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A B S T R A C T   

Objectives: Nivolumab (anti-PD-1) plus ipilimumab (anti-CTLA-4) is a new first-line treatment combination for 
patients with pleural mesothelioma. Nivolumab-ipilimumab improved the survival, however, 30.3% of the pa-
tients suffered from grade 3–4 treatment related adverse events (TRAE’s) and TRAE’s led to discontinuation in 
23.0% of all patients. Here, we present the first real-world data of nivolumab plus ipilimumab in patients with 
malignant mesothelioma treated in two mesothelioma expert centers. 
Methods: Clinical data of patients with mesothelioma treated with nivolumab and ipilimumab were prospectively 
collected. Clinical parameters were obtained every visit, CT scans were evaluated every 12 weeks and adverse 
events were assessed continuously during the treatment. Data on grade 2–5 TRAE’s and activity (overall response 
rate (ORR), duration of response (DOR), disease control rate (DCR), median progression-free survival (mPFS) and 
median overall survival (mOS) were reported. 
Results: Between January 2021 and August 2022, 184 patients were treated with nivolumab plus ipilimumab. The 
median follow-up was 12.1 months (95 %CI 11.1 – 13.1). Grade 3–4 TRAEs were seen in 27.7 % of the patients 
and 25.0 % discontinued immunotherapy treatment early because of TRAE’s. ORR was 21.7 % (95 % CI 
15.7–27.7), median DOR was 5.7 months (IQR 3.2–8.7) and DCR at 12 weeks 56.0 % (95 % CI 48.8–63.2). The 
mPFS was 5.5 months (95 %CI 4.1–6.9), mOS was 14.1 months (95 % CI 11.1–18.2). 
Conclusions: Nivolumab plus ipilimumab had an equal efficacy in a real-world comparable population but also a 
high risk of TRAE’s, leading to discontinuation of treatment in 25% of the patients.   

1. Introduction 

Mesothelioma is a rare and aggressive malignancy with a poor 
prognosis. Without treatment, the median survival time ranges between 
six and nine months [1]. As the diagnosis usually is made at an advanced 
stage most patients are not eligible for surgery and designated for 
palliative systemic treatment [2]. Treatment in first-line with a combi-
nation of platinum and pemetrexed resulted in a median survival benefit 
of three months [3]. The addition of bevacizumab resulted in an addi-
tional survival benefit of nearly three months [4]. Recently, a random-
ized phase 3 trial showed clinically meaningful activity with a 
significant improvement of overall survival (OS) using the combination 

of nivolumab (anti-programmed cell death protein-1 (PD-1)) and ipili-
mumab (anti-cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)) 
compared to chemotherapy (18.1 months (95 % CI 16.8–21.4) and 14.1 
months (95 % CI 12.4–16.2), respectively, HR = 0.74, p = 0.0020) [5,6]. 
In this study, 30 % of the patients treated with nivolumab plus ipili-
mumab suffered from grade 3 and 4 adverse events (26 % and 4 %, 
respectively), and 23.0 % discontinued at least one of the treatment 
components due to treatment-related adverse events (TRAE’s). This has 
led to a Food and Drug Administration (FDA) and European Medicines 
Agency (EMA)-approved first-line treatment option for patients with 
unresectable mesothelioma [7,8]. 

The patients enrolled in clinical trials are often subjected to stringent 
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selection criteria that may not necessarily reflect the real-world popu-
lation. Because side effects might be more prominent in a more fragile 
patient population and survival benefit less pronounced, a description of 
real-world data on nivolumab plus ipilimumab combination in patients 
with mesothelioma is urgently needed. This article describes safety and 
activity of this treatment combination in patients who were treated in an 
expanded access program (EAP) in the Netherlands from January 2021 
to August 2022. 

2. Methods 

2.1. Study design and procedures 

Data were collected from patients with mesothelioma, who were 
treated with nivolumab intravenously at a dose of 360 mg or 4.5 mg/kg 
every 3 weeks and ipilimumab at a dose of 1 mg/kg every 6 weeks as 
part of a named patient program (NPP). Data was collected prospec-
tively in the Erasmus Medical Center (Rotterdam, the Netherlands) and 
the Antoni van Leeuwenhoek Hospital (Amsterdam, the Netherlands), 
who serve as referral centers for patients with mesothelioma in the 
Netherlands. These two hospitals accounted for 97 % of all patients 

treated with nivolumab plus ipilimumab in the Netherlands in the given 
time period. 

A detailed description of eligibility criteria and procedures of the 
clinical study is provided in the Data Supplements. We cross-checked 
the number of patients in our study with the data from the Expanded 
Access Program by BMS. The data cut-off was January 15th, 2023 for all 
analyses, except for overall survival, for which the data cut-off was July 
1st, 2023. All patients who received at least 1 cycle of nivolumab- 
ipilimumab were included in the toxicity and response analysis. Clin-
ical parameters were obtained every visit. CT scans were evaluated using 
modified RECIST version 1.1 every 12 weeks [9]. Adverse events were 
graded according to the Common Terminology Criteria for Adverse 
Events (CTCAE) version 5.0 [10] and assessed continuously during the 
treatment and for patients who discontinued until 30 days after the last 
treatment. All procedures were conducted in accordance with the 
Declaration of Helsinki. According to national guidelines, no ethical 
committee approval was needed for the collection of the clinical data. 

The primary objective was to investigate safety in terms of TRAE’s. 
We report data on grade 2–5 TRAE’s which were requiring steroid 
treatment, and/or were reason for discontinuing immunotherapy. Sec-
ondary objective was to describe the real-world activity of nivolumab 

Fig. 1. Consort diagram.  
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plus ipilimumab. A detailed description of the outcome measurements is 
provided in the Data Supplements. 

The statistical analysis is described in the Data Supplements. 

3. Results 

3.1. Patient characteristics 

Between January 1st, 2021, and August 1st, 2022, 192 patients 
started treatment with nivolumab plus ipilimumab. Eight patients were 
excluded from analyses due to > 15 % deviation in the administered 
dosage of 1 mg/kg ipilimumab (Fig. 1). 

184 Patients were included in our analyses of which 86.4 % were 
men. The median age at start of treatment was 71 years (IQR 66–76), 
with the highest percentage in the subcategory 65–75 years (49 %). 53 
patients (29 %) had an Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) score of 0 and 113 patients (61 %) had an ECOG 
PS of 1 at the start of treatment. 138 patients (74 %) of the patients had 
not received any previous line of treatment. (Table 1). 

3.2. Clinical outcomes in the real-world setting 

The median follow-up time of all patients was 12.1 months (n = 184; 
95 % CI 11.1 – 13.1 months) with a minimum of 5.5 months follow-up. 
For OS an extra survival sweep was done with a median follow-up time 
of 17.1 months (95 % CI 16.4–18.5). The patients received a median 
number of 6 cycles of nivolumab (range: 1–29) and 3 cycles of ipili-
mumab (range: 1–14). Ninety patients (49 %) received ≥ 4 cycles. 

TRAE’s of grade 2–5 that required additional treatment were 
observed in 86 patients (46.7 %), including 48 patients (26.1 %) with 
grade 3 or 4 TRAE’s (Table 2). The most common grade 3 or 4 TRAE’s 
were hepatitis (7.0 %) and colitis (6.5 %). Three grade 5 TRAE’s were 
found, one hepatitis, one myositis and one cardiomyositis. Infusion 
related reactions occurred in 45 of 184 patients (24.5 %). Multiple grade 
2–5 toxicities occurred in the 86 patients. Of those, 79 patients received 
corticosteroids. Within this group, some patients received additional 
immunosuppressant agents; infliximab was administered in five pa-
tients, cellcept, tocilizumab, methotrexate and azathioprine were 
administrated in one patient. Other TRAE-treatment included thyroid 

suppletion or antidiabetica. Twenty-five percent of the patients dis-
continued nivolumab plus ipilimumab treatment earlier due to TRAE’s 
(Table S1). This was 30 % of the patients who had discontinued treat-
ment at time of data cut-off. Only one patient (0.5 %) discontinued 
ipilimumab earlier. The median time to develop toxicity in all patients 
with TRAE’s was 9 weeks. The timing of any TRAE after initiation of 
treatment is shown in Fig. S1. 

The objective response rate (ORR) was 21.7 % (40 out of 184 pa-
tients; 95 % CI 16.0–28.4), and 40 % had stable disease (SD) as the best 
result (Table 3), resulting in a disease control rate (DCR) at 12 weeks of 
56.0 % (95 % CI 48.8–63.2). mPFS was 5.4 months (95 % CI 4.5–6.4) 
and mOS was 14.1 months (95 % CI 11.6–16.6) (Fig. 2). The 6-months 
PFS rate was 46 % (95 % CI: 38.8–53.6) and the 6-months OS rate 
was 76 % (95 % CI: 69.9–82.1). The duration of response was 5.7 months 
(IQR 3.2–8.7). 

We also performed subgroup analyses on PFS (Fig. S2-S4) and OS 
(Fig. S5-7). PFS and OS seem to be correlated with ECOG PS; a worse 
ECOG PS results in impaired PFS and OS. We did not find a correlation 
between PFS and OS with age or histologic subtype. 

In addition, we analyzed the group of patients who discontinued 
treatment due to TRAE’s (n = 46). The mPFS of this group was 8.02 
months (95 %CI 5.39 – NA), compared to 5.4 months (95 % CI 4.5–6.4) 
for the whole cohort of patients. For mOS, this was 16.1 months (95 % CI 
9.7 – NA) compared to 14.1 months (95 % CI 11.1–18.2). 

Table 1 
Baseline characteristics.   

All patients (n ¼ 184) 

Age, median in years (IQR) 71 (66–76) 
< 65 39 (21.2 %) 
≥ 65 to < 75 91 (49.5 %) 
≥ 75 54 (29.3 %) 
Sex, n  
Male 159 (86.4 %) 
Female 25 (13.6 %) 
ECOG performance status, n  
0 53 (28.8 %) 
1 113 (61.4 %) 
2 8 (4.3 %) 
3 2 (1.1 %) 
Missing 8 (4.3 %) 
Histology, n  
Epithelioid 103 (56.0 %) 
Non-epithelioid 76 (41.3 %) 
Sarcomatoid 48 (26.1 %) 
Mixed 28 (15.2 %) 
Epithelioid peritoneal 3 (1.6 %) 
Mixed peritoneal 1 (0.5 %) 
Missing 1 (0.5 %) 
Line of treatment, n  
No pre-treatment 138 (75.0 %) 
2nd line 39 (21.2 %) 
3rd line 6 (3.3 %) 
4rd line 1 (0.5 %)  

Table 2 
Number of patients experiencing most common TRAE’s requiring immunosup-
pressant treatment.   

All patients (n = 184)  

Grade 2 
n (%) 

Grade 3 
n (%) 

Grade 4 
n (%) 

Grade 5 
n (%) 

Colitis 7 (3.8) 12 (6.5) 0 0 
Pneumonitis 5 (2.7) 7 (3.8) 2 (1.1) 0 
Hepatitis 4 (2.2) 11(6.0) 1 (0.5) 1(0.5) 
Endocrinopathy 16 (8.7) 2 (1.1) 2 (1.1) 0 
Dermatitis 4 (2.2) 4 (2.2) 0 0 
Nephritis 2 (1.1) 0 1 (0.5) 0 
Myocarditis 1 (0.5) 0 1 (0.5) 1 (0.5) 
Musculoskeletal toxicity 21 (11.4) 4 (2.2) 0 1 (0.5) 
Myasthenia 0 1 (0.5) 0 0 
Other toxicities 3 (1.6) 7 (3.8) 1 (0.5) 0  

Table 3 
Objective response rate by mrecist per histological subtype of all patients who 
were evaluable for response.  

Histology Frequency 
(n) 

Percentage 
(%) 

All histologies Complete response 1 0.5 
Partial response 39 21.2 
Stable disease 63 34.2 
Progressive disease* 81 44.0 
Total 184 100 

Epithelioid Complete response 0 0 
Partial response 20 20.6 
Stable disease 30 30.9 
Progressive disease 47 48.5 
Total 97 100 

Non-epithelioid Complete response 1 1.6 
Partial response 18 28.1 
Stable disease 30 46.9 
Progressive disease 15 23.4 
Total 64 100 

Epithelioid peritoneal Stable disease 3 100 
Mixed peritoneal Partial response 1 100 
Subtype unknown Stable disease 1 100 

* 18 patients had clinical deterioration. 
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3.3. Additional analyses 

As a consequence of the nature of real-world setting, the included 
patient population exhibited a meaningful heterogeneity. Subsequently, 
we performed several subgroup analyses. 

3.4. Adverse events in patients treated with a different dosage 

Eight patients had received a deviating dosage of treatment and 
therefore excluded from the analyses (Fig. 1). Two of them experienced 
a TRAE. One patient had hyperthyroidism, which occurred 9 weeks after 
initial treatment that required medication, while the other patient had 
grade 3 musculoskeletal toxicity, which occurred 19 weeks after the 
initial treatment and required corticosteroids. Both patients had 
received 100 mg ipilimumab with an average weight of 70 kg. 

3.5. Corticosteroids 

Seventy-nine patients needed corticosteroids due to adverse events, 
of whom 27 patients had stable disease and 27 patients had partial 
response. Twenty-five patients had progressive disease. 

3.6. Performance status < 2 and first-line treatment (inclusion criteria of 
the CheckMate-743) 

In our cohort, 5.4 % of the patients had an ECOG PS of ≥ 2 and 25 % 
of the patients were treated in second or further lines of treatment. In a 
subgroup analysis excluding these patients (Fig. 1; total included pa-
tients n = 126), we found a median PFS of 6.2 months (95 % CI 4.8 – 
7.6), ORR of 26.3 % and DCR 62.7 % (53.6–71.1). Median OS was 14.9 
months (11.6 – 18.3) (Fig. S8). 

3.7. TRAE’s and discontinuation of treatment related to age and ECOG 
PS 

Since we were interested in safety, we performed several analyses to 
evaluate the frequency of TRAE’s and the numbers of patients who 
discontinued treatment due to toxicity between age categories and 
ECOG PS (Table S2-S5). Relatively most toxicities occurred in the elder 
patient population. In addition, among the patients aged > 75 years, 
29.6 % discontinued treatment due to TRAEs, compared to 24.2 % in 
patients aged 65–74 years and 20.5 % in patients aged < 65 years. 
Toxicity did not seem to be correlated to ECOG PS. 

Fig. 2. Progression-free survival (pfs) and overall survival (OS) in months. A. PFS in months, dotted line shows median PFS (5.4 months (95 % CI 4.5–6.4)). B. OS in 
months, dotted line shows median OS (14.1 months (95 % CI 11.1–18.2)). 
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4. Discussion 

To the best of our knowledge this is the first full paper reported real- 
world cohort study conducted to date to evaluate the safety and activity 
of nivolumab plus ipilimumab in patients with mesothelioma. In the 
Netherlands, two hospitals have been designated as center of expertise 
for patients with mesothelioma: Erasmus Medical Center (Rotterdam) 
and Antoni van Leeuwenhoek Hospital (Amsterdam). All patients who 
were treated in one of these hospitals in the given time period are re-
ported, which accounted for 97 % of all patients treated with nivolumab 
plus ipilimumab in the Netherlands. This 97 % is based on the data from 
the number of applications to BMS for access to the drugs and is based on 
the fact that other hospitals in the Netherlands were in a preliminary 
stage of implementing the combination treatment nivolumab plus ipi-
limumab. As both centers already had experience with this combination 
treatment and were both amongst the highest including centers in the 
CheckMate-743 study both centers are well experienced in recognizing 
and treating TRAE’s. 

Regarding toxicity, the frequency of TRAE’s in our real world pop-
ulation was comparable to the CheckMate-743 study [5] (26 % versus 
30 %), and no new safety signals were reported (Table 2). We found a 
similar percentage of discontinuation of treatment due to TRAE’s among 
the patients in our real-world cohort compared to the CheckMate-743 
study (25 % versus 23 %). 

In our real-world population, we found a numerically lower PFS of 
5.4 months compared to 6.8 months in the CheckMate-743 trial 
(Table 4) and OS (14.1 months versus 18.1 months). This can be 

explained by the fact that the characteristics of the patients treated in 
our real-world cohort did not match well with those of the patients in the 
CheckMate-743 trial. The most relevant difference is the proportion of 
patients in our cohort with a higher ECOG PS (Table 4) as this factor is 
known to be negatively associated with outcome and shown in Fig. S5. 
We also observed a lower duration of response and objective response 
rate. 

It is noteworthy to mention that the small differences we found in the 
median age of our population (71 years compared to 69 years observed 
in the clinical trial, the bigger proportion of men (86 % compared to 77 
%) and the lower proportion of epithelioid histology (56 % compared to 
76 %), seem to have only a small influence on the outcomes as in sub-
group analyses no differences were observed between the groups 
(Fig. S3, S7). 

A large difference with the CheckMate-743 was seen in baseline 
histologic subtype, where we included more patients with sarcomatoid 
subtype (Table 4). This is likely caused by a referral bias, as the benefit 
from nivolumab plus ipilimumab in the CheckMate-743 trial was more 
prominent in the non-epithelial subgroup. As a consequence that part of 
the epithelial subgroup will not be referred to one of the referral centers 
and be treated with chemotherapy. Chemotherapy could be adminis-
tered at the local hospital, whilst nivolumab plus ipilimumab was only 
available at EMC and NKI. Hence, we believe the difference in histo-
logical subtype reflects the real-world situation at the time. At present 
doublet immunotherapy is available in more centers as registered 
treatment for all histological subtypes. 

We included all different lines of treatment in all analyses. In an 
extensive prognostic model, developed by de Gooijer et al, the value of 
line of treatment seemed limited [16]. Thus, possibly this is not the most 
important baseline characteristic to take into account in the analyses. 
The fact that we even found patients treated in a different line or his-
tology signifies the thoroughness of our search to include all mesothe-
lioma patients treated with nivolumab plus ipilimumab. 

Our study is subject to several limitations. Due to its clinical char-
acter, some information, such as low-grade adverse events, was not re-
ported, because this might have been without therapeutic consequences. 
Moreover, our study included three patients with peritoneal mesothe-
lioma, which was not an exclusion criterion in the named patient pro-
gram. Whether the outcomes of ICI in peritoneal mesothelioma are 
comparable to that of pleural mesothelioma is unclear. The patient 
population in a real-world cohort differs from a trial cohort is commonly 
seen [11,12]. 

Due to a limited number of patients, adequate statistical testing to 
confirm correlations was not possible. To address this limitation, a larger 
database is required to increase the statistical power and ensure that any 
observed trends or associations are robust. Nevertheless, possible trends 
in descriptive statistics are informative as well. For example, the 
observation that a higher incidence of TRAE’s may be present, despite 
being treated in highly experienced centers, warrants clinicians to be 
cautious when prescribing nivolumab and ipilimumab and to closely 
monitor patients for potential adverse events. Also, we advise centrali-
zation of this treatment to ensure that patients are treated by a dedicated 
and experienced team. 

Furthermore, this study involved a heterogeneous population 
including patients with a fixed dosing scheme based on a pharmaco-
logical rationale [13]. In addition, nationwide new immunotherapy dose 
schemas are under development or are being tested [14,15]. To be sure 
that the results of the patients in our study were not dose dependent and 
to allow proper comparison with the CheckMate-743 trial, we calculated 
the dose deviation for each patient and excluded those who deviated 
more than 15 % from the standard dosage of ipilimumab. 

Our real-world data of patients with mesothelioma treated with 
nivolumab plus ipilimumab confirmed activity at the expense of a sub-
stantial number of TRAE’s. The median PFS of patients treated in our 
real-life program is comparable with the study population, but only 
when the same selection criteria are applied, omitting patients with poor 

Table 4 
Comparison between the patients treated with nivolumab and ipilimumab in the 
CheckMate-743 trial and our real-world setting.   

CheckMate- 
743 

This study This study 
exclusively 
1st line 
þ ECOG 0–1 

Patient number 303 184 126 
Median age, years (IQR) 69 (65–75) 71 (66–76) 72 (66–77) 
Proportion men, n (%) 234 (77 %) 159 (86 %) 87 % 
1st Treatment line, n (%) 303 (100 %) 138 (75 %) 100 % 
Epithelial histology, n (%) 229 (76 %) 103 (56 %) 55 % 
ECOG PS 0, n (%) 114 (38 %) 53 (29 %) 34 % 
Median duration of 

treatment, months (IQR) 
5.6 (2.0–11.4) 3.0 (1.0 – 

6.0) 
4.1 (2.1 – 
6.2) 

Median number nivolumab 
cycles, n (IQR) 

12.0 
(5.0–23.5) 

6 (range 
1–29) 

7 (4–12) 

Median number ipilimumab 
cycles, n (IQR) 

4.0 (2.0–7.0) 3 (1–14) 4 (2–6) 

DCR, % (95 %CI) 77 % 
(71.4–81.2) 

56.0 % 
(48.8–63.2) 

62.7 % 
(53.6–71.1) 

ORR, % (95 % CI) 40 % 
(34.1–45.4) 

21.7 % 
(16.0–28.4) 

26.3 % 
(18.7–34.8) 

Median duration of 
response, months 

11 (95 %CI 
8.1–11.5) 

5.7 (IQR 
3.2–8.7) 

5.7 (IQR 
3.3––8.5) 

Median PFS, months (95 % 
CI) 

6.8 (5.6–7.4) 5.4 (4.5–6.4) 6.2 (4.8–7.6) 

Median OS, months (95 %CI) 18.1 
(16.8–21.4) 

14.1 
(11.1–18.2) 

15.01 
(12.1–18.0) 

Median follow-up time, 
months (IQR) 

29.7 
(26.7–32.9) 

9.8 
(5.9–13.2) 

– 

Patients with TRAE’s grade 
3–4, n (%) 

91 (30 %) 48 (26 %) 32(25 %) 

Patients with TRAE’s grade 
5, n (%) 

3 (1.0 %) 3 (1.5 %) 3 (2.4 %) 

TRAE’s as reason of 
discontinuation nivo/ipi, n 
(%) 

69 (23 %) 46 (25 %) 31 (25 %) 

Early discontinuation 
ipilimumab, continuing 
monotherapy nivolumab 

9 % 0.5 % – 

Abbreviations: DCR, disease control rate; ORR, overall response rate, PFS, 
progression-free survival; OS, overall survival; IQR, interquartile range. 
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prognostic characteristics. We recommend to prescribe nivolumab- 
ipilimumab with caution. 

5. Role of the funding source 

Nivolumab and ipilimumab were provided free of charge by BMS. 
The pulmonology department of the Erasmus MC received an unre-
stricted grant from BMS. All authors had full access to the data in the 
study and had final responsibility for the decision to submit for publi-
cation. BMS was not involved in the study design, data collection, data 
analysis and interpretation of the data. BMS has read the manuscript and 
approved the final version for submission. 

CRediT authorship contribution statement 

D.W. Dumoulin: . L.H. Douma: Data curation, Investigation, 
Visualization, Writing – original draft, Writing – review & editing, 
Formal analysis, Methodology. M.M. Hofman: Data curation, Formal 
analysis, Validation, Writing – original draft, Writing – review & editing, 
Methodology. V. van der Noort: . R. Cornelissen: Investigation, 
Writing – review & editing. C.J. de Gooijer: Investigation, Writing – 
review & editing. J.A. Burgers: Conceptualization, Formal analysis, 
Investigation, Methodology, Writing – original draft, Writing – review & 
editing. J.G.J.V. Aerts: Conceptualization, Formal analysis, Investiga-
tion, Methodology, Visualization, Writing – original draft, Writing – 
review & editing. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

We thank the patients and their families as well as the investigators, 
the technicians and site personnel involved in the study, and BMS for 
their funding. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.lungcan.2023.107440. 

References 

[1] L. Berzenji, P. Van Schil, Multimodality treatment of malignant pleural 
mesothelioma [version 1; peer review: 2 approved], F1000Research 7 (2018) 1–8, 
https://doi.org/10.12688/F1000RESEARCH.15796.1. 

[2] P. Baas, D. Fennell, K.M. Kerr, P.E. Van Schil, R.L. Haas, S. Peters, Malignant 
pleural mesothelioma: ESMO Clinical Practice Guidelines for diagnosis, treatment 
and follow-up†, Ann. Oncol. 26 (2015) v31–v39, https://doi.org/10.1093/annonc/ 
mdv199. 

[3] N.J. Vogelzang, J.J. Rusthoven, J. Symanowski, C. Denham, E. Kaukel, P. Ruffie, et 
al., Phase III study of pemetrexed in combination with cisplatin versus cisplatin 
alone in patients with malignant pleural mesothelioma, J. Clin. Oncol. 21 (2003) 
2636–2644, https://doi.org/10.1200/JCO.2003.11.136. 

[4] G. Zalcman, J. Mazieres, J. Margery, L. Greillier, C. Audigier-Valette, D. Moro- 
Sibilot, et al., Bevacizumab for newly diagnosed pleural mesothelioma in the 
Mesothelioma Avastin Cisplatin Pemetrexed Study (MAPS): A randomised, 
controlled, open-label, phase 3 trial, Lancet 387 (2016) 1405–1414, https://doi. 
org/10.1016/S0140-6736(15)01238-6. 

[5] P. Baas, A. Scherpereel, A.K. Nowak, N. Fujimoto, S. Peters, A.S. Tsao, et al., First- 
line nivolumab plus ipilimumab in unresectable malignant pleural mesothelioma 
(CheckMate 743): a multicentre, randomised, open-label, phase 3 trial, Lancet 397 
(2021) 375–386, https://doi.org/10.1016/S0140-6736(20)32714-8. 

[6] S. Peters, A. Scherpereel, R. Cornelissen, Y. Oulkhouir, L. Greillier, M.A. Kaplan, et 
al., First-line nivolumab plus ipilimumab versus chemotherapy in patients with 
unresectable malignant pleural mesothelioma: 3-year outcomes from CheckMate 
743, Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 33 (2022) 488–499, https://doi.org/ 
10.1016/j.annonc.2022.01.074. 

[7] Research C for DE and, FDA approves nivolumab and ipilimumab for unresectable 
malignant pleural mesothelioma, FDA (2020). 

[8] ESMO. EMA Recommends Extension of Therapeutic Indications for Nivolumab and 
Ipilimumab n.d. https://www.esmo.org/oncology-news/ema-recommends- 
extension-of-therapeutic-indications-for-nivolumab-and-ipilimumab (accessed July 
18, 2022). 

[9] A.S. Tsao, G.W. Gladish, R.R. Gill, Revised Modified RECIST Criteria in Malignant 
Pleural Mesothelioma (Version 1.1): A Step Forward in a Long Race, J. Thorac. 
Oncol. 13 (2018) 871–873, https://doi.org/10.1016/j.jtho.2018.05.003. 

[10] Common Terminology Criteria for Adverse Events (CTCAE) | Protocol 
Development | CTEP n.d. https://ctep.cancer.gov/protocolDevelopment/ 
electronic_applications/ctc.htm (accessed October 6, 2019). 

[11] A. Santoro, M.E. O’Brien, R.A. Stahel, K. Nackaerts, P. Baas, M. Karthaus, et al., 
Pemetrexed plus cisplatin or pemetrexed plus carboplatin for chemonaïve patients 
with malignant pleural mesothelioma: results of the International Expanded Access 
Program, J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 3 (2008) 
756–763, https://doi.org/10.1097/JTO.0b013e31817c73d6. 

[12] D.W. Dumoulin, L. Cantini, R. Cornelissen, M. Vink, L. Klaase, K. Sloof, et al., 
Lurbinectedin shows clinical activity and immune-modulatory functions in patients 
with pre-treated small cell lung cancer and malignant pleural mesothelioma, Eur. 
J. Cancer Oxf. Engl. 2022 (172) (1990) 357–366, https://doi.org/10.1016/j. 
ejca.2022.06.020. 

[13] J.J.M.A. Hendrikx, J.B.A.G. Haanen, E.E. Voest, J.H.M. Schellens, A.D.R. Huitema, 
J.H. Beijnen, Fixed dosing of monoclonal antibodies in oncology, Oncologist 22 
(2017) 1212–1221, https://doi.org/10.1634/theoncologist.2017-0167. 

[14] R. Malmberg, M. Zietse, D.W. Dumoulin, J.J.M.A. Hendrikx, J.G.J.V. Aerts, A.A. 
M. van der Veldt, et al., Alternative dosing strategies for immune checkpoint 
inhibitors to improve cost-effectiveness: a special focus on nivolumab and 
pembrolizumab, Lancet Oncol. 23 (2022) e552–e561, https://doi.org/10.1016/ 
S1470-2045(22)00554-X. 

[15] R. Ter Heine, M.M. van den Heuvel, B. Piet, M.J. Deenen, A.J. van der Wekken, L.E. 
L. Hendriks, et al., A systematic evaluation of cost-saving dosing regimens for 
therapeutic antibodies and antibody-drug conjugates for the treatment of lung 
cancer, Target. Oncol. 18 (2023) 441–450, https://doi.org/10.1007/s11523-023- 
00958-6. 

[16] Systemic Treatment in Malignant Mesothelioma: Treat it or Leave it. Leiden Univ n. 
d. https://www.universiteitleiden.nl/en/events/2022/06/systemic-treatment-in- 
malignant-mesothelioma-treat-it-or-leave-it (accessed June 14, 2023). 

D.W. Dumoulin et al.                                                                                                                                                                                                                          

https://doi.org/10.1016/j.lungcan.2023.107440
https://doi.org/10.1016/j.lungcan.2023.107440
https://doi.org/10.12688/F1000RESEARCH.15796.1
https://doi.org/10.1093/annonc/mdv199
https://doi.org/10.1093/annonc/mdv199
https://doi.org/10.1200/JCO.2003.11.136
https://doi.org/10.1016/S0140-6736(15)01238-6
https://doi.org/10.1016/S0140-6736(15)01238-6
https://doi.org/10.1016/S0140-6736(20)32714-8
https://doi.org/10.1016/j.annonc.2022.01.074
https://doi.org/10.1016/j.annonc.2022.01.074
http://refhub.elsevier.com/S0169-5002(23)00978-9/h0035
http://refhub.elsevier.com/S0169-5002(23)00978-9/h0035
https://doi.org/10.1016/j.jtho.2018.05.003
https://doi.org/10.1097/JTO.0b013e31817c73d6
https://doi.org/10.1016/j.ejca.2022.06.020
https://doi.org/10.1016/j.ejca.2022.06.020
https://doi.org/10.1634/theoncologist.2017-0167
https://doi.org/10.1016/S1470-2045(22)00554-X
https://doi.org/10.1016/S1470-2045(22)00554-X
https://doi.org/10.1007/s11523-023-00958-6
https://doi.org/10.1007/s11523-023-00958-6

	Nivolumab and ipilimumab in the real-world setting in patients with mesothelioma
	1 Introduction
	2 Methods
	2.1 Study design and procedures

	3 Results
	3.1 Patient characteristics
	3.2 Clinical outcomes in the real-world setting
	3.3 Additional analyses
	3.4 Adverse events in patients treated with a different dosage
	3.5 Corticosteroids
	3.6 Performance status < 2 and first-line treatment (inclusion criteria of the CheckMate-743)
	3.7 TRAE’s and discontinuation of treatment related to age and ECOG PS

	4 Discussion
	5 Role of the funding source
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


