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A B S T R A C T

Background: Despite the approval of nivolumab/ipilimumab, the prognosis of patients with pleural mesothelioma
(PM) remains poor. Although this combination has shown improved survival in the landmark CheckMate (CM)-
743 trial, evidence from real-world settings remains limited.
Methods: In this retrospective, multicenter study, the outcome and safety data for 135 consecutive patients with
first-line nivolumab/ipilimumab were evaluated among 1,575 adult patients with PM from 12 German cancer
centers. Radiologic response and progression were analyzed according to the revised modified RECIST criteria.
Results: The median overall survival (OS) was 13.1 months for the unselected real-world cohort, and 15.5 months
for CM-743-eligible patients (16.7 months for the non-epithelioid and 10 months for the epithelioid subtypes).
Patients who experienced partial responses to nivolumab/ipilimumab had significantly longer survival than
those without (24 months vs. 10.3 months; p = 0.00026). 37 % of patients experienced immune-related adverse
events (irAEs), among whom 58 % had grade 3/4 toxicity. IrAEs of any grade were associated with longer
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survival (17.3 months vs. 11.7 months for patients without irAEs; p = 0.022). Furthermore, grade 1/2 irAEs were
associated with even better outcomes when compared to grade 3/4 toxicities (22.7 months vs. 16.7 months
median OS) and absence of toxicity (p < 0.0167 for trend).
Conclusions: Overall survival with first-line nivolumab/ipilimumab in the real-world setting is comparable to the
CM-743 results among trial-eligible patients, especially with non-epithelioid tumors, but shorter for the unse-
lected cohort. IrAEs, in particular those of low-grade, were associated with better outcomes. In the absence of
predictive biomarkers and with few therapeutic options available, both dual checkpoint blockade and platinum-
pemetrexed chemotherapy remain viable first-line regimens.

1. Introduction

Pleural mesothelioma (PM) is a rare and aggressive cancer affecting
the pleural lining, characterized by a poor prognosis [1]. In 2021, the
combination of nivolumab/ipilimumab was approved by the FDA and
the EMA as a first-line treatment for unresectable PM, following positive
results from the CheckMate (CM)-743 trial. This trial compared nivo-
lumab/ipilimumab with platin/pemetrexed, which had been the only
approved treatment since 2004 [2]. In both epithelioid and non-
epithelioid histology, median overall survival (OS) of around 18
months was achieved with nivolumab/ipilimumab. However, the trial
underscored the therapeutic relevance of histologic subtypes in PM,
since platin/pemetrexed demonstrated significantly shorter survival in
the non-epithelioid subtype (median OS ca. 8 months) [3,4].

Due to the limited effectiveness of platin/pemetrexed in the non-
epithelioid subtype, the combination of nivolumab/ipilimumab has
become the treatment of choice since its approval. However, in the
epithelioid subtype, the benefits of nivolumab/ipilimumab compared to
platin/pemetrexed were modest and lacked statistical significance.
While the improved duration of response observed with nivolumab/
ipilimumab in the CM-743 trial may encourage preference for this
regimen over chemotherapy, the absence of predictive factors compli-
cates the recommendation of one treatment regimen over another in the
epithelioid subtype [5,6]. Recently, the FDA approved pembrolizumab
in combination with chemotherapy for treatment-naïve patients with
PM, based on the IND227 trial. Notably, it is approved only for the non-
epithelioid PM by the EMA. Similar to nivolumab/ipilimumab, this
regimen also demonstrated significant benefits in the non-epithelioid
subtype compared to platin/pemetrexed alone. However, for the
epithelioid subtype again only a numerical improvement was noted [7].

Recent years have seen the emergence of novel insights into the
potential interactions arising from molecular patterns [8–12]. While
higher expression levels of Programmed Cell Death Ligand-1 (PD-L1) are
observed in the non-epithelioid subtype, neither PD-L1 expression nor
tumor mutational burden has demonstrated predictive value in PM
[5,6,13,14]. A high frequency of BAP-1 (BRCA-associated protein 1)
deletions, CDKN2A/B mutations, along with MTAP deletions and other
alterations, has been frequently reported [11,15]. PM is characterized
by a loss of function in tumor suppressor genes, and strategies for the
therapeutic exploitation of certain pathways are currently under inves-
tigation (e.g., PMRT5 inhibition, YAP-TEAD inhibition, and molecularly
stratified trials [MiST]) [16–22]. Regarding checkpoint inhibition,
CDKN2A/B deletions are known to promote immune-suppressive cas-
cades in the tumor microenvironment, thereby limiting its effectiveness
[23]. However, this aspect remains to be explored within the context of
randomized clinical trials.

In this study, we aimed to investigate the survival and safety out-
comes of nivolumab/ipilimumab in adult patients with PM in the first-
line setting.

2. Materials and methods

2.1. Participants

This retrospective, multicenter study included patients from the

German MesoNet Cohort, which comprises 1,575 consecutive patients
with PM from twelve participating German thoracic cancer centers,
certified by the German Cancer Society. All patients were diagnosed
between 1st January 2010 and 31th December 2023. For this particular
study, patients with a confirmed histologic diagnosis of PM were
included if they were treated with first-line nivolumab/ipilimumab and
received at least 2 doses. For eligible patients, demographic information,
clinicopathologic features, baseline laboratory values, outcome vari-
ables, and toxicity data were extracted from the medical records. The
tumor stage was defined according to the 8th edition of the Union for
International Cancer Control (TNM) classification. For patients with
prior multimodal treatment, no specific treatment interval since last
chemotherapy was defined or required.

2.1.1. Study objectives
The primary objective of this study is to evaluate the efficacy of first-

line nivolumab/ipilimumab in patients with PM, as well as to assess
treatment-related toxicity and safety. To achieve this, we analyzed real-
world overall survival (OS), progression-free survival (PFS), and objec-
tive response rates (ORR). Treatment response was assessed locally ac-
cording to the revised modified RECIST criteria [24]. Additionally, we
examined the association of outcomes with various covariates. The
safety and immune-related adverse events (irAEs) were evaluated in
accordance with the National Cancer Institute’s Common Terminology
Criteria for Adverse Events, version 5.0 (CTCAE 5.0) [25].

2.1.2. Statistical analyses
Continuous variables are presented as medians along with inter-

quartile range (IQR). Categorical variables are reported as counts and
percentages. The start date of the first-line treatment was designated as
the baseline date for all outcome analyses and for calculating the median
follow-up time. The median follow-up time was determined using the
reverse Kaplan-Meier method. OS was defined as the time interval in
months from the initiation of first-line treatment (baseline) to either the
death event or the last date of contact for patients who were still alive
(censoring). PFS was defined as the time interval in months from base-
line until documented disease progression or death, whichever occurred
first.

The survival curves and rates were estimated using the Kaplan-Meier
method. Significance was confirmed by the log-rank test, using a p-value
of less than 0.05 as a cut-off. Univariate and multivariable analyses were
conducted using Cox regression models. All statistical analyses were
conducted, and figures were generated using R version 4.4.1.

Data collection and analysis were approved by the Ethics Committee
(S-062/2023, Heidelberg University), while informed consent was
waived due to the retrospective nature of this study.

3. Results

3.1. Patient characteristics

A total of 135 consecutive patients treated with first-line nivolumab/
ipilimumab among 1,575 from the MesoNet cohort were included in this
study (Fig. 1). Patient characteristics are summarized in Table 1. The
median age at diagnosis was 72.8 years (IQR 66.3–78.4), with 21.5 % of
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patients being younger than 65 years. The cohort consisted of predom-
inantly male (85 %) patients with epithelioid tumors (67 %), a current or
past smoking history (55 %), and occupational exposure to asbestos (70
%). In most cases (95 %), PM was recognized as an occupational disease
by the employers’ liability insurance association. 95 % of patients had
an Eastern Cooperative Oncology Group Performance Status (ECOG PS)
of 0 or 1 at the time of diagnosis, while five patients (5 %) were in poor
condition (ECOG PS ≥ 2), and the ECOG status not documented for 23
cases. Most patients had multiple comorbidities as evident by a Charlson
comorbidity index (CCI) > 4, higher than 11 was not recorded in our
cohort, however 62 % of cases had high CCI (Table S1 and S2). Most
patients had TNM stage IA or IB (67 %) according to TNM8, while 27 %
had stage IIIB or IV. The PD-L1 expression was assessed in 32 patients, of
whom 18 (56 %) tested positive. Among these, PD-L1 expression in
immune cells was evaluated for 22 patients and absent in 4 of them.

In median, four cycles (IQR 2–6) of nivolumab/ipilimumab were
administered, with a maximum of 42 cycles. The median duration of
treatment was 2.5 months.

3.2. Efficacy

The median follow-up time was 20.2 months (95 % confidence in-
terval [CI] 19–28.2 months). For the entire cohort, the median OS was
13.1 months (95 % CI 10.1–16.7) (Fig. 2A). Among the epithelioid
subtype, the median OS was 13.1 months (95 % CI 9.6–16.8) as
compared to 16.6 months (95 % CI 10.0 − not reached [NR]) in the non-
epithelioid subtype (hazard ratio [HR] 0.83 (95 % CI 0.5–1.3); p = 0.43)

(Fig. 2B). The OS rates at 6, 12, and 18 months were 79 %, 52 % and 33
% for the epithelioid subtype, and 74 %, 54 %, and 43 % for the non-
epithelioid subtype, respectively.

The median PFS for the cohort was 4.2 months (95 % CI 3.4–5.6),
with no significant difference observed between histologic subtypes
(Fig. 3A and Fig. 3B). The median PFS was 3.8 months (95 % CI 3.1–5.3)
for the epithelioid and 4.8 months (95 % CI 3.5–11.0) the non-
epithelioid subtype. For patients younger than 75 years, the median
PFS was 4.6 months (95 % CI 3.7–7.2), compared to 3.7 months (95 % CI
2.8–6.2) in the older population (HR 0.92 [95 % CI 0.6–1.3]; p = 0.7).

Older age over 75 years at diagnosis was associated with a shorter
median OS of 9.4 months (95 % CI 8.5–13.3) compared to 16.3 months
(95 % CI 13.6–22.1) for younger patients (HR 1.41 [95 % CI 0.9–2.2]; p
= 0.118) (Fig. S1A). The median OS among patients with ECOG PS
scores of 0 and 1 was 15.5 months versus 12.8 months, respectively (HR
1.13 [95 % CI 0.7–1.8]; p = 0.62). There was no difference in the OS
between patients with fewer (low CCI < 3) versus more (CCI > 4)
comorbidities.

Twenty-nine patients in our cohort (27 with epithelioid and 2 with
biphasic histology) had received prior cytoreductive surgery, including
adjuvant treatment in almost all (28/29) cases. For the entire cohort, the
survival outcomes were similar regardless of prior multimodal treatment
or not (13.0 vs. 15.5 months, respectively, HR 0.88, [95 % CI 0.5–1.4]; p
= 0.63) (Fig. S1B). However, OS was significantly longer for patients
with longer (>6 months) vs. shorter treatment-free interval (TFI) be-
tween the end of adjuvant treatment and initiation of first-line nivolu-
mab/ipilimumab (26.5 months vs. 10 months, HR 4.3 [95 % CI

Fig. 1. Study flowchart.
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1.5–12.2]; p = 0.003). The median TFI was 6.2 months (IQR: 3.3–16-3).

3.2.1. Outcome in CM-743-eligible patients
For improved comparability with the CM-743 trial, we selected a

sub-cohort of patients who were treatment-naïve (without prior multi-
modal treatment), aged 18 years or older, and had an ECOG PS of 0 or 1.
The mOS and mPFS among these CM-743-eligible patients (N = 102)
were 15.8 months (95 % CI 12–22.4) and 4.5 months (95 % CI 3.5–5.6),
respectively (Fig. 4A and Fig. 4B). The mOS and mPFS for non-
epithelioid vs. epithelioid subtypes was 16.7 vs. 10 months (HR 0.71
[95 % CI 0.4–1.2]; p = 0.19, Fig. 4C) and 5.2 months vs. 3.8 months (HR
0.65 [95 % CI 0.4–1.0]; p = 0.057).

The ORR in our cohort was 18 %. No complete responses were
recorded. The ORR was higher in the non-epithelioid subtype compared
to the epithelioid subtype (24 % vs. 15 %, p = 0.26). Stable disease was
observed in 37.5 % of patients, resulting in a disease control rate of 55.5
%. Progressive disease was the best response in 44.5 % of patients.

Patients with a partial response to nivolumab/ipilimumab (n = 23)
had significantly better median OS of 24.1 months compared to 10.4
months for those without (n = 112, HR 0.29 [95 % CI 0.1–0.6], p =

0.00026, Fig. S2A). The survival probability for patients with an ongoing
response at 1-year and at 2-year were 90 % (95 % CI 0.77–1.0) and 59 %
(95 % CI 0.4–0.9), respectively. The median duration of response was
12.4 months (95 % CI 7.9-NR) (Table S3).

3.3. First subsequent treatment

Among the entire study population of 135 patients treated in the
first-line setting, only 57 (42 %) received subsequent second-line
treatment following disease progression. Of the 78 (58 %) patients
who did not receive further treatment, 46 (59 %) had died after
completing first-line therapy. Thirty-two (41 %) patients remained alive,
but further treatment was not recommended for the following reasons:
best supportive care was recommended in 17 (53 %) patients, 9 (28 %)
patients experienced prohibitive treatment related adverse events and 6
(18 %) had a poor ECOG PS upon disease progression (Fig. S3).

The most common second-line treatment, as summarized in Table S4,
was pemetrexed-based platinum chemotherapy, administered to 40 out
of 57 patients (70 %), followed by single-agent chemotherapy, which
was given to 13 out of 57 patients (23 %). The median OS for patients
who received platinum plus pemetrexed after progression on nivolu-
mab/ipilimumab was 17.4 months (95 % CI:13.3–25.8) from baseline,
and 11.6 months (95 % CI: 9.5–15.8) from the initiation of chemo-
therapy. The median follow-up time from initiation of chemotherapy
(second-line) was 19.2 months.

3.4. Safety and toxicity

Overall, 72 irAEs were observed in 50 patients, representing 37 % of
the cohort. Seventeen patients experienced two or more irAEs, while
four patients experienced four or more. Twenty-seven (54 %) patients
exhibited grade 1 or 2 toxicities, compared to 29 (58 %) patients who
experienced grade 3 or 4 toxicities, with six patients experiencing both
toxicity grades. The irAEs occurred more frequently in the non-
epithelioid subtype than in the epithelioid subtype (58 % vs. 27 %; p
< 0.001) (Table S5). The most common irAEs are summarized in
Table 2. These included colitis, hepatitis, arthritis, and thyroiditis,
which accounted for 63 % of all toxicities. In contrast, colitis, hepatitis,
arthritis, pneumonitis, and myositis were the most frequently observed
severe toxicities, comprising 83 % of all grade 3 or 4 toxicities. No
treatment-related deaths or grade 5 irAE were recorded. The median
time to onset of irAEs was 87 days (range: 2–457 days; IQR: 36–185)
from start of nivolumab/ipilimumab. In 21 (42 %) patients, the irAEs
were observed after the completion of treatment with a median onset 20
days after the last immunotherapy administration (range: 2–283 days;
IQR: 7–74).

3.5. Toxicity and outcomes

Patients without any irAEs (n = 85) had a shorter median OS of 11.7
months (95 % CI 9.4–14.8), compared to 17.3 months in patients with
immune toxicities (N = 50) [HR of 0.59 (95 %CI 0.4–0.9); p = 0.022].
Similarly, the median PFS was 3.2 months versus 7.1 months in “no
toxicity” and “toxicity” group, respectively [HR 0.42 (95 %CI 0.3–0.6);
p < 0.0001]. Furthermore, patients with grade 1/2 toxicities (N = 21)
had longer OS (22.7 months in median, 95 %CI 10.1- NR) compared to
the grade 3/4 toxicity group (N = 29, 16.7 months, 95 %CI 9.6-NR, HR
1.39 [95 %CI 0.6–3.1]; p < 0.0167 for trend among the three subgroups)
(Fig. S4A).

IrAEs leading to a treatment discontinuation occurred in approxi-
mately 19 % of patients. Of note, half of the patients with any irAE had
to discontinue immunotherapy (N = 26). The reasons for treatment
discontinuation are summarized in Table S6. It was more frequent in
non-epithelioid subtype than in epithelioid subtype (26 % vs. 15 %). The
median OS in treatment discontinuation group due to irAE was 17.4
months (95 %CI 9.99-NR) vs. 12.8 months (95 %CI 9.6–16.6) in

Table 1
Patient Characteristics by subtypes.

Variable Overall
N = 135a

Epithelioid
N = 90a

Non-
epithelioid
N = 45a

p-
valueb

Sex ​ ​ ​ 0.7
Male 115 (85

%)
76 (84 %) 39 (87 %) ​

Female 20 (15 %) 14 (16 %) 6 (13 %) ​
Age, years ​ ​ ​ 0.038
<65 29 (21 %) 24 (27 %) 5 (11 %) ​
≥65 to < 75 52 (39 %) 36 (40 %) 16 (36 %) ​
≥75 54 (40 %) 30 (33 %) 24 (53 %) ​
Smoking status ​ ​ ​ 0.2
Current or former 52 (55 %) 38 (59 %) 14 (47 %) ​
Never 42 (45 %) 26 (41 %) 16 (53 %) ​
Unknown 41 26 15 ​
Asbestos exposure 69 (70 %) 46 (69 %) 23 (74 %) 0.6
Unknown 37 23 14 ​
ECOG PS Score ​ ​ ​ 0.6
0 45 (40 %) 34 (44 %) 11 (32 %) ​
1 62 (55 %) 41 (53 %) 21 (62 %) ​
≥ 2 5 (4 %) 3 (4 %) 2 (6 %) ​
Unknown 23 12 11 ​
TNM Stage ​ ​ ​ 0.7
IA 14 (16 %) 9 (15 %) 5 (19 %) ​
IB 45 (51 %) 34 (56 %) 11 (41 %) ​
II 1 (1 %) 1 (2 %) 0 (0 %) ​
IIIA 4 (5 %) 3 (5 %) 1 (4 %) ​
IIIB 17 (19 %) 10 (16 %) 7 (26 %) ​
IV 7 (8 %) 4 (7 %) 3 (11 %) ​
Unknown 47 29 18 ​
Second-line ​ ​ ​ 0.8
Dual Immunotherapy 1 (2 %) 1 (2 %) 0 (0 %) ​
Mono Chemotherapy 13 (23 %) 9 (21 %) 4 (29 %) ​
Mono Immunotherapy 1 (2 %) 1 (2 %) 0 (0 %) ​
Platinum Chemotherapy 42 (74 %) 32 (74 %) 10 (71 %) ​
Previous multimodal

therapy
​ ​ ​ 0.071

Surgery + Chemotherapy 26 (90 %) 25 (93 %) 1 (50 %) ​
Surgery + Chemotherapy
+ RT

2 (7 %) 2 (7 %) 0 (0 %) ​

Surgery only 1 (3 %) 0 (0 %) 1 (50 %) ​
PDL1 status ​ ​ ​ 0.5
<1% 14 (44 %) 7 (39 %) 7 (50 %) ​
1 %-50 % 13 (41 %) 9 (50 %) 4 (29 %) ​
≥50 % 5 (16 %) 2 (11 %) 3 (21 %) ​
Unknown 103 72 31 ​

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance
Status; RT, Radiotherapy; PDL1, Programmed Cell Death Ligand 1;

a n (%).
b Pearson’s Chi-squared test; Fisher’s exact test.
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remaining patients (HR 0.77 [95 %CI 0.4–1.3]; p = 0.32) (Fig. S4B), and
the median PFS was 7.1 months vs. 3.9 months (HR 0.68 [95 %CI
0.4–1.1]; p = 0.118), respectively. The probability of irAE was signifi-
cantly associated with the antitumor efficacy as evident by a higher
discontinuation rate in patients who achieved a partial response
compared to stable disease and progressive disease (35 % vs. 23 % vs. 11
%, respectively; p = 0.04; Fig. S5). Besides, the systemic immune-
inflammation index (SII) and platelet-to-lymphocyte ratio (PLR) were
lower in patients with drug discontinuation due to irAE (p = 0.05;
Fig. S6, and p = 0.08; Fig. S7, respectively), while no differences were
noted regarding the lung immune prognostic index (LIPI) score (p =

0.37; Fig. S8), advanced lung cancer inflammation index (ALI), derived
NLR (dNLR) and neutrophil-to-lymphocyte ratio (NLR) (Table S7). No
association with OS was found for these parameters.

When we dichotomized the cohort based on good vs. poor median OS
to explore the association of each factor to the survival, the poor survival

was associated with poor PFS (74 % vs. 35 %; p < 0.001) and response
(8 % vs. 33 %; p < 0.001) rate. Moreover, older age ≥ 75 years (44 % vs.
33 %) and non-epithelioid histology (37 % vs. 27 %) were common in
the poor survival group (Table S8).

4. Discussion

In this retrospective multicenter cohort study of patients diagnosed
with PM, we conducted efficacy and safety analyses of first-line treat-
ment with nivolumab/ipilimumab (n = 135), and explored the out-
comes of subsequent treatments. To the best of our knowledge, our study
represents one of the largest real-world cohorts of patients with PM
treated exclusively with nivolumab/ipilimumab in the first-line setting.
Recent real-world studies from Australia (N = 89), France (early access
program; n = 201), the Latin American (LATAM) group (N = 96), the
Netherlands (N = 126) and Switzerland (N = 47) have reported

Fig. 2. Overall survival in all patients (A) and by histologic subtypes (B).
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outcomes and/or safety data for nivolumab/ipilimumab in PM in the
first-line settings [26–30].

Our data indicate a shorter median OS and PFS with first-line nivo-
lumab/ipilimumab for the unselected real-world cohort compared to the
CM-743 trial (13.0 vs. 18.1 months, and 4.2 vs. 6.8 months, respectively)
[3]. The median OS in our cohort was comparable to the Dutch (14.1
months), the Swiss (12.6 months) and the Australian (14.5 months) real-
world studies, while the French and LATAM studies had shown better
results (18.9 and 22 months, respectively). The median OS in epithelioid
and non-epithelioid subtype were 13.1 months and 16.6 months in our
cohort versus 18.7 months and 18.1 months in the CM-743 trial,
respectively. Interestingly, the Australian, the French and the LATAM
group reported numerically higher median OS in the epithelioid subtype
compared to the non-epithelioid subtype (19 months vs. 13 months, 21
months vs. 14 months, and 23 months vs. 19 months, respectively). Only
42 % of patients in our cohort received second-line treatment, which is
lower compared to the CM-743 (44 %), the Dutch study (47 %) and the

French study (66 %) [26–30]. Among patients who received second-line
platin/pemetrexed, the median OS was 17.4 months in our cohort, while
Duoma et al. recently reported median OS of 8.2 months. Of note, the
median follow-up time was longer in our cohort (19.2 months vs. 7.9
months) [31].

Twenty-eight (20 %) patients had received multimodal treatment
including surgery and chemotherapy with or without radiotherapy in
our study, whereas none in the CM-743 trial had undergone prior sur-
gery for PM. Recently, the MARS-2 study demonstrated that patients
treated with a multimodal strategy experienced poorer outcomes
compared to those receiving systemic treatment alone [32]. In a subset
of treatment-naïve patients from our cohort, who would potentially be
eligible for the CM-743 trial, the mOS and the mPFS were comparable to
those observed in the CM-743 trial. The non-epithelioid subtype showed
significant benefits from nivolumab/ipilimumab in this selected group
of patients, which aligned with the results from the CM-743 trial.
Conversely, the outcomes for patients with the epithelioid subtype were

Fig. 3. Progression free survival in all patients (A) and by histologic subtypes (B).
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less favorable when compared to those observed in the CM-743 trial. The
survival difference between the entire cohort and the trial-eligible
subset of patients in our study aligns with the results reported by the
Australian RIOMeso study, which demonstrated that the mOS improved
by approximately three months for trial-eligible patients compared to
the unselected cohort [27].

The shorter OS in this and other real-world studies compared to CM-
743 can be attributed to multiple factors. In our cohort poor OS was
characterized by a higher percentage of older individuals, a predomi-
nance of the non-epithelioid subtype, elevated ECOG PS, an increased
rate of early progression and a lower rate of second-line therapy
(Table S8). Additionally, we observed a remarkably lower duration of
treatment and fewer treatment cycles, which align with a lower median
PFS in our cohort compared to the aforementioned real-world studies.
Additionally, a lower proportion of patients (31 %) proceeded to receive
platin/pemetrexed in the second-line, which is less effective in the non-

epithelioid subtype. These factors may have contributed to the lower
overall efficacy readouts in our cohort, including disease control rate,
overall response rate, and progressive disease. For instance, the pro-
portion of patients older than 75 years was significantly higher in our
cohort than in the CM-743 trial (40 % vs. 26 %). In this group of patients
benefit of nivolumab/ipilimumab was not observed in the CM-743 trial.
The ECOG PS ≥ 2 was documented in only 5 out of 135 patients, likely
due to an overestimation of general fitness at baseline. In additional 17
% of patients, ECOG PS was not available. Potentially, the poor ECOG PS
among these patients may have contributed to the adverse outcome
under nivolumab/ipilimumab in our cohort. In the Swiss study, the mOS
for patients with poor ECOG PS (≥2) was 9.1 months as compared to
18.3 months for patients with good ECOG PS [30]. Similarly, the Dutch
study reported improved mOS when patients with poor ECOG PS > 1
were excluded [26]. Moreover, most of the patients (62 %) in both
histologic subtypes had high charlson comorbidity index (Table S2).

Fig. 4. Overall survival (A), progression-free survival (B) and overall survival by subtypes (C) among trial-eligible patients.
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Finally, the median duration of treatment was significantly shorter in
our cohort compared to the CM-743 trial (2.5 months vs. 5.6 months)
[3].

Despite low objective response rates in our cohort (18 %), which may
in part be related to the decentralized radiological assessment, the
duration of response is comparable to that of the CM-743 trial. Also, the
incidence of high-grade (grade 3/4) irAEs appears to be consistent
across most of aforementioned real-world studies, ranging from 20 % to
25 %, and slightly lower than that reported in the CM-743 trial (21 % vs.
30 %), which could be related to some underreporting in retrospective
studies [3,26–29].However, among patients who did experience
toxicity, we also observed improved OS and PFS similar to the obser-
vations in the CM-743 trial reported by Offin et al. [33]. A similarly
better prognosis for patients with irAE has been also reported for NSCLC,
as well [34]. One clinically relevant additional insight offered by the
current analysis concerns patients experiencing low-grade irAEs, who
demonstrated even better survival than those with high-grade toxicity,
an aspect not addressed by the CM-743 study so far. We also noted that
severe immune related toxicities are common, especially gastro-

intestinal, hepatic and skin, and cannot be overlooked. Even in
specialized centers, it is crucial to refine patient selection to determine
which individuals should not be recommended for immunotherapy as a
treatment of choice. In accordance to the CM-743 trial, our results also
show that patients who discontinued treatment due to irAEs had better
outcome compared to the rest [4]. We also found that the best overall
response was statistically correlated to the better response to treatment
(PR > SD > PD) in patients with treatment discontinuation due to irAEs
(Fig. S5). Analyzing inflammatory indices of interest, we found low SII
and PLR in patients with treatment discontinuation due to irAE, who
yielded better survival than the group without treatment discontinua-
tion (Fig. S6 and S7), which is in accordance to the report by PROMISE-
Meso trial group, in which high SII was associated with worse PFS and
OS [35]. Nevertheless, in our cohort, OS was not associated with
expression of SII. Interestingly, twice as much patients with non-
epithelioid subtype, which performed better in our cohort, had experi-
enced an irAE compared to the epithelioid subtype (Table S5).

Due to the retrospective multicenter cohort assembly, inherent lim-
itations of this analyses potentially stem from the heterogeneity in the
standards of management, the timing of response assessments, and the
challenging response evaluation in PM. Moreover, not all adverse events
may have been thoroughly reported in our cohort, particularly for pa-
tients experiencing low-grade adverse events where no treatment was
required or where external treatment was not documented. Of note,
potentially trial-eligible patients showed longer survival than the un-
selected population in our study, however, due to the retrospective na-
ture of this study these findings are exploratory and should be
interpreted with caution.

Recent trials have highlighted the critical role of histology in treat-
ment recommendations for PM. In cases of non-epithelioid PM, nivolu-
mab/ipilimumab has demonstrated significantly better outcomes
compared to pembrolizumab/chemotherapy or chemotherapy alone.
This makes nivolumab/ipilimumab the preferred treatment option.
However, pembrolizumab/chemotherapy may serve as a viable alter-
native, especially for patients at high risk for irAE, in which dual
checkpoint inhibitors are less preferable.

In contrast, no clear advantage has been observed for immuno-
therapy in patients with epithelioid PM, either as nivolumab/ipilimu-
mab or pembrolizumab in addition to chemotherapy when compared to
standard chemotherapy. Unfortunately, predictive biomarkers that

Fig. 4. (continued).

Table 2
Immune-related toxicities.

Characteristic Grade 1/2
N ¼ 37a

Grade 3/4
N ¼ 35a

Overall
N ¼ 72a

Colitis 4 (11 %) 9 (26 %) 13 (18 %)
Hepatitis 4 (11 %) 9 (26 %) 13 (18 %)
Arthritis 5 (14 %) 5 (14 %) 10 (14 %)
Thyreoiditis 8 (22 %) 1 (2.9 %) 9 (13 %)
Dermatitis 2 (5.4 %) 2 (5.7 %) 4 (5.6 %)
Pneumonitis 1 (2.7 %) 3 (8.6 %) 4 (5.6 %)
Endocrinopathy 3 (8.1 %) 0 (0 %) 3 (4.2 %)
Infusion Reaction 2 (5.4 %) 1 (2.9 %) 3 (4.2 %)
Myositis 0 (0 %) 3 (8.6 %) 3 (4.2 %)
Pruritus 3 (8.1 %) 0 (0 %) 3 (4.2 %)
Myocarditis 2 (5.4 %) 0 (0 %) 2 (2.8 %)
Asthenia 1 (2.7 %) 0 (0 %) 1 (1.4 %)
Hypocortisolism 0 (0 %) 1 (2.9 %) 1 (1.4 %)
Hypophysitis 1 (2.7 %) 0 (0 %) 1 (1.4 %)
Necrotising Fasciitis 0 (0 %) 1 (2.9 %) 1 (1.4 %)
Nephritis 1 (2.7 %) 0 (0 %) 1 (1.4 %)

a n (%).
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could guide treatment recommendations have yet to be identified.
Therefore, for treatment-naïve patients with epithelioid PM, all treat-
ment options including platinum/pemetrexed, nivolumab/ipilimumab,
and pembrolizumab/chemotherapy are reasonable. The choice of
treatment should be prioritized based on individual preferences and
comorbidities.

Overall, in our cohort, nivolumab/ipilimumab did not replicate the
survival outcomes observed in the landmark trial when used in the un-
selected real-world setting. While the outcomes among the potentially
trial-eligible patients were better for the non-epithelioid subtypes, they
remained poor among patients with epithelioid subtypes. Given the re-
sults with discrepancies reported in real-world data, it is essential to
investigate these findings in a larger prospective real-world population,
specifically to identify prognostic parameters related to dual immuno-
therapy combination that could guide the choice of therapy for epithe-
lioid tumors. Moreover, in regard to the recent FDA approval of
pembrolizumab and chemotherapy, incorporation of various regimens
for further research is warranted. Furthermore, there is an unmet need
to understand the biology of pleural mesothelioma to guide the selection
of more effective individualized treatments.

5. Conclusion

In our real-world study, the efficacy of nivolumab/ipilimumab was
less pronounced among the unselected patients with PM. However, the
outcomes among potentially trial-eligible patients were comparable to
those observed in the CheckMate 743 trial, especially in the non-
epithelioid subtype. Immune-related adverse events were common;
and associated with better outcomes, in particular if low grade. In the
absence of predictive biomarkers and with few therapeutic options
available, both dual checkpoint blockade and platinum-pemetrexed
chemotherapy remain viable first-line regimens.
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