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ABSTRACT

Introduction: The aim of the current study is to
estimate the cost-effectiveness of adjuvant
treatment with nivolumab relative to clinically
relevant comparators in adult patients with
melanoma with lymph node involvement or
metastatic disease who have undergone com-
plete resection from a French societal
perspective.
Methods: The comparators were observation,
low-dose interferon and pembrolizumab. A
subgroup analysis was carried out in patients

with BRAF mutation, adding dabrafenib plus
trametinib. A three-state partitioned survival
model was developed to project costs and
health benefits over a 20-year time horizon.
Extrapolation for recurrence-free survival (RFS)
and overall survival (OS) was carried out using
spline-based models. Because of the immaturity
of OS data in pivotal trials for nivolumab and
pembrolizumab, a predictive model of OS
treatment effect based on RFS effect was devel-
oped using a correlation equation. Health state
utilities and adverse events disutilities were
derived from the CheckMate 238 trial and lit-
erature. Costs were estimated in 2019 euros. The
model’s primary outcome was efficiency fron-
tier. Deterministic and probabilistic sensitivity
analyses were conducted to assess the robust-
ness of results.
Results: Observation, low-dose interferon and
nivolumab were on the efficiency frontier. The
incremental cost–utility ratio of nivolumab
versus low-dose interferon (closest therapy on
the efficiency frontier) was €37,886/quality-ad-
justed life year (QALY). Probabilistic sensitivity
analysis reported an 80% probability of nivolu-
mab being a cost-effective strategy for a will-
ingness-to-pay threshold of €52,000/QALY. In
the subgroup with BRAF mutation, the effi-
ciency frontier was not changed by the addition
of dabrafenib plus trametinib.
Conclusions: Nivolumab is a cost-effective
strategy as adjuvant treatment in adult patients
with surgically resected melanoma in France.
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Key Summary Points

From a French societal perspective,
nivolumab is a cost-effective treatment
option in adult patients with melanoma
with lymph node involvement or
metastatic disease who have undergone
complete resection.

Nivolumab was found on the efficiency
frontier with observation and low-dose
interferon. The incremental cost–utility
ratio of nivolumab versus low-dose
interferon was €37,886/quality-adjusted
life year.

There was an 80% probability of
nivolumab being a cost-effective strategy
for a willingness-to-pay threshold of
€52,000/quality-adjusted life year.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12911369.

INTRODUCTION

Melanoma is an aggressive form of cancer with
poor prognosis. According to the World Health
Organization, 132,000 new cases of melanoma
are diagnosed annually worldwide [1]. In France
alone, more than 15,000 new cases of mela-
noma were diagnosed in 2017, with an esti-
mated 1783 deaths [2]. Melanoma is usually
diagnosed at an early stage [3]. The severity of
the disease depends on its evolution and its
metastatic potential. In patients who present a

nodal involvement (stage III), there is a high
probability of developing distant metastases [4].

The standard treatment for melanoma is
surgical resection. After surgery, few patients
receive adjuvant treatment as limited thera-
peutic options are available. One available
option is interferon, which has modest efficacy
and is associated with dose-limiting toxicity,
including flu-like syndrome [5, 6]. Immune
checkpoint inhibitors and targeted therapies
have recently demonstrated efficacy as adjuvant
therapies for patients with resected high-risk
melanoma [7–11]. Among these therapies, the
programmed death-1 (PD-1) inhibitors nivolu-
mab, for resected stage III/IV melanoma, and
pembrolizumab, for resected stage III mela-
noma, were approved by the European Medici-
nes Agency (EMA) in 2018 based on recurrence-
free survival (RFS) benefits in phase 3 trials
[12, 13]. Dabrafenib plus trametinib, a BRAF/
MEK inhibitor combination therapy, was
approved by the EMA in 2019 for resected stage
III melanoma with BRAF V600 mutation [14].

In the CheckMate 238 trial (NCT02388906)
[11], nivolumab demonstrated significant
improvement in the primary endpoint of RFS
versus ipilimumab [hazard ratio (HR) 0.66, 95%
confidence interval (CI) 0.54–0.81] after an
interim follow-up of at least 24 months. How-
ever, the secondary endpoint of overall survival
(OS) was immature for an assessment after the
24-month follow-up.

It will be critical for health technology
assessment agencies to estimate the clinical and
economic value of nivolumab within the pro-
cess of reimbursement decision. Whilst nivolu-
mab cost-effectiveness in the treatment of
advanced melanoma has been the subject of
several trials [15–18], little information has
been published on its cost-effectiveness as
adjuvant treatment.

The objective of this analysis is to estimate
the cost-effectiveness of nivolumab versus clin-
ically relevant comparators in adult patients
with melanoma with lymph node involvement
or metastatic disease who have undergone
complete resection from a French societal per-
spective, in compliance with the methodologi-
cal guidelines published by the Haute Autorité
de Santé (HAS) in France [19]. The analysis
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followed the guideline recommendations pub-
lished by the Commission d’Évaluation Écono-
mique et de Santé Publique (CEESP) [20, 21].
The required outcome criteria for the reference
case were an efficiency frontier and the calcu-
lation of an incremental cost-effectiveness ratio
for non-dominated interventions, as reported
previously [22, 23]. The analysis estimated
nivolumab cost–utility in the overall popula-
tion and in a subgroup of patients with BRAF
mutation.

METHODS

Population of Analysis

Two populations were considered in the analy-
sis: the overall population corresponding to the
patients enrolled in the CheckMate 238 trial
[11] and a subgroup consisting of patients with
BRAF mutation.

Comparators

Based on clinical recommendations [24, 25],
approved indications and clinical practice in
France [26, 27], the comparators for the overall
population were nivolumab, observation, low-
dose interferon and pembrolizumab. Dabrafe-
nib plus trametinib was also included in the
subgroup with BRAF mutation. Ipilimumab,
which was approved in the USA as adjuvant
treatment based on the European Organisation
for Research and Treatment of Cancer (EORTC)
18071 trial [7], was not selected as it was not
approved in the EU at the time of analysis, but
was used as connecting therapy in indirect
comparisons.

Model Overview

A three-state partitioned survival model was
developed to evaluate the cost–utility of nivo-
lumab relative to the comparators. The model
was developed in Microsoft Excel 2016. The
Visual Basic code was used to execute iterations
needed for probabilistic sensitivity analysis
(PSA) and deterministic sensitivity analysis

(DSA). The three distinct and mutually exclu-
sive states were RFS, post-recurrence survival
(PRS) and death, which represent the main
stages of the disease in adult patients with
resected melanoma. Thus, patients enter the
model after complete resection (the RFS state),
from which they can either enter the PRS state
or the absorbing state (death). The proportion
of patients in the PRS state was derived as the
difference between the OS and RFS curves at
each time point (Fig. 1). This approach was used
to calculate the area under the RFS curves based
on data from EORTC 18071 [7] and extrapolated
over a maximum 20-year time horizon. After
selection of a base case distribution model for
extrapolating RFS and OS, which was chosen by
the best fitting (statistical fit) survival distribu-
tion, HRs of indirect comparisons were then
applied to generate survival extrapolation
curves for comparators using observation as
reference treatment.

The proportions of patients in each health
state were calculated with regular 28-day
(4 week) cycles, consistent with the various fre-
quencies of administration of comparators, over
the time horizon of 20 years. A half-cycle cor-
rection was also applied to improve the preci-
sion of estimations in each health state.

Systematic Literature Review and Network
Metaanalysis (NMA)

A systematic literature review was conducted
with the objective of identifying randomized
clinical trials evaluating efficacy, safety and
quality of life of adjuvant treatments for mela-
noma in patients who had undergone complete
resection. An NMA was then performed to esti-
mate the HRs for RFS and OS. The NMA of
reported HRs assumed proportional hazards
between treatments and was performed using a
regression model with a contrast-based normal
likelihood for the log HR of each trial in the
network. The analyses included fixed and time-
varying effects. The description of how the HRs
from the NMA were used in the model is in
section ‘‘Survival Extrapolation’’.
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Modelling RFS to OS in CheckMate 238

In the absence of OS data at the 24-month fol-
low-up in CheckMate 238, a predictive model of
OS using RFS was developed for the adjuvant
treatment of melanoma [28, 29]. This model
used the technique developed by Burzykowski
et al. [30, 31], which enables calculation of a
predictive HROS (nivolumab versus observation)
using the HRRFS (nivolumab versus observation)
estimated by the NMA. The same method was
used to generate HROS (pembrolizumab versus
observation). A literature review of trials of
adjuvant treatment in melanoma that reported
both RFS and OS was used to populate the
model. A linear regression model was fitted
through the treatment effects on RFS and OS
estimated with adjustment for the measure-
ment error of these estimates and was used to
develop the following correlation equation:

HROS ¼ exp : �0:0049 þ 0:7925 � Log HRRFSð Þð Þ:

The HRRFS was entered into the above
correlation equation to estimate the final HROS

for nivolumab and pembrolizumab versus
observation. The correlation equation
developed by Siciu et al. [29] successfully
predicted the HROS of ipilimumab versus
placebo in EORTC 18071 [7].

Survival Extrapolation

The observation (reference), RFS and OS curves
were informed by the placebo arm in EORTC
18071 [7]; this trial had a minimum follow-up
of 5.3 years, during which 68% of patients had
recurrence events and 45% of patients died.
Standard parametric and spline distributions
were tested and fitted to the observation curves
using Akaike information criterion (AIC)/Baye-
sian information criterion (BIC) statistics. The
selection method of parametric distribution
used the technical guideline developed for the
National Institute for Health and Care Excel-
lence [32]. The distributions offering optimal fit
with the observation curves were spline two-
knots hazards for RFS and spline one-knot nor-
mal for OS. HRs from indirect comparisons were

Fig. 1 Graphical representation of three-state survival model. OS overall survival, PFS post-recurrence survival, RFS
recurrence-free survival, S survival function (survival % against time), t time
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then applied to generate RFS extrapolation
curves for all comparators. HRs from indirect
comparisons were applied to generate OS
extrapolation curves for comparators having OS
data (i.e. low-dose interferon and dabrafenib
plus trametinib for the BRAF mutation sub-
group). For nivolumab and pembrolizumab, the
HROS versus observation was obtained by the
predictive correlation equation and applied to
the observation OS curve.

Other Inputs

Information on other inputs including costs,
utilities and adverse events are summarized in
the Online Resource and Online Resources
Tables 1–6. An annual discount rate of 4% was
applied in the model for costs and health out-
comes, as per HAS guidelines [19].

Model Output

The primary outcome of the model was the
efficiency frontier; as described by Caro et al.
[33], the frontier was presented in an efficiency
plot with costs on the horizontal axis and value
of benefits on the vertical axis. The efficiency
frontier links interventions that are not domi-
nated. The HAS guidelines [19] mentioned that
‘health interventions on the efficiency frontier are
identified as not dominated by an alternative (strict
dominance) or combination of alternatives (ex-
tended dominance). Interventions are ranked in
terms of costs (from the cheapest to the most
expensive). Incremental cost-effectiveness ratios
(ICERs) are then calculated for each intervention,
compared with the next most-expensive, non-domi-
nated option’. Other model outputs included
total and incremental costs, total and incre-
mental life years (LYs), total and incremental
QALYs, ICERs (€/LY) and incremental
cost–utility ratio (ICUR; €/QALY).

Sensitivity Analyses

The robustness of the model was tested through
20 sensitivity scenarios (variations of nivolu-
mab prices minus 2%, minus 7%, minus 20%
and minus 50% from public price to address

CEESP requirement, survival distribution mod-
els, discounting, time horizon, rates of local and
distant recurrences, distribution of subsequent
therapies and utilities).

Specifically, a one-way DSA was undertaken
by varying each parameter by its standard error,
95% CI or ± 10% of the expected value (base
case) based on data availability. Parameters
related to patient characteristics, treatment
efficacy, survival hazard ratios, utility values,
dosing, costs and resource use and adverse
events were included in the one-way DSA.

PSA was used to assess the variation in the
model results from the uncertainty around each
parameter in the model. Model parameters were
sampled from parametric distributions to gen-
erate 1000 estimates of the costs and effects in
each treatment arm. A normal distribution was
applied for costs and resource utilization
parameters, and beta and Dirichlet distributions
were used for utilities and probabilities. Multi-
variate normal distribution with correlation
between curve parameters was used for the
parametric survival models for RFS and OS.
Lognormal distribution was applied for HRs
[34]. Drug acquisition costs were exempt from
the PSA.

Compliance with Ethics Guidelines

Ethical approval was not required as this article
is based on previously conducted studies and
does not contain any studies with human par-
ticipants or animals performed by any of the
authors.

RESULTS

Indirect Comparisons

Relative efficacy results of nivolumab and active
comparators obtained from NMA and correla-
tion equation are presented as HR (95% CI) for
RFS and OS in Online Resource Table 7. The HRs
for both nivolumab and pembrolizumab versus
observation showed significantly higher RFS
and OS than low-dose interferon. Relative effi-
cacy results in the subgroup with BRAF
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mutation obtained from NMA and correlation
equation (OS for nivolumab and pem-
brolizumab) are presented as HR (95% CI) for
RFS and OS in Online Resource Table 8. The HRs
for nivolumab, pembrolizumab and dabrafenib
plus trametinib versus observation showed sig-
nificantly higher RFS and OS than low-dose
interferon. For both populations, the base case
analysis used a constant hazards assumption.

Model Outputs

RFS for adjuvant treatment with nivolumab and
comparators was projected over the 20-year
model time horizon (Fig. 2). This figure showed
that nivolumab produced higher RFS than other
comparators over the model time horizon. Fig-
ure 3 shows the efficiency frontier; observation,
low-dose interferon and nivolumab were on the
frontier, whereas pembrolizumab was domi-
nated (i.e. lower QALYs and higher costs than
nivolumab).

Table 1 presents total life years, QALYs and
costs for each treatment. Nivolumab produced
9.53 LYs and 7.56 QALYs for a total cost of
€139,841, and low-dose interferon produced
8.14 LYs and 6.41 QALYs for a total cost of

€91,672. Pembrolizumab produced 9.37 LYs and
7.53 QALYs for a total cost of €154,133. The
ICUR for nivolumab versus low-dose interferon
was €37,886/QALY in the overall population,
and pembrolizumab was dominated in the cost-
effectiveness analysis.

Table 2 presents the breakdown of costs for
each comparator. Treatment costs represented
35% of total costs for nivolumab, 43% for
pembrolizumab and 4% for low-dose interferon.
Subsequent treatment costs (as a percentage of
total costs) were higher in the observation arm
than in the nivolumab arm (53% versus 26%,
respectively), reflecting higher disease recur-
rence to advanced stages relative to nivolumab.
Online Resource Fig. 1 shows the efficiency
frontier for the subgroup with BRAF mutation.
Table 3 presents total life years, QALYs and costs
for each comparator in this subgroup. The ICUR
for nivolumab versus low-dose interferon was
€37,871/QALY. Pembrolizumab was dominated,
and dabrafenib plus trametinib was under gen-
eralized dominance (i.e. ICUR for dabrafenib
plus trametinib versus low-dose interferon was
higher than the ICUR for nivolumab versus low-
dose interferon) in the cost-effectiveness analy-
sis for the subgroup with BRAF mutation.

Fig. 2 RFS modelled for base case population (fixed effects HRs). HR hazard ratio, RFS recurrence-free survival
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One-Way DSA—Overall Population

DSA results for nivolumab versus low-dose
interferon are shown in a tornado diagram
(Online Resource Fig. 2). Sensitivity analyses are
presented with the 10 first parameters influ-
encing the cost–utility results. The DSA indi-
cated that the ICUR was most sensitive to
parameters of constant HR for nivolumab versus
observation in RFS and discount rate for QALYs,
with ICUR values ranging from €26,216/QALY
to €68,016/QALY. The RFS HR is the biggest
driver, as it is also used in the correlation
equation to derive nivolumab and pem-
brolizumab OS.

PSA—Overall Population

Based on 1000 iterations of the PSA, the average
incremental cost was €46,542 and the average
incremental QALY gain was 1.27 for nivolumab
versus low-dose interferon. The PSA resulted in
a probabilistic ICUR of €36,576/QALY for nivo-
lumab versus low-dose interferon, representing
a 3% deviation from the deterministic ICUR of
€37,886/QALY.

Online Resource Fig. 3 shows the cost-effec-
tiveness plane of nivolumab versus low-dose
interferon. It shows that all iterations were
found in the same quadrant. Figure 4 shows the
cost-effectiveness acceptability curve (CEAC) for

Fig. 3 Efficiency (cost-effectiveness) frontier for base case analysis in overall population. QALY quality-adjusted life year

Table 1 Cost-effectiveness results in overall population (model output)

Comparator Total
costs (€)

Total
LYs

Total
QALYs

Incremental
costs (€)

Incremental
LYs

ICER (€/LY) Incremental
QALYs

ICUR (€/QALY)

Observation 85,011 7.84 6.18 — — —

Low-dose
interferon

91,672 8.14 6.41 6661 0.30 21,983 versus observation 0.23 29,010 versus
observation

Nivolumab 139,841 9.53 7.68 48,169 1.39 34,585 versus low-dose interferon 1.27 37,886 versus low-
dose interferon

Pembrolizumab 154,133 9.37 7.53 14,293 -0.17 Dominated -0.15 Dominated

ICER incremental cost-effectiveness ratio, ICUR incremental cost–utility ratio, LY life year, QALY quality-adjusted life year
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all comparators. As shown by the CEAC, for a
willingness-to-pay threshold of €52,000/QALY,
nivolumab had a probability higher than 80%
of maximizing the net benefit.

DISCUSSION

We estimated the cost-effectiveness of nivolu-
mab and comparators from a French societal
perspective. The analysis was performed in
accordance with national guidelines, which
required a comparative analysis taking into
consideration all relevant comparators in an
efficiency frontier approach [19]. As a result, the
analysis was not limited to a standard pairwise
comparison, and the primary outcome of the
analysis, submitted to CEESP as part of the
pricing and reimbursement process, therefore
consisted of establishing an efficiency frontier.

Comparators were selected using national
academic recommendations [25], which
explained why only low-dose interferon was
retained among the various forms of interfer-
ons, on top of observation and recently
approved therapies for the adjuvant treatment
of resected melanoma, i.e. nivolumab, pem-
brolizumab and also dabrafenib plus trametinib
in patients with BRAF mutation.

The results from the economic evaluation
suggested that, over a 20-year time horizon,
nivolumab was a cost-effective strategy for the

treatment of adult patients with resected mela-
noma. In the overall population, therapeutic
strategies on the efficiency frontier consisted of
observation, low-dose interferon and nivolu-
mab, whilst pembrolizumab was strictly domi-
nated. The economic model produced for
nivolumab resulted in 7.68 QALYs for a mean
total cost of €139,841. The ICUR of nivolumab
versus low-dose interferon (the therapeutic
strategy closest on the efficiency frontier) was
€37,886/QALY. Analyses conducted in other
countries achieved lower ICUR levels that may
be primarily explained by their pairwise
approach versus observation [35–37].

In France, decisions for reimbursement are
not based on a willingness-to-pay threshold. In
the French health care system, the ICUR value is
used as a component of the pricing negotiation.
Indeed, earlier studies suggested a theoretical
threshold at a level of three times the national
gross domestic product (GDP) per capita, esti-
mated around €100,000/QALY [38]. The
observed ICUR in the present study was far
below this theoretical threshold.

This study used a partitioned survival mod-
elling approach, which has become a standard
in cost-effectiveness analyses in oncology,
notably for estimating the health benefits of
innovative therapies in the metastatic stages.
Whether it was adapted for earlier stages, such
as for the adjuvant treatment of surgically
resected tumours could be subject to discussion.

Table 2 Breakdown of costs for overall population (model output)

Cost (€) Observation Low-dose interferon Nivolumab Pembrolizumab

Treatment 0 3978 48,707 65,996

Administration 0 1359 10,868 7295

Monitoringa 35,405 36,275 40,716 40,228

Adverse events 0 2447 299 241

Subsequent therapies 45,409 43,584 35,996 37,024

Palliative care 4196 4029 3257 3349

Total 85,011 91,672 139,841 154,133

All costs correspond to 2019 values
a Monitoring costs included follow-up and transportation costs
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Indeed, another study recently published for
the adjuvant treatment of melanoma [35] used a
Markov state transition model. The choice
between both modelling approaches was further
reviewed by Smare et al. [39], using the treat-
ment of metastatic renal cell carcinoma as ref-
erence, who concluded that differences in the
assumptions underlying the choice of model
structure are likely to produce different esti-
mates of QALY gains. Finally, a more specific
response to this question for the adjuvant

treatment of resected melanoma was provided
by some health technology assessment apprai-
sals published in the UK by the National Insti-
tute for Health and Care Excellence [36] and in
Scotland by the Scottish Medicines Consortium
[37]. In these appraisals of nivolumab as adju-
vant treatment of resected melanoma, both
partitioned survival and Markov modelling
approaches were reviewed; it appeared that the
ICUR for nivolumab versus observation was
similar, thus suggesting that the choice of

Table 3 Cost-effectiveness results in subgroup with BRAF mutation (model output)

Comparator Total
costs (€)

Total
LYs

Total
QALYs

Incremental
costs (€)

Incremental
LYs

ICER (€/LY) Incremental
QALYs

ICUR (€/QALY)

Observation 120,411 7.87 6.20

Low-dose
interferon

126,362 8.17 6.42 5951 0.30 19,546 versus
observation

0.22 26,845 versus
observation

Nivolumab 169,381 9.40 7.56 43,018 1.23 34,881 versus low-
dose interferon

1.14 37,871 versus low-
dose interferon

Pembrolizumab 183,307 9.40 7.55 13,926 0.00 Dominated –0.01 Dominated

Dabrafenib plus
trametinib

293,234 9.84 7.78 109,927 0.43 Extendedly
dominated

0.23 Extendedly
dominated

All costs correspond to 2019 values
ICER incremental cost-effectiveness ratio, ICUR incremental cost–utility ratio, LY life year, QALY quality-adjusted life year

Fig. 4 Cost-effectiveness acceptability curve for all comparators. WTP willingness to pay
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model had limited impact on the outcome of
the economic analysis.

Another key finding of this study was that
nivolumab strictly dominated pembrolizumab.
This could be explained by two factors. First, in
terms of health benefits, the results for RFS
estimated by the NMA reported a slightly more
favourable HR for nivolumab versus observation
than for pembrolizumab, with an estimated 8%
difference. A similar result was then found for
OS, with the HRs versus observation projected
through the correlation equation. Conse-
quently, the model simulated more life years for
nivolumab, with 2% more QALYs (7.68 QALYs
for nivolumab and 7.53 QALYs for pem-
brolizumab). Overall, both anti-PD-1s had very
similar health benefits. Second, the treatment
costs for pembrolizumab were higher than for
nivolumab. As previously noted, these costs
were the key driver of total costs, as all other
costs were similar between the two anti-PD-1s;
therefore, estimated mean total costs were 12%
higher for pembrolizumab than for nivolumab.

In the subgroup with BRAF mutation, dab-
rafenib plus trametinib combination therapy
was added to the comparators. The components
of the efficiency frontier were not changed.
Dabrafenib plus trametinib was under extended
dominance. In the analysis presented here, the
indirect comparison used a constant hazards
assumption, which appeared to be conservative
for nivolumab. Dabrafenib plus trametinib had
higher treatment costs than nivolumab. The
ICUR of nivolumab versus low-dose interferon
was €37,871/QALY, representing a negligible
difference with the ICUR of nivolumab versus
low-dose interferon in the overall population.

This study has several limitations. First, OS
data were immature for nivolumab and pem-
brolizumab from the respective pivotal trials
CheckMate 238 and KEYNOTE-054 and were
not available for this analysis. This required use
of surrogacy approaches, such as the correlation
equation. This equation could, however, be
validated externally by observing that it suc-
cessfully predicted the HROS of ipilimumab
versus placebo in EORTC 18071 [7].

Immature survival data are common in
studies conducted in earlier stages of cancer,
and it is likely that with innovative treatment

options for resected melanoma (and other
tumours), the likelihood of having immature
OS data, in either a clinical trial setting or real-
life setting, will be increasing in the future. This
highlights the need for further developing sur-
rogate measures for economic analyses in early
stages of cancer.

Another limitation is the uncertainty on key
outcomes relative to the therapies used to treat
patients with distant metastatic recurrences.
One key question for which the medical com-
munity has few published recommendations to
date is whether patients who receive an inno-
vative adjuvant therapy for resected melanoma
could be re-treated by the same therapy or the
same therapeutic class after metastatic recur-
rence. Depending on the differences in the
timing of local/regional recurrence, the clini-
cian’s choice of therapy after metastatic recur-
rence may impact OS.

The modelling approach used as reference
for survival was extrapolated from the placebo
arm of EORTC 18071 [7]. The re-treatment
options available when this study was con-
ducted may not reflect newer therapies used for
metastatic melanoma.

Lastly, the national guidelines did not rec-
ommend the inclusion of indirect costs in the
analysis; therefore, the impact on work pro-
ductivity loss or caregiver burden is unknown.
The analysis does, however, consider trans-
portation cost for intravenous administration of
therapies and for management of adverse
events.

Further research is needed to estimate cost-
effectiveness of adjuvant therapies, in particular
when OS data from clinical trials or the real-
world setting are mature or available.

CONCLUSIONS

The results of this economic analysis suggest
that, from a French societal perspective, nivo-
lumab is a cost-effective treatment strategy in
adult patients with resected melanoma. The
ICUR for nivolumab versus low-dose interferon
was €37,886/QALY in the overall population.
The therapeutic strategy of treating patients
with nivolumab reached a probability of 80% of
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maximizing the net benefit of a willingness-to-
pay threshold of €52,000/QALY.
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