
Vol.:(0123456789)

PharmacoEconomics 
https://doi.org/10.1007/s40273-023-01305-3

ORIGINAL RESEARCH ARTICLE

Cost Effectiveness and Budget Impact of Nivolumab Plus Ipilimumab 
Versus Platinum Plus Pemetrexed (with and Without Bevacizumab) 
in Patients with Unresectable Malignant Pleural Mesothelioma 
in Switzerland

Michaela Carla Barbier1   · Alicia Fengler2 · Esther Pardo2 · Arjun Bhadhuri1 · Niklaus Meier1 · Oliver Gautschi2,3

Accepted: 18 July 2023 
© The Author(s) 2023

Abstract
Background  Malignant pleural mesotheliomas (MPMs) are aggressive and often unresectable. In the past, chemotherapy 
was the standard for palliative treatment. However, immunotherapy with nivolumab+ipilimumab has recently received 
marketing approval.
Objectives  This study evaluated the cost effectiveness of nivolumab+ipilimumab versus pemetrexed+platinum (with/without 
bevacizumab) for Swiss patients with unresectable MPM, overall and by histological subtype.
Methods  We developed a three-state Markov cohort model with a cycle length of 1 month, a 30-year time horizon, and a 
discount rate of 3% per year for costs and benefits. The model included the updated survival and treatment-dependent utility 
results from the Checkmate-743 and MAPS registration trials. A Swiss statutory health insurance perspective was considered 
with unit costs for 2022 from publicly available and real-world sources. We assumed a willingness-to-pay (WTP) threshold 
of CHF100,000/QALY. Model robustness was explored in sensitivity and scenario analyses.
Results  Compared with chemotherapy, nivolumab+ipilimumab incurred additional costs of CHF109,115 and 0.57 addi-
tional quality-adjusted life-years (QALYs), yielding an incremental cost-effectiveness ratio (ICER) of CHF192,585/QALY 
(i.e. USD201,829/QALY) gained. Relative to their 2022 list price, nivolumab+ipilimumab may be cost effective if priced 
at 48% across all histologies. Assuming cisplatin-based instead of carboplatin-based chemotherapy reduced the ICER to 
CHF158,911/QALY (i.e. USD166,539/QALY). For the non-epithelioid subtype, nivolumab+ipilimumab was cost effective 
compared with chemotherapy (ICER of CHF97,894/QALY, i.e. USD102,593/QALY). Chemotherapy+bevacizumab was 
often a dominated strategy or would require a bevacizumab cost reduction to 28%.
Conclusions  Our model projected nivolumab+ipilimumab to be cost effective for the non-epithelioid subtype but not for 
all histologies. Substantial discounts for nivolumab+ipilimumab would be necessary to achieve cost effectiveness for all 
histologies.
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1  Introduction

Malignant pleural mesothelioma (MPM) is a rare and highly 
aggressive cancer which affects the mesothelial cells of the 
pleura. Other types of mesothelioma occurring in the abdo-
men (peritoneum), heart (pericardium), or testicles (tunica 
vaginalis) are less common. MPM is often caused by occu-
pational asbestos exposure. Latency is between 20 and 50 
years [1]. Therefore, MPM mostly affects elderly, frail, and 
medically inoperable patients [2].

MPM can be categorized into different histological sub-
types: epithelioid (60%) and non-epithelioid (40%), the 
latter incorporating sarcomatoid/desmoplastic, mixed/
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Key Points 

Nivolumab plus ipilimumab have been approved for the 
treatment of unresectable malignant pleural mesothe-
lioma (MPM). We assessed whether ipilimumab plus 
nivolumab is cost effective in comparison to chemo-
therapy with and without bevacizumab from a Swiss 
statutory health insurance perspective.

Ipilimumab and nivolumab resulted in increased costs 
of CHF 109,115 (USD 114,353) and 0.57 additional 
quality-adjusted life years (QALYs) compared with 
chemotherapy, yielding an incremental cost-effectiveness 
ratio (ICER) of CHF 192,585 (USD 201,829) per QALY 
gained. Only for the subgroup of patients with non-
epithelioid MPM, we found ipilimumab plus nivolumab 
to be cost effective in comparison to chemotherapy at 
current list prices.

Substantial rebates (to 48% of their current list prices) 
would be necessary to make nivolumab plus ipilimumab 
cost effective for all MPM histologies in Switzerland. 
A rebate strategy was chosen by regulatory authorities 
in the UK and Canada. Other strategies consisted in 
limiting reimbursement to non-epithelioid MPM (Ger-
man authority), or to non-epithelioid MPM or PD-L1 
expression ≥ 1% (Swiss authority). Closer collaboration 
between decision makers could avoid differing labels and 
hidden rebates.

because it can be administered in an outpatient setting, does 
not require hydration, and is less emetogenic.

Bevacizumab, a monoclonal antibody against the vas-
cular endothelial growth factor, enhances the activity 
of chemotherapy against some solid tumours, including 
MPM. In the Mesothelioma Avastin Cisplatin Pemetrexed 
(MAPS) trial [12], bevacizumab plus chemotherapy 
(pemetrexed+platin+bevacizumab) showed superior over-
all survival (OS) and progression-free survival (PFS). It was 
recommended by the European Society for Medical Oncol-
ogy (ESMO) for the treatment of MPM [11]. Although beva-
cizumab is not approved for this indication in Switzerland, 
it is used off-label in some centres, based on the results of 
the MAPS trial [12].

Nivolumab and ipilimumab are immune checkpoint inhib-
itors, targeting programmed death receptor ligand 1 (PD-L1) 
and cytotoxic T-lymphocyte-associated protein 4, respec-
tively. Nivolumab plus ipilimumab (nivolumab+ipilimumab) 
was compared with standard chemotherapy in the phase III 
randomized controlled CheckMate743 (CM-743) trial [5]. It 
prolonged OS, at the expense of higher drug costs and more 
treatment-related serious adverse events (AEs) (15.3% vs 
6%) [5]. The most common AEs were diarrhoea and pruritis, 
while chemotherapy was associated with more nausea, vom-
iting, stomatitis, alopecia, myelosuppression, and infection 
[5, 12, 13].

It was observed that PD-L1 expression (PD-L1  ≥1, 
PD-L1 <1) affects MPM prognosis [1]. In the CM-743 trial, 
nivolumab+ipilimumab was associated with better OS in 
patients with tumour expression of PD-L1 ≥1% compared 
with PD-L1 <1% [2, 13–15]. However, the trial was not 
powered for this subgroup analysis. PD-L1 remains contro-
versial as a predictive marker [4].

R e g a r d l e s s  o f  h i s t o l o g y  a n d  P D - L 1 , 
nivolumab+ipilimumab received marketing authorization 
for MPM by the European Medicines Agency (EMA) and 
the US Food and Drug Administration with positive drug 
reimbursement recommendations, for example, from the 
Canadian Drug and Health Technology Agency (CADTH) 
and the National Institute for Health and Care Excellence 
(NICE) in the United Kingdom (UK) [1, 2, 14, 16]. In con-
trast, the German Institute for Quality and Efficiency in 
Health Care confirmed a considerable additional benefit 
only for non-epithelioid MPM [17], and the Swiss regula-
tory agency Swissmedic limited its label to non-epithelioid 
or PD-L1 positive MPM.

With rising cancer drug prices, independent cost-effec-
tiveness analyses (CEAs) are crucial. Switzerland has the 
third most expensive health spending per capita in the world, 
after the US and Germany [18]. Drug prices in Switzerland, 
defined by the Federal Office of Public Health, are mainly 
based on reference prices from other countries and for simi-
lar drugs. Unlike other authorities, Swiss reimbursement 

biphasic, and the unspecified type [3, 4]. Non-epithelioid 
MPM is less responsive to chemotherapy than epithelioid 
MPM [5].

In 2020, 30,870 new cases and 26,278 deaths related to 
MPM were reported worldwide. The highest incidences 
were seen in Europe (incidence of 44.2%), Asia (incidence 
of 31.5%) and Northern America (incidence of 13.3%) [6]. 
In Switzerland, the peak incidence is projected for 2030, 
with approximately 170 new cases per year (in 8.7 million 
inhabitants) [7]. Common symptoms include breathlessness, 
chest pain, coughing, fatigue, fever, weight loss, and night 
sweats [1, 3].

The burden of MPM to patients and their families is high 
[8]. Patients have poor prognosis, with a mortality of 93% at 
5 years from initial diagnosis [9]. For patients with unresect-
able MPM, no curative treatment options exist [3].

Traditional standard treatment for unresectable MPM is 
palliative chemotherapy with pemetrexed and either cispl-
atin or carboplatin [10, 11]. Cisplatin was preferred in many 
clinical trials, but it requires hydration and must therefore be 
given within an inpatient setting in many centres. Outside 
of clinical protocols, many oncologists prefer carboplatin, 
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authorities do not systematically conduct independent 
CEAs, and there is no official willingness-to-pay (WTP) 
threshold in Switzerland. Next to the abovementioned 
analyses within the framework of national approval appli-
cations, four former CEAs were published by academic 
groups on first-line treatments for unresectable MPM. Two 
from the United States (US) payers’ perspective compared 
nivolumab+ipilimumab with chemotherapy [19, 20]. Two 
other CEAs compared chemotherapy+bevacizumab with 
chemotherapy: one from a Chinese and the other from a 
US payers’ perspective [21, 22]. Out of the four CEAs, only 
the latter one conducted in 2016 reported that the interven-
tion is cost effective, more precisely the addition of bevaci-
zumab to chemotherapy. We are not aware of any CEA for 
MPM in Switzerland, nor of any analysis comparing all three 
treatments simultaneously. Therefore, our objective was to 
evaluate the costs and benefits of all three first-line treat-
ment options (nivolumab+ipilimumab, pemetrexed+platin, 
pemetrexed+platin+bevacizumab) for patients with unre-
sectable MPM and relevant subgroups, and to determine 
their cost effectiveness and 5-year budget impact, based on 
the most recent results from both the CM-743 and MAPS 
trials, from a Swiss statutory health insurance perspective.

2 � Methods

2.1 � Model Overview and Main Outcomes

We developed a 3-state Markov cohort model with mutu-
ally exclusive health states of progression-free disease 
(PFD), progressed disease (PD) and death (D). State 
membership at the end of each model cycle was estimated 
by applying transition probabilities to the state member-
ship at the end of the previous cycle. In our base case, we 
assumed that all patients with unresectable MPM start in 
the PFD state and show tumour progression before they 
die. This is in line with clinical observations. We based 
the calculation of the transition probability from PD to 
death on the OS curve. Since published OS curves are a 
weighted average of OS curves of both healthy and sick 
persons [23], we increased the transition probability of 
death with the help of the proportion of patients being 
alive but having progressed (Supplementary Fig. 1 and 
Supplementary Chapter 1, see electronic supplementary 
material [ESM]).

In a first scenario analysis for the Markov model, we 
allowed patients to die before tumour progression. We 
assumed the same transition probabilities to death from both 
the PFD and the PD state (Supplementary Fig. 2, see ESM). 
In a second scenario analysis, we developed a partitioned 
survival model (PFD, PD, D).

We compared three treatment strategies: the intervention 
strategy of nivolumab+ipilimumab and the comparators 
pemetrexed+platin and pemetrexed+platin+bevacizumab 
(including bevacizumab as maintenance therapy). Patients 
who progressed after receiving first-line treatment entered 
the PD state and received one or two further lines of treat-
ment followed by late-stage palliative care, or directly late-
stage palliative care. In the Markov models, the additional 
lines of treatment were not represented by separate health 
states but covered ‘within’ the PD state using on/off treat-
ment tunnel states assuming that a certain percentage of 
the patients obtain further lines of treatment as outlined in 
Sect. 2.5.2 and Supplementary Chapter 6 (see ESM).

For the base-case analysis, we preferred a state transition 
model over a partitioned survival model because it is more 
transparent and also more flexible, allowing us to model a 
certain percentage of the patients to receive a second and 
even third-line treatment after entering the progressed state 
during a certain period of time. Also, it allowed us the use of 
on- and off-treatment utilities during the PD health state. For 
the partitioned survival model, further-line treatment costs 
could only be included as one-off costs to patients upon their 
direct transition from the PFD to the PD state.

In the base-case analysis, we used a time horizon of 30 
years to represent the lifetime of patients, a cycle length 
of 1 month (30.5 days), and an annual discount rate of 3% 
for costs and quality-adjusted life-years (QALYs). We did 
not apply half-cycle correction due to the short cycle length 
of 1 month. All analyses were carried out from the Swiss 
statutory health insurance perspective (including direct 
medical care costs and follow-up treatment costs) using a 
price year of 2022. All CEA models were programmed in 
the TreeAge® software (Version Pro 2023) [24].

For the budget impact analysis (BIA), we developed a 
5-year budget impact model in Excel (Microsoft Office Pro-
fessional Plus 2019) and based it on undiscounted cost esti-
mates from the CEA for the first 5 years (more information 
is provided in Sect. 2.5.7).

2.2 � Population

Similar to the patients in the CM-743 trial, we assumed a 
hypothetical patient population with the following crite-
ria: male and female adults with a median age of 69 years, 
advanced, untreated, and unresectable MPM, not amenable 
to curative therapy (surgery with or without chemother-
apy), no prior systemic therapy, and an Eastern Cooperative 
Oncology Group performance status (ECOG PS) of 0–1. 
In CM-743, patients had been stratified by tumour histol-
ogy (epithelioid versus non-epithelioid) and sex. The study 
had mainly been carried out in Europe (58.2%), but also in 
Asia (10.7%), North America (9.8%), and rest of the world 
(21.3%).
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Since the French MAPS trial population did not com-
pletely match the CM-743 population, we modelled the 
CM-743 population. The patient population of the MAPS 
trial was similar, but restricted patients to those aged 
<75 years, who have a life expectancy of >12 weeks, and 
also included patients with ECOG PS of 2 (which, however, 
represented only 3% of patients) [12].

2.3 � Intervention and Comparator Strategies

Intervention treatment in CM-743 with first-line immuno-
therapy consisted of nivolumab (3 mg/kg every 3 weeks 
[Q3W]) plus ipilimumab (1 mg/kg Q6W), both adminis-
tered intravenously until disease progression, unaccepta-
ble toxicity, or a maximum treatment duration of 2 years. 
Since in reality patients do not always reach the maximum 
treatment duration even in the absence of progression or 
death (e.g. due to intolerance), we restricted the maximum 
possible nivolumab+ipilimumab treatment duration to 
14 months. By proceeding like this, we obtained a mod-
elled mean nivolumab+ipilimumab treatment duration of 
8 months for the base case, which matches the published 
CM-743 mean (median) first-line nivolumab+ipilimumab 
duration of 7.9 months (5.6 months) [5] (this duration led to 
the trial-observed OS and PFS). For nivolumab, we assumed 
the weight-based dosing scheme with a 2-week frequency 
and decided against a flat intravenous infusion of 360 mg 
every 3 weeks. The flat nivolumab dose is not yet approved 
in Switzerland and would have meant off-label use. While 
it is likely to have similar efficacy and safety, this is not 
proven yet. In line with the CM-743 trial, we added vitamin 
B12 once (intramuscular injection 1000 μg) and oral vita-
min B9 folic acid (400 μg per day) during the first week to 
nivolumab+ipilimumab.

The first comparator treatment strategy was intravenous 
pemetrexed 500 mg/m2 Q3W plus either carboplatin (area 
under the curve of 5 mg/mL/min) or cisplatin 75 mg/m2, 
administered in the registration trial CM-743 [5] on Day (D) 
1 of a 21-day cycle for a maximum of six cycles. With the 
same reasoning as in the case of nivolumab+ipilimumab, 
we restricted the maximum pemetrexed+platin treat-
ment duration to 3 months, resulting in a mean overall 
pemetrexed+platin duration of 2.9 months (the closest pos-
sible to the reported mean of 3 months) [5]. In a scenario 
analysis, we investigated the cost impact of 24 months of 
nivolumab+ipilimumab and six cycles of pemetrexed+platin 
without the possibility of early termination.

As concomitant medication for the first comparator, we 
assumed vitamin B12 supplement (at baseline, the 3rd and 
6th cycle), oral vitamin B9 folic acid (7 days before the first 
cycle, ending 3 weeks after the last pemetrexed-based cycle), 
palonosetron (0.25 mg intravenous for Q3W, for a maximum 
of six cycles), and oral dexamethasone (4-mg tablets, 3 times 

at the beginning of every cycle) to mitigate the side effects 
of chemotherapy.

F o r  t h e  s e c o n d  c o m p a r a t o r  t r e a t m e n t , 
pemetrexed+platin+bevacizumab, we modelled beva-
cizumab 15  mg/kg (D1 of Q3W cycles) in addition to 
pemetrexed+platin. Bevacizumab was not restricted to six 
cycles but administered until progression, with all comedica-
tions administered as described previously.

Assuming clinical equivalence of pemetrexed+carboplatin 
and pemetrexed+cisplatin as widely accepted by UK clinical 
experts [25], only pemetrexed+carboplatin was modelled 
in the base-case analysis since it is the preferred treatment 
option in Switzerland. The cost of pemetrexed+cisplatin was 
considered in a scenario analysis.

A further chemotherapy option would have been ralti-
trexed (for people for whom treatment with pemetrexed is 
unsuitable). However, it is not approved for MPM in Swit-
zerland, and also not used off-label [26, 27]. For this reason, 
it was not included as a comparator in this model.

2.4 � Main Outcomes

The model assessed costs (overall, by resource type), life-
years (LYs), QALYs, as well as incremental cost-effective-
ness ratios (ICERs), expressed as costs in Swiss Francs 
(CHF) per QALY gained. To help international comparison, 
we also converted main ICERs from CHF into United States 
Dollars (USD), applying an average 2022 exchange rate 
of USD1.048 for CHF1 [28]. We used a standard rational 
choice approach to rank and compare all three strategies 
simultaneously. The resulting ICERs were compared with a 
WTP threshold of CHF100,000 per QALY gained, which is 
sometimes considered in analyses for Switzerland [29–33]. 
The threshold falls within threshold ranges recommended by 
both a recent study (0.5–1.5 times the gross domestic prod-
uct [GDP] per capita) [34] and the World Health Organi-
zation (WHO) (1–3 times the GDP per capita). The wider 
WHO recommendation would lead to a WTP threshold 
range of CHF84,055–CHF252,165/QALY for Switzerland 
based on a GDP per capita of CHF84,055 in 2021 (latest 
available) [35, 36].

2.5 � Model Inputs

2.5.1 � Modelling of Survival and Progression of Disease

We did not have access to individual patient data (IPD) and 
therefore digitalized (using Software DigitizeIt [37]) pub-
lished Kaplan-Meier OS and PFS curves from both MAPS 
(median follow-up [FU] of 39.4 months) [12] and CM-743 
(4-year OS [15], 3-year PFS, 3-year subgroup results; mini-
mum FU of 35.5 months [13]) (Supplementary Figs 3–6, 
see ESM).



Cost Effectiveness of Immunotherapy in Unresectable Malignant Pleural Mesothelioma

Pseudo IPD was recreated in R software (version 4.2.2 
[38]) according to the method of Guyot et al. [39]. The best 
distributional selection to fit and extrapolate the data within 
and beyond the trial FU periods was guided by expected clin-
ical longer-term results and statistical fit. The latter incor-
porated lowest Akaike and Bayesian information criterion 
during the FU period (Supplementary Sects. 3.2 and 3.3), 
and a smoothed hazard function as in MAPS and CM-743 
that initially increased before decreasing over time (Sup-
plementary Figs. 7 and 8 [see ESM] and company submis-
sion of nivolumab+ipilimumab to NICE [2, 14]). We inves-
tigated the fit of several standard parametric distributions 
(exponential, Weibull, lognormal, log-logistic, Gompertz, 
Gamma, Generalized gamma) but also of spline functions 
(hazard, odds, and normal scales with 1 and 2 knots each) to 
the Kaplan-Meier curves. Taking all selection criteria into 
account, we selected spline normal 1-knot functions for both 
OS treatment curves (Supplementary Fig. 13, see ESM), 
a spline hazard 2 knots for PFS under pemetrexed+platin, 
and a spline normal 1-knot function for PFS under immu-
notherapy (Supplementary Fig. 18, Supplementary Sects. 
3.4, 3.5 [see ESM], the latter presenting results of histologic 
subtypes).

Log-cumulative hazards plots, Schoenfeld residual plots, 
test of Schoenfeld residuals against log(time), and visual 
inspection of the OS and PFS figures allowed us to con-
clude non-proportional hazards for OS and PFS in CM-743 
(Supplementary Chapter 4, see ESM). According to standard 
practice, we therefore independently fitted the OS and PFS 
curves for each treatment arm [2]. For the MAPS trial, we 
considered the proportional hazards assumption to approxi-
mately hold for both OS and PFS. In general, this allows 
the modelling of an intervention survival curve by using the 
hazard ratio (HR) to adjust the comparator curve. Since the 
patient inclusion criteria of both trials differed, we did not 
pool the recreated chemotherapy survival data of both stud-
ies but modelled the chemotherapy+bevacizumab estimates 
with the HR from MAPS adjusted to the chemotherapy esti-
mates of the CM-743 trial (adjusted HRs of original graphs: 
0.73 [0.61, 0.87] for OS, 0.77 [0.62, 0.95] for PFS) (Sup-
plementary Figs. 13, 18, 30–33, see ESM).

In general, estimated survival curves were converted into 
transition probabilities, calculated as one minus the ratio of 
the survivor function at the end and beginning of a cycle.

2.5.2 � Further‑Line Treatment

We modelled a second line of treatment with nivolumab 
monotherapy (3 mg/kg IV Q2W) for 4 months for 62% of 
the patients previously treated with chemotherapy. Fol-
lowing first-line immunotherapy, we assumed second-line 
pemetrexed+carboplatin for 3 months (as reported for first-
line treatment) for 65% of the patients. Of the patients still 

alive at the end of the second line, third-line gemcitabine 
1000 mg/m2 (together with dexamethasone) and intrave-
nous vinorelbine 30 mg/m2, each 50% on D1 and D8 of a 
21-day cycle, were assumed. In contrast to first-line treat-
ment, we only modelled pemetrexed+carboplatin and not 
pemetrexed+cisplatin in the second line. More details 
including sources are given in Supplementary Chapter 6 
(see ESM).

2.5.3 � Utilities

Swiss utility values for MPM patients were not available. 
Instead, we used treatment-strategy-dependent and treatment 
(on/off)-dependent utilities that were assessed in the NICE 
Single Technology Appraisal for nivolumab+ipilimumab for 
untreated unresectable MPM (Supplementary Table 6 in the 
ESM) [2]. Utilities were based on within-trial EQ-5D-3L 
data collected in the CM-743 trial [2]. All model inputs are 
summarized in Supplementary Table 8 (see ESM).

We assumed that any utility decrement associated with 
adverse events was already captured in the treatment-spe-
cific utilities. Therefore, no further utility decrements were 
applied.

2.5.4 � Adverse Events

All treatment-related AEs of grades 3–4 in CH-743 and 
MAPS occurring in ≥2% of patients in at least one of the 
treatment arms were considered (Supplementary Table 9, 
see ESM). Since AEs associated with carboplatin and 
cisplatin are different, we used the corresponding AEs 
depending on whether carboplatin (base case) or cispl-
atin (scenario analysis) were being analysed. However, 
for the chemotherapy+bevacizumab strategy, we only had 
data available from the MAPS trial, and therefore could 
only include AE probabilities related to cisplatin and not 
carboplatin.

2.5.5 � Resource Use

2.5.5.1  Physician Visits Including Laboratory Tests  We 
assumed joint visits for nivolumab (Q3W) and ipilimumab 
(Q6W) every 6 weeks. During each of the six cycles of Q3W 
chemotherapy administration, an additional intermediate 
oncologist visit, including small laboratory testing after 2 
weeks, was added to reflect standard practice in Switzer-
land. We generally assumed FU visits every 3 months after 
the end of treatment and during progression (Supplemen-
tary Table 10, see ESM).

2.5.5.2  Imaging  In line with Swiss standard of care, our 
model included the following imaging resource utiliza-
tion: an inpatient screening biopsy, an outpatient computed 
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tomography (CT) chest plus abdomen scan every 6 weeks 
during the first year, every 3 months thereafter until progres-
sion/death, and also post-progression. Assuming that the 
biopsy and CT scans are performed in separate visits, we 
also incorporated their costs if cisplatin was given during 
an inpatient stay. Electrocardiogram costs were considered 
negligible for this analysis.

2.5.5.3  Late‑Stage Palliative Care  After the end of the last 
treatment line, we modelled late-stage palliative care with 
pain medication (morphine 30 mg/day, paracetamol 3*1 g/
day) and 3-monthly oncologist physician visits including 
laboratory tests (hemogram V, chemistry I and II).

2.5.6 � Costs

We considered drug costs from the Swiss specialty list 
[40]. The amount of drug was calculated for an average 
Swiss patient, with costs based on the cheapest available 
generic of the total smallest pack/bottle required. Based on 
the observed distribution of male and female patients from 
CM-743 and Swiss demographic (weight and height) data, 
we derived an average Swiss weight (77.1 kg) and a body 
surface area of 1.93 m2 [41, 42]. These data were used for 
the weight-based dosing schemes for immunotherapies in 
line with the national standard of care. We estimated hospital 
inpatient costs in multiplying the cost weights of relevant 
diagnosis related group (DRG) codes of the SwissDRG 11.0 
system [43] with the averaged Swiss Cantonal DRG base 
weights. For inpatient cisplatin administration, we added 
official one-off hospital supplementary charges for peme-
trexed (CHF2,417.28) and bevacizumab (CHF3,084.09) for 
each stay [43]. Outpatient costs for physician visits, drug 
administration, laboratory testing, imaging procedures 
(screening biopsy, CT scan thorax abdomen), and late-stage 
palliative care were based on the Swiss tariff system for 
outpatient physician services (TARMED 1.09) [44] and the 
Swiss Analysis List [45]. If available, resource use and costs 
were coupled and compared with aggregated real-life data of 
mesothelioma patients of the Cantonal Hospital of Lucerne, 
Switzerland. For example, mean hospital inpatient terminal 
care costs until death for 162 patients from the oncology/
palliative care unit of the Cantonal Hospital of Lucerne 
(derived from the latest available fourth quarter in 2021) 
were estimated as CHF27,427. The end of life/terminal care 
costs were applied to all patients who died as one-off costs 
when entering the death state. With regard to AE costs, we 
calculated one-off costs for all first-line AEs depending on 
their expected duration (Supplementary Table 9, see ESM) 
and applied them to each treatment arm at model cycle 1 
adjusted by the percentages of patients receiving these.

2.5.7 � Budget Impact Analysis Inputs and Assumptions

We performed a 5-year budget impact analysis for the years 
2022 to 2026 for three scenarios: (1) a scenario without 
the use of nivolumab+ipilimumab, (2) a scenario for the 
Swissmedic MPM label for nivolumab+ipilimumab (non-
epithelioid histology or PD-L1 expression ≥1%), and (3) 
a scenario targeting nivolumab+ipilimumab for all MPM 
regardless of histology or PD-L1 (as recommended by 
ESMO, for example [11]).

We did not integrate the previous years 2018–2021 into 
the BIA per se, but included costs of patients who had 
started chemotherapy (with/without bevacizumab) treatment 
during these years and continued their original treatments 
during 2022–2025.

In for mat ion  on  Swiss  market  shares  fo r 
nivolumab+ipilimumab was not publicly available. We 
estimated current and projected future market shares for 
the three distinct scenarios of interest (Supplementary 
Table 11, see ESM). Separately for each treatment strategy, 
undiscounted mean cost results from the CEA for the first to 
fifth year were then multiplied by the market-share-adjusted 
number of MPM patients in each of the years 2022–2026.

We derived the number of Swiss patients with unresect-
able MPM, as well as subgroup sample sizes, from publicly 
available sources [46, 47], and also received information 
from the Foundation Swiss National Institute for Cancer 
Epidemiology and Registration (NICER) [48] (Supple-
mentary Table 12, see ESM). The latter provided us with 
the MPM incidence rate for the latest available year (2019; 
2.25 per 100,000 population per year) and the percentage of 
patients with the non-epithelioid subtype (58.2%). We fur-
ther assumed 43.7% of patients have PD-L1 ≥1% within the 
epithelioid subtype [49]. To estimate the MPM incidence for 
the subsequent years 2020–2026, we added a yearly increase 
of 2.6 persons per year to the 2019 MPM incidence rate as 
derived from Suva accident statistics (UVG 2020 report [7]).

2.6 � Uncertainty Analyses

To investigate the robustness of the base-case results, we 
performed deterministic and probabilistic analyses (PA) and 
a large series of scenario analyses.

In the deterministic analyses (DA), available 95% con-
fidence intervals (CIs) were used as the maximum and 
minimum boundaries, or the 2.5% and 97.5% percentiles 
of assigned distributions (next paragraph). If both could not 
be determined, we varied the base-case parameter value by 
±30%. Drug costs were generally assumed to be fixed and 
not varied in the DA with the exception of nivolumab, ipili-
mumab, bevacizumab, and supplementary inpatient hospital 
charges for pemetrexed and bevacizumab. We presented the 
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results in Tornado diagrams and showed the ten most influ-
ential parameters.

For the PA, we assigned gamma distributions to unit cost 
parameters and beta distributions to utilities and probabili-
ties. Drug costs were assumed to be fixed in the PA. Distri-
bution parameters for the OS and PFS curves were assigned 
normal distributions, and HRs were assigned log-normal 
distributions. Where standard error estimates or 95% CIs 
were not available, we assumed standard errors to be 20% 
of the base case parameter values for costs and probabilities, 
and 10% for utilities. We performed 10,000 simulation runs 
and showed the 10,000 simulated ICER results in a cost-
effectiveness plane. The probabilities of strategies being cost 
effective at varying WTP thresholds were additionally illus-
trated in cost-effectiveness acceptability curves (CEACs). 
With the help of the expected value of perfect information 
(EVPI), we also assessed whether further clinical research 
to reduce parameter uncertainty may be worthwhile. EVPI 
for an individual patient was calculated in TreeAge when 
running regular PA with a single parameter sampling loop 
[24]. We also calculated the EVPI for the Swiss popula-
tion assuming an effective lifetime of treatments of 5 years 
(2022–2026) and using the estimated MPM incidences from 
the BIA (Section 2.5.7, Supplementary Table 8 in the ESM). 
Future benefits were again discounted annually at 3%.

In a first scenario analysis, we allowed patients to die 
before tumour progression and explored the impact if the 
same transition probability to death from both the PFD 
and the PD Markov state is applied. In a second scenario 
analysis, we developed a partitioned survival model. As 
previously mentioned, in the partitioned survival model, 
further-line treatment costs for an estimated period of time 
could only be included as one-off costs for patients upon 
their direct transition from the PFD to the PD state. How-
ever, such a procedure potentially overestimates further-line 
treatment costs as it does not integrate patients dying in the 
months following disease progression into this cost calcula-
tion. For this reason, we reduced the duration of the further 
lines of treatment by 1 month compared with the Markov 
model, resulting in similar mean 2L/3L treatment costs. 

Model inputs deviating from the Markov model inputs are 
shown in Supplementary Tables 5 and 7 in the ESM.

In a third scenario analysis, we assumed the impact 
of inpatient pemetrexed+cisplatin rather than outpatient 
pemetrexed+carboplatin costs, taking into account the dif-
ferent AE pattern, but assuming the same OS and PFS. In 
further scenario analyses, we also investigated different his-
tologic subtypes, extended costs to a maximum 24-month 
treatment duration for nivolumab+ipilimumab and six cycles 
for pembrolizumab+platin, varied discount rates (0%, 5%), 
and restricted the time horizon to 10 years.

For the BIA, we examined in a scenario analysis the 
budget impact when only new MPM patients from 2022 
onwards were included.

3 � Results

3.1 � Cost‑Effectiveness Analysis Results

Over a 30-year lifetime horizon and after discount-
ing, the nivolumab+ipilimumab strategy showed 
the highest mean benefit of 1.78 QALYs and the 
highest mean total costs of CHF184,060. For the 
chemotherapy+bevacizumab strategy, we estimated a 
mean of 1.59 QALYs and mean costs of CHF173,243; 
and for the pemetrexed+carbo strategy a mean of 1.21 
QALYs and mean costs of CHF74,945 (Table  1). We 
found that pemetrexed+carbo+bevacizumab was extend-
edly dominated when compared with pemetrexed+carbo 
and nivolumab+ipilimumab. Nivolumab+ipilimumab rela-
tive to pemetrexed+carboplatin was projected to gener-
ate 0.57 mean incremental QALYs (0.73 LYs discounted) 
and mean incremental costs of CHF109,115, resulting in 
an ICER of CHF192,585 (i.e. USD201,829) per QALY 
gained. The high costs of the ipilimumab+nivolumab 
strategy were largely driven by the total drug costs, which 
represent 64% of the total costs (24% of the total costs for 
pemetrexed+carboplatin, 59% for pemetrexed+carbo+be
vacizumab).

Table 1   Base case ICER results 
(probabilistic analysis)

Beva bevacizumab, CHF Swiss Francs, ext extendedly, ICER incremental cost-effectiveness ratio, ipi ipili-
mumab, LYs life-years, nivo nivolumab, pem pemetrexed, QALY quality-adjusted life-year
a Discounted
b Of non-dominated strategies

Treatment Cost (CHF) QALY LYa ΔCost (CHF) ΔQALY ICERb (CHF/
QALY gained)

Pem+Platin 74,945 1.21 1.72
Pem+Platin+Beva 173,243 1.59 2.23 98,297 0.38 Ext. dominated
Nivo+Ipi 184,060 1.78 2.45 109,115 0.57 192,585
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DAs (Fig. 1) show that for the nivolumab+ipilimumab 
versus pemetrexed+platin comparison, the ICER was most 
sensitive to changes in the parameter values of the OS 
immuno- and chemotherapy curves, but also to nivolumab 
and ipilimumab drug cost variations. As for the compari-
son of chemotherapy versus chemotherapy+bevacizumab 
(Fig. 2), the ICER was very sensitive to changes in the OS 
HR related to the addition of bevacizumab, but changes in 
bevacizumab costs, in the OS and PFS chemotherapy curves, 
and in the PFS HR also had a moderate impact.

Across  the  ranges assessed,  the  ICER of 
nivolumab+ipilimumab versus pemetrexed+carboplatin was 
always above CHF100,000 (Fig. 1). For the comparison of 
pemetrexed+carboplatin and pemetrexed+carboplatin+bev
acizumab, the ICER always exceeded CHF100,000/QALY 
and only for fell below a CHF200,000/QALY threshold for 
lower values of the OS HR and bevacizumab costs (Fig. 2).

In the first scenario analysis, assuming an equal prob-
ability of death from both the PFD and from the PD 
state, the nivolumab+ipilimumab strategy showed again 
the highest mean benefit of 1.69 QALYs and the high-
est mean total cost of CHF175,693. We estimated for the 
pemetrexed+platin+bevacizumab strategy a mean of 

1.59 QALYs and mean cost of CHF164,268; and for the 
pemetrexed+platin strategy a mean of 1.21 QALYs and 
mean cost of CHF71,777 (Supplementary Table 13, see 
ESM). Again pemetrexed+platin+bevacizumab was extend-
edly dominated when compared with pemetrexed+platin 
and nivolumab+ipilimumab. Nivolumab+ipilimumab rela-
tive to pemetrexed+platin was projected to generate 0.48 
mean incremental QALYs (0.60 LYs discounted) and a mean 
incremental cost of CHF103,916, resulting in an ICER of 
CHF216,905 (i.e. USD227,316) per QALY gained.

The partitioned survival model (scenario 2) projected an 
ICER of CHF178,094 (i.e. USD186,643) per QALY gained 
for nivolumab+ipilimumab relative to pemetrexed+platin. 
This scenario led to lower QALYs for all treatment 
strategies and lower cost for nivolumab+ipilimumab. 
Pemetrexed+platin+bevacizumab was absolutely dominated.

Assuming the use of cisplatin (inpatient treatment) 
instead of carboplatin (outpatient treatment) resulted in 
higher costs for the chemotherapies. The model projected an 
ICER of CHF158,911 (i.e. USD166,539) per QALY gained 
for nivolumab+ipilimumab versus pemetrexed+carboplatin. 
Pemetrexed+carboplatin+bevacizumab resulted in higher 

Fig. 1   One-way sensitivity analysis of nivolumab plus ipilimumab 
versus chemotherapy. CHF Swiss Francs, CIs confidence intervals, 
ICER incremental cost-effectiveness ratio, OS overall survival, PFD 

progression-free disease, PFS progression-free survival, QALY qual-
ity-adjusted life-year, trt treatment, 1L first-line, 2L second-line
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costs and lower QALYs than nivolumab+ipilimumab and 
was hence absolutely dominated.

Maximum treatment durations (less if progression/death 
was estimated to occur) resulted in increased treatment costs, 
particularly for the nivolumab+ipilimumab arm. Conse-
quently, the base case ICER increased from CHF192,797 
(DA) to CHF251,714/QALY gained.

Regarding histologic subtypes, QALYs for chemotherapy 
decreased in patients with non-epithelioid histology due 
to the well-known lack of effectiveness of chemotherapy 
in the sarcomatoid subtype. This resulted in an improved 
ICER of CHF97,894/QALY (USD102,593/QALY) gained 
for nivolumab+ipilimumab versus pemetrexed+carboplatin. 
In contrast, for the epithelioid subtype, where the effective-
ness of chemotherapy is greater, the ICER increased to 
CHF266,267 (USD279,048) per QALY gained. Supple-
mentary Table 13 provides all remaining scenario analysis 
results (see ESM). Among all scenarios investigated, the 
ICER of the nivolumab+ipilimumab strategy for patients 
with the non-epithelioid subtype was the only one below 
CHF100,000/QALY at current list prices.

Table  2 shows the economically justifiable prices 
assuming a WTP threshold of CHF100,000/QALY. For 
nivolumab+ipilimumab to become cost effective for all 

MPM histologies, a nivolumab+ipilimumab price reduc-
tion of 52% (i.e. to 48% of their 2022 list prices) would 
be required. The combination pemetrexed+carboplatin+b
evacizumab would require a bevacizumab price reduction 
of 72% (to 28%) to become cost effective compared with 
pemetrexed+carboplatin.

Fig.  3 presents the cost-effectiveness acceptability 
curve of the PA. It shows that both nivolumab+ipilimumab 
and chemotherapy+bevacizumab had a 0% probability of 
being cost effective at a WTP threshold of CHF100,000, 
whereas chemotherapy was cost effective at 100%. The 
probability of nivolumab+ipilimumab being cost effec-
tive increased to 10.5%, 51.2%, and 72.0% at WTP thresh-
olds of CHF150,000, CHF200,000, and CHF250,000/
QALY, respectively. The cost-effectiveness plane in 
Fig. 4 and Supplementary Fig. 34 (see ESM) show that 
for chemotherapy+bevacizumab, changes in QALYs 
were more pronounced (suggesting higher uncer-
tainty) than changes in costs. The ICER cloud for the 
chemotherapy+bevacizumab strategy largely overlapped 
the cloud for nivolumab+ipilimumab.

With perfect information, we estimated an individual 
patient EVPI value (opportunity loss) of CHF1.37 for 
a WTP threshold of CHF100,000/QALY. EVPI locally 

Fig. 2   One-way sensitivity analysis of chemotherapy versus chemo-
therapy with bevacizumab. AE adverse event, beva bevacizumab, 
Chemo chemotherapy, CIs confidence intervals, CHF Swiss Francs, 

HR hazard ratio, ICER incremental cost-effectiveness ratio, OS over-
all survival, pem pemetrexed, PFD progression-free disease, PFS 
progression-free survival, QALY quality-adjusted life-year
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peaked at approximately CHF11,945 in the graph at the 
point where the underlying ICER was closest to the WTP 
(Supplementary Fig. 35, see ESM). The estimated popu-
lation EVPI over a 5-year time horizon (2022–2026) at 
a 1.3% annual decline in MPM incidence was CHF1344 
(Supplementary Fig. 36, see ESM). This means that at 
the WTP threshold of CHF100,000/QALY, a new trial 
would only be beneficial if the cost of the trial is less than 
CHF1344, which will not be the case. A longer effective 
lifetime of the treatments (e.g. 10 years instead of 5 years) 
will most likely increase the benefits, but we do not expect 
them to reach the costs of a new trial.

3.2 � Budget Impact Analysis Results

At current 2022 Swiss list prices, the availability of 
nivolumab+ipilimumab is projected to largely increase 
the necessary Swiss health budget for this indication 
due to the increased costs of nivolumab+ipilimumab 
(Table  3, Supplementary Tables  14 and 15 in 
ESM). Strictly adhering to the Swissmedic label, by 

restricting nivolumab+ipilimumab to PD-L1  ≥1% or 
the non-epithelioid subtype, led to a necessary budget of 
CHF165.5 million, and CHF127.1 million in the case of no 
nivolumab+ipilimumab. Following the recommendations 
of ESMO, treating the largest possible number of MPM 
patients with ipilimumab+nivolumab is estimated to result 
in 5-year costs of CHF184.2 million.

We compared each of the scenarios (2) and (3) to a sce-
nario without nivolumab+ipilimumab (1). This resulted 
in a necessary 5-year budget increase of CHF38.4 million 
(30%) applying the Swissmedic label, and of CHF57.0 mil-
lion (45%) when targeting all patients.

4 � Discussion

We conducted an independent CEA to assess from a Swiss 
statutory health insurance perspective all first-line therapies 
recommended for patients with unresectable MPM. We 
found that substantial discounts for nivolumab+ipilimumab 
would be necessary to achieve cost effectiveness at the cur-
rent list prices when assuming a traditional WTP threshold 

Table 2   Economically justifiable price at target WTP of CHF100 000/QALY

Beva bevacizumab, CHF Swiss Francs, ICER incremental cost-effectiveness ratio, ipi ipilimumab, nivo nivolumab, pem pemetrexed, QALY qual-
ity-adjusted life-year, WTP willingness-to-pay

Treatment Discount level of 
pack prices

Costs (CHF) QALYs ΔCosts (CHF) ΔQALYs Comment ICERs (CHF/
QALY 
gained)

Total drug 
costs (CHF)

Overall population (carboplatin)
For Nivo and Ipi

Pem+Platin 69,345 1.20 12,442
Nivo+Ipi −52% (to 48%) 125,132 1.76 55,787 0.56 Cost effective 

at WTP vs 
Pem+Platin

99,128 58,707

Pem+Platin+Beva 163,441 1.56 38,309 −0.20 Absolutely domi-
nated

92,937

For bevacizumab
Pem+Platin 76,138 1.20 19,235
Pem+Platin+Beva −72% (to 28%) 112,099 1.56 35,961 0.36 Cost effective 

at WTP vs 
Pem+Platin

99,928 41,595

Epithelioid population (carboplatin)
For Nivo and Ipi

Pem+Platin 68,578 1.44 10,001
Nivo+Ipi −73% (to 27%) 99,606 1.75 31,028 0.32 Cost effective at 

WTP
97,877 33,517

Pem+Platin+Beva 205,983 1.95 106,377 0.20 541,636 128,999
For bevacizumab

Pem+Platin 78,693 1.44 20,116
Pem+Platin+Beva −72% (to 28%) 129,529 1.95 50,837 0.51 99,017 52,546
Nivo+Ipi 180,101 1.75 50,572 −0.20 Absolutely domi-

nated
114,013
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of CHF100,000/QALY (the estimated ICER at the 2022 list 
prices was CHF192,585/QALY; i.e. USD201,829/QALY). 
As expected from the clinical subgroup analysis results of 
the registration trial CM-743, cost effectiveness was more 
likely for non-epithelioid MPM, supporting the limited 
label by Swissmedic for this subtype. Based on our model, 
nivolumab+ipilimumab was regarded as a cost-effective 
treatment option for the treatment of patients with non-epi-
thelioid MPM (ICER of CHF97,894/QALY, USD102,593/
QALY).

Compared with the previous CEAs from a US per-
spective, our estimated ICERs for Switzerland for 
nivolumab+ipilimumab versus pemetrexed+carboplatin 
were lower [19, 20]. The US models were based on less 
recent CM-743 data, used a more limited selection of grade 
3–4 AEs, and importantly used non-small-cell lung can-
cer (NSCLC) utilities. The US models projected ICERs 
of USD371,861/QALY [19] (CHF355,053/QALY) and 
USD475,677/QALY [20] (CHF454,176/QALY), which were 
above their chosen WTP thresholds of USD207,659/QALY 
(3 times US GDP per capita in 2021) and USD150,000/
QALY. The latter publication even excluded the possibility 

of nivolumab+ipilimumab becoming cost effective for all 
histologies and the non-epithelioid subtype.

In a partitioned survival model for a UK NICE submis-
sion [1, 2, 14], nivolumab+ipilimumab resulted in incre-
mental costs of GBP50,260 and 0.67 incremental QALYs, 
yielding an ICER of GBP75,322/QALY, with unknown 
details of the agreed nivolumab and ipilimumab prices. 
With discounts that are confidential and not known by us, 
nivolumab+ipilimumab was regarded as a cost-effective 
treatment option. Confidential discounts are increasing and 
may have negative effects on global drug affordability [50]. 
CADTH reported an ICER of CAD300,921/QALY gained 
[16] (i.e. CHF219,462/QALY [51]), and estimated that a dis-
count of 72% was required for nivolumab+ipilimumab to be 
cost effective compared with standard chemotherapy assum-
ing a WTP threshold of CAD50,000/QALY. The model 
results of both submissions are consistent with our results. 
For Switzerland, we estimated that a nivolumab+ipilimumab 
price discount of 52% (i.e. to 48% of its 2022 list prices) 
for all histologies is necessary to achieve cost effectiveness.

Chemotherapy+bevacizumab was not cost effective in our 
base case. Two previous CEAs yielded conflicting results. 

Fig. 3   Cost-effectiveness acceptability curve. Beva bevacizumab, CHF Swiss Francs, Ipi ipilimumab, Nivo nivolumab, Pem pemetrexed, QALY 
quality-adjusted life-year
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From a US payers’ perspective, the addition of bevacizumab 
to chemotherapy was cost effective according to commonly 
used WTP thresholds, with a reported ICER of USD73,081/
QALY [21]. In contrast, from a Chinese perspective, peme
trexed+cisplatin+bevacizumab was not cost effective (with 
an ICER of USD727,203/QALY gained) assuming a WTP 
threshold of 3*GDP per capita (USD23,970/QALY) [22].

The high costs of nivolumab+ipilimumab, but also of 
chemotherapy+bevacizumab, are mainly driven by the 

actual drug prices, and not by toxicity management or pal-
liative care. The high drug costs are also the reason we pro-
jected for Switzerland a necessary increase in the 5-year 
health budget for unresectable MPM of 30% to implement 
the Swissmedic label, and of 45% to treat all patients with 
nivolumab+ipilimumab (under the assumption that all other 
model assumptions hold).

Our CEA has several strengths. To the best of our knowl-
edge, it is the first that analysed three different therapeutic 

Fig. 4   Cost-effectiveness plane. 
Beva bevacizumab, CHF Swiss 
Francs, Ipi ipilimumab, Nivo 
nivolumab, Pem pemetrexed, 
QALY quality-adjusted life-year
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Table 3   Five-year budget impact

Beva bevacizumab, BIA budget impact analysis, carbo carboplatin, CHF Swiss Francs, FU follow-up, ipi ipilimumab, MPM malignant pleural 
mesothelioma, nivo nivolumab, pem pemetrexed
*Before 2022, patients had only started on pem+carbo (50% of patients) and pem+carbo+beva (50% of patients) and continued their original 
treatment during the BIA time horizon

Strategy and treatments Scenario analysis Base case

Excluding FU costs in 2022–2026 
of patients who started between 
2018–2021 (in CHF)

Including FU costs in 2022–2026 
of patients who started between 
2018–2021*
(in CHF)

Budget increase % Budget increase

No nivo+ipi 110,944,118 127,129,866 Reference Reference
Swissmedic label 149,294,663 165,480,411 38,350,545 30%
Nivo+ipi targeting all 

patients with unresect-
able MPM

167,985,030 184,170,779 57,040,913 45%
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options in one model. We included the most recent update 
from CM-743, the MAPS study, and applied a life-long 
time horizon. A further strength of our model is the use of 
MPM-specific utilities, and that we considered all grade 3–4 
AEs occurring in ≥2% in at least one of the treatment arms. 
Resource use and costs from published and official Swiss 
sources, coupled with real-world data from a large Swiss 
hospital, are further strengths. We also tested, and ultimately 
used when appropriate, spline functions to approximate and 
extrapolate survival functions. We distinguished between 
outpatient and inpatient settings. We validated our base-case 
model by changing Markov model assumptions and devel-
oping a partitioned survival model. All three models led to 
the same overall conclusion for the base case. Our work was 
funded by the Swiss Institute for Accident Insurance (Suva) 
and carried out independently from industry.

Potential limitations of our analysis include uncer-
tainties related to model and input parameter values, as 
no head-to-head clinical trial comparing all three treat-
ment options exists. Since the MAPS trial population dif-
fers from the CM-743 population, we had to simulate the 
chemotherapy+bevacizumab arm by applying its HR to the 
survival curve of the control arm of CM-743. This worked 
well for PFS, but introduced a bias to OS, which resulted 
in an overestimation of treatment benefit for the MAPS 
chemotherapy+bevacizumab arm during the first 6 months 
in our model. Nevertheless, our approach led to less bias 
than merging survival data of different trial populations 
(data not shown). For the epithelioid and non-epithelioid 
subtypes, there were no published HRs from MAPS com-
paring chemotherapy with chemotherapy+bevacizumab. 
We used the HR of the total population in these cases as 
well. This procedure had no effect on the comparison of 
nivolumab+ipilimumab and chemotherapy for the subtypes.

With regard to utilities, there might also be an 
overestimation of the utility during PFS in the 
chemotherapy+bevacizumab arm. The fact that bevacizumab 
maintenance is given until progression led to the on-treatment 
utility being applied continuously during PFS. However, 
since our model showed that chemotherapy+bevacizumab 
was dominated by other treatment strategies, we assumed 
that chemotherapy+bevacizumab would have been even less 
cost effective if lower OS or a lower utility were applied.

In the DA and PA, we varied the HRs of the 
chemotherapy+bevacizumab strategy for OS and PFS sep-
arately, but could not do so for the individually estimated 
OS and PFS curves for the nivolumab+ipilimumab and 
pemetrexed+platin strategies. To investigate the impact 
of different OS and PFS, we used the lower and upper 
bounds of their 95% CIs. In a further scenario analy-
sis, we also modelled the costs of a maximum 24-month 
nivolumab+ipilimumab treatment duration, whereas OS 

and PFS from the CH-743 and MAPS trials emerged from 
shorter treatment durations. Therefore, the results of this 
scenario should be interpreted with caution.

A further limitation of our model may be related to sec-
ond- and third-line therapy, as publications from CM-743 
and MAPS [12, 13] were not very precise in this regard. 
Because effectiveness of available further-line treatments 
remains poor and unclear [1, 2, 52], and because we did not 
find reliable real-world data for Switzerland, we modelled 
current clinical practice in Switzerland based on our own 
clinical experience. With this approach we were also much 
more in line with the reported FU percentages of the MAPS 
trial [12]. We assumed the effect of further treatments on the 
CM-743 survival curves (‘progressed disease part’) as low.

NICE recommended to adjust the survival curves for 
treatment switching with an appropriate methodology (e.g. 
inverse probability censoring weights [IPCW] method) [14]. 
We could not follow their recommendation, since we did not 
have IPD available, and the switching-adjusted OS curves 
were not published. Results of the adjusted analysis are 
redacted in the NICE report, but indicate a reduction in the 
ICER for nivolumab+ipilimumab versus pemetrexed+platin 
from GBP75,322 to an unknown value [14].

5 � Conclusion

At current list prices in Switzerland and assuming a WTP 
threshold of CHF100,000/QALY, nivolumab+ipilimumab 
is cost effective for the treatment of unresectable MPM 
for the non-epithelioid subtype but not for all histolo-
gies. As suggested by authorities in the UK and Canada, 
substantial discounts would be necessary to achieve cost 
effectiveness for all MPM histologies in Switzerland. 
Chemotherapy+bevacizumab is unlikely to be a cost 
effective treatment, requiring an even higher discount of 
its current list price than nivolumab+ipilimumab. Rand-
omized trials testing checkpoint inhibitors in combination 
with chemotherapy in patients with unresectable MPM 
are ongoing.
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