394 per QALY
gained

Sens 90%/ spec
60%

+0.350 +€97,143 €277,832 per QALY
gained

Sens 60%/ spec
90%

+0.608 +€177,953 €292,897 per QALY
gained
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In the standard of care situation patients with a PD-L1 score < 1
percent and between 1–49 percent are treated with immunochem-
otherapy and the results of our modeling assessment indicate that
providing immunotherapy to only those NSCLC patients who are
likely to respond, based on a biomarker test, could potentially save a
significant amount of healthcare costs against a small loss in
QALYs. For these patients, a biomarker test is potentially cost-
effective as the ICER largely exceeds a WTA of €80,000 saved per
QALY lost. Important to note is that the model showed that
omitting immunotherapy in patients with a PD-L1 score < 50
percent is cost-effective even when the biomarker test is of low
accuracy and even at values of 0 percent sensitivity and 0 percent
specificity. This is because immunotherapy, in the manner it is
currently being utilized, and with the costs used in these analyses,
does not seem to be cost-effective (27). However, themodel showed
that increased accuracy of the biomarker test results in improved
cost-effectiveness (higher costs saved per QALY lost).

In addition to testing performance and cost, other factors are
important for the implementation of a test in practice. For instance,
the test should allow for the results to be available in a timely
manner. It is particularly beneficial if the test can be conducted
on samples or tissues that are readily available through minimally
invasive methods. Therefore, a test based on peripheral blood
would be preferable over a test requiring tumor tissue. Also, because
the heterogeneity of tumor tissue may be of concern for, for
example, the determination of PD-L1 expression (28).

For patients with a PD-L1 score ≥ 50 percent, a considerable
QALY gain can potentially be realized by adding chemotherapy for
those patients who are unlikely to respond to immunotherapy
alone. However, this comes at a significant increase in costs. Using
a biomarker to guide treatment in this way might help to improve
outcomes in cases where immunotherapy alone will likely not be
effective, but this appears not to be cost-effective. In the model, it
was assumed that increased survival would result in a longer use of
these combined therapeutics, which resulted in a lower cost-
effectiveness ratio for the biomarker test. If increased survival on
immunochemotherapy would not extend the duration of therapy,
the biomarker strategy could become cost-effective, as was shown
in the sensitivity analyses. Also, a reduction in costs of (especially)
immunotherapy could result in a cost-effective scenario of a bio-
marker in the PD-L1 ≥ 50 percent group. Under these conditions,
developing a biomarker for this group can still be of interest.

In a decision analytical model, and especially in early HTA,
several assumptions have to be made, resulting in some limitations
to the study. First, we had to choose a definition for response. We
used 12 months of PFS as the definition, which was a subjective
choice. However, we assessed shorter time horizons of PFS (e.g.,
3 months of PFS), and did this not change the conclusions of the
analyses. Second, we had to make assumptions regarding progres-
sion and mortality of responders after twelve months. We assumed
that all patients who “lost PFS” (based on the reduction of PFS) after
12 months were progressive, which ignores death due to other
causes during this period. As mortality due to advanced NSCLC
is high, this probably did not have a major effect on the outcomes.
Third, we also had to assume the survival of patients after progres-
sion (either within the first 12 months or after the first 12 months).
Based on the available literature, we assumed that patients had an
average survival of 5.4 months, which might be an underestimation
considering the overall survival from other studies. Sensitivity
analyses showed, however, that this assumption does not seem to
impact overall conclusions of the model, as the conclusions did not
change even with an average of 10 months of postprogression

survival. Fourth, no study is available that directly compared the
outcomes of patients with PD-L1 > 50 percent on immunotherapy
and immunochemotherapy. We therefore had to use a hazard ratio
from an indirect meta-analysis, which makes the outcome of this
analysis more uncertain. Fourth, costs are based on Dutch health-
care costs, which may not necessarily apply to other countries.
However, our model and inputs may be modified to explore the
situation in different healthcare settings.

Immunochemotherapy is often the treatment of choice for
patients with PD-L1 < 1 percent and 1–49 percent. Introduction
of a biomarker strategy in which patients are not treated with
immunotherapy based on a predictive test will most likely result
in omitting immunotherapy for some patients who could have
benefited. As a result, the modeling shows these strategies result in
small losses in QALYs even at high sensitivity. From both the
patient’s and physician’s standpoint, this may be problematic as
even small probabilities of responsemight be hard to withhold from
patients. On the other hand, there will likely exist a threshold at
which physicians, and even patients, would withhold from therapy.
Potentially this could be the case when considering shorter time
intervals for the definition of response, for example, using 3 months
PFS instead of 12 months. When implementing biomarker-guided
treatment, this threshold (including the definition of response)must
be further explored. On the other hand, it is important to discuss the
potential cost-effectiveness of patient selection and the option of
including strategies with high cost savings at the expense of a small
reduction in the number ofQALYs. Especially considering the rising
costs of healthcare and the concerns of its affordability.

In addition to the strategies discussed above, other biomarker
strategies may be envisaged that have a beneficial health impact as
well as acceptable cost-effectiveness. For example, a positive pre-
dictive test may treat patients with low PD-L1 expression with
immunotherapy instead of immunochemotherapy. Also, new
(immuno)therapy options for advanced NSCLC patients will
emerge, such as combined CTLA4 and PD1 checkpoint blockers,
and predictive biomarkers can be useful in deciding which patients
should receive these new alternatives and for which patients the
current immunotherapy is likely to suffice. A predictive biomarker
may also be used as an additional tool to help decide if a patient
should receive immunotherapy in the context of other clinical and
laboratory findings.

In conclusion, in this early HTA, some potential new strategies
for using a biomarker test for response prediction were assessed.
Other additional strategies are also possible, and this analysis could
serve as an example for assessing these new biomarker strategies in
the future. For example, a strategy in which a combination of
immunotherapies is provided based on the results of a biomarker
test could be explored. Furthermore, this study can be used as an
example to guide optimal cut-off points for biomarker tests. This
early HTA can be used to guide decisions in the research and
development of tests that are able to predict the response to
immunotherapy. In later stages of development of such tests, more
extensive (sensitivity) analyses of cost-effectiveness should be per-
formed to guide treatment decisions.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/S0266462325100317.

Acknowledgments. The authors want to thank Stephan Kops for providing
insights in the current treatment pathways of advanced lung cancer.

Funding statement. The work was financially supported by Pamgene Inter-
national B.V.

International Journal of Technology Assessment in Health Care 7

https://doi.org/10.1017/S0266462325100317
Downloaded from https://www.cambridge.org/core. IP address: 13.201.136.108, on 06 Oct 2025 at 17:48:09, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

http://doi.org/10.1017/S0266462325100317
https://doi.org/10.1017/S0266462325100317
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


Competing interest. Tim Govers is currently the CEO of Medip Analytics.
Medip Analytics performs consultancy work for Pamgene International
B.V. Tim Govers was employee of the Radboudumc at the time of the analyses.
Rik deWijn is an employee of Pamgene International B.V. other authors declare
no conflict of interest.

References

1. Arbour KC,Riely GJ. Systemic therapy for locally advanced andmetastatic
non-small cell lung cancer: A review. JAMA. 2019;322(8):764–774.

2. Corke L, Sacher A.New strategies and combinations to improve outcomes
in immunotherapy in metastatic non-small-cell lung cancer. Curr Oncol.
2021;29(1):38–55.

3. Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel JJ,
et al. Cancer immunology. Mutational landscape determines sensitivity to
PD-1 blockade in non-small cell lung cancer. Science. 2015;348(6230):
124–128.

4. Gandhi L,Rodriguez-Abreu D,Gadgeel S, Esteban E, Felip E,DeAngelis
F, et al. Pembrolizumab plus chemotherapy in metastatic non-small-cell
lung cancer. N Engl J Med. 2018;378(22):2078–2092.

5. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fulop A,
et al. Five-year outcomes with pembrolizumab versus chemotherapy for
metastatic non-small-cell lung cancer with PD-L1 tumor proportion score
>/= 50. J Clin Oncol. 2021;39(21):2339–2349.

6. Jorgensen JT. An update on companion and complementary diagnostic
assays for PD-1/PD-L1 checkpoint inhibitors in NSCLC. Expert Rev Mol
Diagn. 2021;21(5):445–454.

7. Niu M, Yi M, Li N, Luo S,Wu K. Predictive biomarkers of anti-PD-1/PD-
L1 therapy in NSCLC. Exp Hematol Oncol. 2021;10(1):18.

8. Cristescu R, Aurora-Garg D, Albright A, Xu L, Liu XQ, Loboda A, et al.
Tumor mutational burden predicts the efficacy of pembrolizumab mono-
therapy: A pan-tumor retrospective analysis of participants with advanced
solid tumors. J Immunother Cancer. 2022;10(1).

9. Hurkmans DP, Verdegaal EME, Hogan SA, de Wijn R, Hovestad L, van
den Heuvel DMA, et al. Blood-based kinase activity profiling: A potential
predictor of response to immune checkpoint inhibition in metastatic can-
cer. J Immunother Cancer. 2020;8(2).

10. Grutters JPC, Govers T,Nijboer J, Tummers M, van der Wilt GJ, Rovers
MM. Problems and promises of health technologies: The role of early health
economic modeling. Int J Health Policy Manag. 2019;8(10):575–582.

11. Grutters JPC,Govers TM,Nijboer J,TummersM, van derWilt GJ,Rovers
MM. Exploratory, participatory and iterative assessment of value: a response
to recent commentaries. Int J Health Policy Manag. 2021;10(1):42–44.

12. Borghaei H, Langer CJ, Paz-Ares L, Rodriguez-Abreu D, Halmos B,
Garassino MC, et al. Pembrolizumab plus chemotherapy versus chemo-
therapy alone in patients with advanced non-small cell lung cancer without
tumor PD-L1 expression: A pooled analysis of 3 randomized controlled
trials. Cancer. 2020;126(22):4867–4877.

13. Gadgeel S, Rodriguez-Abreu D, Speranza G, Esteban E, Felip E,Domine
M, et al. Updated analysis fromKEYNOTE-189: Pembrolizumab or placebo
plus pemetrexed and platinum for previously untreated metastatic

nonsquamous non-small-cell lung cancer. J Clin Oncol. 2020;38(14):
1505–1517.

14. Li L, Xu F, Chen Y, Ren X, Liu Y, Chen Y, et al. Indirect comparison
between immunotherapy alone and immunotherapy plus chemotherapy as
first-line treatment for advanced non-small cell lung cancer: A systematic
review. BMJ Open. 2020;10(11):e034010.

15. Richtlijn Niet-kleincellig longcarcinoom: Federatie Medisch Specialis-
ten. 2020.

16. Hendriks LE,Kerr KM,Menis J,Mok TS,Nestle U, Passaro A, et al. Non-
oncogene-addicted metastatic non-small-cell lung cancer: ESMO clinical
practice guideline for diagnosis, treatment and follow-up. Ann Oncol. 2023;
34(4):358–376.

17. Mok TSK, Wu YL, Kudaba I, Kowalski DM, Cho BC, Turna HZ, et al.
Pembrolizumab versus chemotherapy for previously untreated, PD-L1-ex-
pressing, locally advanced or metastatic non-small-cell lung cancer
(KEYNOTE-042): A randomised, open-label, controlled, phase 3 trial.
Lancet. 2019;393(10183):1819–1830.

18. Hayashi H, Okamoto I, Morita S, Taguri M, Nakagawa K. Postprogres-
sion survival for first-line chemotherapy of patients with advanced non-
small-cell lung cancer. Ann Oncol. 2012;23(6):1537–1541.

19. Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW.
Methods for the economic evaluation of health care programmes. Oxford
University Press; 2015.

20. Hakkaart-Van Roijen L, Linden van der NB, Kanters T, Swan Tan S.
Kostenhandleiding: Methodologie van kostenonderzoek en referentieprijzen
voor economische evaluaties in de gezondheidszorg. 2015.

21. Nafees B, Stafford M, Gavriel S, Bhalla S,Watkins J.Health state utilities
for non small cell lung cancer. Health Qual Life Outcome. 2008;6:84.

22. Westwood M, Joore M, Whiting P, van Asselt T, Ramaekers B, Arm-
strong N, et al. Epidermal growth factor receptor tyrosine kinase (EGFR-
TK) mutation testing in adults with locally advanced or metastatic non-
small cell lung cancer: A systematic review and cost-effectiveness analysis.
Health Technol Assess. 2014;18(32):1–166.

23. Chronic obstructive disease in over 16s: diagnosis and management. NICE
Guideline; Published: 2018.

24. Doyle S, Lloyd A, Walker M. Health state utility scores in advanced non-
small cell lung cancer. Lung Cancer. 2008;62(3):374–380.

25. Handorf EA, McElligott S, Vachani A, Langer CJ, Bristol Demeter M,
Armstrong K, et al. Cost effectiveness of personalized therapy for first-line
treatment of stage IV and recurrent incurable adenocarcinoma of the lung. J
Oncol Pract. 2012;8(5):267–274.

26. Zheng Y, Vioix H, Liu FX, Singh B, Sharma S, Sharda D. Diagnostic and
economic value of biomarker testing for targetable mutations in non-small-
cell lung cancer: A literature review. Future Oncol. 2022;18(4):505–518.

27. Farmacotherapeutisch Kompas. 2022. Available from: https://www.farma
cotherapeutischkompas.nl/

28. Di Federico A, Alden SL, Smithy JW, Ricciuti B, Alessi JV,Wang X et al.
Intrapatient variation in PD-L1 expression and tumor mutational burden
and the impact on outcomes to immune checkpoint inhibitor therapy in
patients with nonsmall-cell lung cancer. Ann Oncol. 2024;35(10):902–913.
https://doi.org/10.1016/j.annonc.2024.06.014. Epub 2024 Jun 29.

8 Govers et al.

https://doi.org/10.1017/S0266462325100317
Downloaded from https://www.cambridge.org/core. IP address: 13.201.136.108, on 06 Oct 2025 at 17:48:09, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://www.farmacotherapeutischkompas.nl/
https://www.farmacotherapeutischkompas.nl/
https://doi.org/10.1016/j.annonc.2024.06.014
https://doi.org/10.1017/S0266462325100317
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

	Predicting response to immunotherapy in lung cancer: an early HTA of predictive tests
	Introduction
	Methods
	Target population and comparison
	Current standard of care
	Strategies including biomarkers
	Model structure
	Response
	Nonresponders: progression and death in first 12months
	Disease progression after 12months
	Utilities
	Costs
	Analyses

	Results
	PD-L11 percent group
	PD-L1 1 percent-49 percent group
	PD-L150 percent group

	Discussion
	Supplementary material
	Acknowledgments
	Funding statement
	Competing interest
	References


