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Abstract. Malignant pleural mesothelioma (MPM) is 
considered a relatively uncommon disease but its incidence is 
increasing worldwide. Patients affected by MPM have a very 
severe prognosis and have been often occupationally and envi‑
ronmentally exposed to asbestos. In recent years, checkpoint 
inhibitors have dramatically revolutionized the paradigm for the 
treatment of several malignancies. Several efforts have also been 
made to improve the survival outcomes of patients with MPM 
and after decades, the standard‑of‑care systemic treatment for 
unresectable MPM, based on first‑line combination chemo‑
therapy with cisplatin and pemetrexed, has changed. In addition 
to checkpoint inhibitors, other types of treatments, such as 
molecularly targeted therapy have been evaluated. However, to 
date, the results of these investigations are not very encouraging. 
The aim of the present review is to provide a comprehensive 
overview of the most relevant data of clinical trials regarding 
recent treatment strategies of MPM with a particular focus on 
immunotherapeutic and targeted approaches.
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1. Introduction

Malignant pleural mesothelioma (MPM) is an aggressive 
disease of the pleura, associated with exposure to asbestos and 
globally poor outcomes and divided among epithelioid, sarco‑
matoid, and mixed histology, accounting for 69, 19 and 12%, 
respectively. While MPM has generally been described as a 
rare malignancy, the burden of this disease account for more 
than 30,000 annual deaths in the United States. Notably, MPM 
develops after 3‑4 decades after initial exposure to asbestos. 
While some MPM patients can be treated with radical 
approaches, the benefit of surgery, even when technically 
feasible, is still object of debate. Currently, selected patients 
affected by non‑sarcomatoid MPM and with good performance 
status might receive systemic antineoplastic treatment as part 
of multi‑modal approaches including neoadjuvant chemo‑
therapy, surgery (pleuro‑pneumonectomy or radical pleural 
decortication), and radiation therapy. However, most patients 
only receive systemic antineoplastic treatment as the only 
antineoplastic treatment, either due to disease extension and 
histology. For years, the mainstay of systemic treatment in first 
line for MPM has been represented by chemotherapy regimens 
including a platinum‑derivate (either cisplatin or carboplatin) 
and an antimetabolite (pemetrexed), while second‑line treat‑
ments are far less standardized and usually involve single‑agent 
treatments such as gemcitabine and vinorelbine (1).

More recently, novel antineoplastic agents have been 
employed in MPM, including both immune checkpoint 
inhibitors (ICIs) and targeted agents.

The aim of this review is to report the most recent updates 
regarding the use of novel antineoplastic agents in MPM, 
with specific reference to immune checkpoint inhibitors and 
targeted agents. To this aim, we have searched through the 
currently available literature published on PubMed, PMC 
and NLM databases to identify suitable studies involving 
novel agents for the treatment of pleural mesothelioma, with 
specific reference to immune checkpoint inhibitors and 
targeted agents; furthermore, we evaluated abstracts from 
the most relevant oncology conferences held by international 
associations, including the European Society for Medical 
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Oncology (ESMO), American Society for Clinical Oncology 
(ASCO), and International Association for the Study of Lung 
Cancer (IASLC).

Based on our findings, we organized the manuscript with 
the following outline: ICIs (described according to line of treat‑
ment and involved drugs); targeted agents (described according 
to the involved molecular target). The drugs discussed in this 
review are summarized in Table I.

2. Malignant pleural mesothelioma (MPM)

At diagnosis, approximately  60‑90% of patients affected 
by MPM presented pleural thickening and pleural effusion, 
accounting for the most common presenting symptoms of 
dyspnea and chest wall pain. Other frequent complaints 
included fever, fatigue, weight loss, and sweats (2).

The pathologic diagnosis of MPM should always be based 
on the results obtained from an adequate biopsy.

Epithelioid mesothelioma, often associated with the most 
favorable prognosis, is composed of polygonal, cuboidal, or 
oval cells that frequently mimic reactive mesothelial cells. 
Sarcomatoid mesothelioma, which is the more aggressive 
histologic subtype, usually consists of spindle cells but can 
be composed of lymphohistiocytoid cells and/or contain 
heterologous rhabdomyosarcomatous, osteosarcomatous, or 
chondrosarcomatous elements. Biphasic mesothelioma instead 
contains both epithelioid and sarcomatoid areas within the 
same tumor (3).

3. Immunotherapy

The use of immunotherapy for the treatment of unresectable 
MPM has been explored in multiple trials, including ICIs 
either as single‑agent or as part of combination regimens. 
The following paragraphs report the most relevant findings 
according to employed agents and lines of treatment. Notable 
outcomes have been summarized in Table II.

First‑line
Ipilimumab plus nivolumab. In the randomized, phase  III 
CheckMate 743 study, 605 MPM patients were randomized 
(1:1) to receive first‑line treatment with nivolumab (3 mg/kg 
every 2 weeks) and ipilimumab (1 mg/kg every 6 weeks) for 
up to 2 years or chemotherapy regimen with platinum and 
pemetrexed for a maximum of 6 cycles. The primary endpoint 
of the study was overall survival  (OS). A significant OS 
benefit has been reported in patients treated with combination 
immunotherapy compared to chemotherapy: median OS was 
18.1 months with nivolumab plus ipilimumab compared to 
14.1 months with chemotherapy (HR, 0.74; P=0.002).

The 2‑year OS rate was 41% with immunotherapy and 
27% with chemotherapy. No significant differences in terms 
of progression‑free survival (PFS) were observed between the 
two arms: 6.8 months with nivolumab plus ipilimumab and 
7.2 months with chemotherapy. Although objective response 
rates (ORR) were similar (40 vs. 43%), the median duration 
of response was significantly longer with combination 
immunotherapy (11.0 versus 6.7 months).

In the experimental arm, median OS was similar between 
patients with tumor PD‑L1 expression <1% and ≥1% (17.3  vs. 

18 months); conversely, in the chemotherapy arm, median 
OS was significantly longer among patients with PD‑L1 <1% 
than among patients with PD‑L1 ≥1% (16.5 vs. 13.3 months). 
Results of a pre‑planned subset analysis considering histo‑
logic subtypes showed a more prolonged median OS with 
immunotherapy compared to chemotherapy in patients with 
non‑epithelioid histology (18.1 vs. 8.8 months; HR, 0.46). 
Conversely, in epithelioid histology, OS benefit with immu‑
notherapy did not reach statistical significance (18.7  vs. 
16.5 months; HR, 0.86). The percentage of treatment‑related 
toxicity (TRAEs) was similar between the two arms of treat‑
ment: 30% with nivolumab plus ipilimumab and 32% with 
chemotherapy.

The most frequently TRAEs reported with the combination 
of immunotherapy were dermatological, gastrointestinal, 
endocrine, hepatic, pulmonary, renal, and hypersensitivity/
infusion reaction events (4).

Patients treated with ipilimumab plus nivolumab compared 
to those who received chemotherapy maintained quality of life 
and experienced a decreased risk of definitive deterioration in 
disease‑related symptoms as well as health‑related quality of 
life (HRQoL) (5).

In October 2020, based on findings of CheckMate 743, the 
Food and Drug Administration (FDA) approved the combina‑
tion of nivolumab (360 mg every 3 weeks) plus ipilimumab 
(1 mg/kg every 6 weeks), until disease progression, intolerable 
toxicities or up  to  2  years, in patients with unresectable 
previously untreated MPM (6).

At ESMO Congress 2021, Peters et al reported a 3‑year 
update of efficacy results from CheckMate 743. The combina‑
tion of nivolumab with ipilimumab continued to demonstrate a 
survival benefit compared with chemotherapy (3‑years OS rate 
of 23 vs. 15%, respectively). Furthermore, exploratory biomarker 
analyses showed that a high score of 4‑gene inflammatory 
signature (CD8A, STAT1, LAG3, and CD274) seems to corre‑
late with improved survival benefit with immunotherapy (7).

Durvalumab plus chemotherapy. First‑line treatment with 
durvalumab plus chemotherapy has been investigated in 
unresectable MPM patients in two phase II trials: PrE505 and 
DREAM study with encouraging results (8,9).

In the PrE505 study, 55 patients enrolled in 15 hospitals in 
the United States (US), received platinum/pemetrexed‑based 
chemotherapy with durvalumab for a maximum of 6 cycles 
followed by durvalumab maintenance up  to  1  year. The 
primary endpoint was OS. The combination of chemotherapy 
plus durvalumab showed a remarkable OS of 21.1 months and 
the OS rate was 70% at 1 year (6).

In the DREAM study, 55  patients from 9  hospitals in 
Australia were treated with platinum/pemetrexed‑based 
chemotherapy in combination with durvalumab (at the fixed 
dose of 1,125 mg) for a maximum of 6 cycles followed by 
durvalumab maintenance up to 1 year. The primary endpoint 
was PFS at 6 months, according to the immune‑related modified 
Response Evaluation Criteria in Solid Tumors (ir‑RECIST). 
At 6 months, 34 patients (57%) were progression‑free. The 
combination treatment showed an acceptable safety profile (7).

Results of the ongoing phase III DREAM3R evaluating the 
effectiveness of adding durvalumab to platinum/pemetrexed‑
based chemotherapy in advanced MPM are awaited (10).
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Second or later lines
Nivolumab. NivoMes study was the first phase  II trial 
investigating nivolumab in relapsed MPM patients. 
Thirty‑eight patients previously treated with at least one prior 
chemotherapy regimen received nivolumab (3 mg/kg every 
2 weeks). The primary endpoint of the study was disease 
control rate (DCR) at 12 weeks. The trial showed encouraging 
results: after the 12 weeks of treatment, DCR was 50%, and 
notably, five patients experienced a partial response. The 
anti‑PD‑1 showed an acceptable safety profile: 26  (76%) 
patients reported TRAEs of any grade and the most common 
toxicities described were fatigue (29%) and pruritus (15%) (11).

Okada et al (12) evaluated the administration of nivolumab 
(240  mg every two  weeks) until disease progression or 
unacceptable toxicity in 34 Japanese patients with unresect‑
able MPM in the single‑arm, phase II MERIT trial. All the 
patients had received one to two lines of previous therapies 
including platinum plus pemetrexed chemotherapy. The 
primary endpoint of the trial was ORR.

At a minimum follow‑up of 16.8 months, ORR was 29%. 
Notably, tumor shrinkage has been observed also in patients 
with histologic subtypes known for their poor response to 
treatments. According to histologic subtypes, indeed, ORR 
was 26% (7/27), 25% (1/4), and 67% (2/3) in patients with 
epithelioid, biphasic, and sarcomatoid histology, respectively. 
Median OS and PFS were 17.3 and 6.1 months, respectively. 
Prolonged OS and PFS were observed in patients with 
PD‑L1 ≥1% compared to those with PD‑L1 <1%, however, the 
differences were not statistically significant.

Severe AEs (grade  3 or 4) were described in 47% of 
patients enrolled and the most frequently toxicities reported 
were diarrhea, gamma‑glutamyltransferase increased and 
pneumonitis.

After 3  years of follow‑up, nivolumab demonstrated 
sustained OS and PFS rates (23.5 and 12.7%, respectively) 
in pre‑treated MPM patients (13). Based on these findings, 

nivolumab has been approved for the second‑line treatment of 
MPM patients in Japan.

The administration of nivolumab has also been investi‑
gated in the randomized, double‑blind, phase III CONFIRM 
trial enrolling 332 patients affected by unresectable pleural or 
peritoneal mesothelioma, who had received at least two prior 
lines of therapy, in the United Kingdome (UK). The enrolled 
patients were randomized (2:1) to receive nivolumab (n=221) at 
the dose of 240 mg every two weeks or placebo (n=111) until 
disease progression, unacceptable toxicity or for up 2 years. 
The co‑primary endpoints of the study were OS and PFS (14).

In January 2021, preliminary results of the study were 
presented during the IASLC 2020 World Conference on Lung 
Cancer Singapore Worldwide Virtual Event. The anti‑PD‑1 
met all the study’s primary efficacy endpoints. Patients treated 
with nivolumab showed a significantly longer OS (9.2 vs. 
6.6 months; HR, 0.72) and PFS (3  vs. 1.8 months; HR, 0.61) 
compared to those who received placebo. A significant benefit 
on OS has been reported with nivolumab in patients with 
epithelioid histology compared with those with non‑epithelioid 
histology (9.2 vs. 6.6 months; HR, 0.72). PD‑L1 expression did 
not appear to predict survival benefit with checkpoint inhib‑
itor. The incidence of grade 3 and 4 AEs did not differ across 
treatment arms: 45% with nivolumab compared to 42% with 
placebo (15).

Recently, more updated results of the study have been 
published. Median investigator‑reported PFS was longer in 
patients treated with immunotherapy than placebo (3.0 vs. 
1.8 months, HR, 0.67; P=0.0012). Median OS was 10.2 months 
in the nivolumab arm compared with 6.9 months in the placebo 
arm (HR, 0.69; P=0.009). The one‑year OS rates were 43.4% in 
the experimental arm and 30.1% in the placebo arm (16).

Ipilimumab plus nivolumab. The role of the combination of 
ipilimumab and nivolumab in previously treated MPM patients 
has been investigated in two phase II trials: MAPS2‑IFCT1501 

Table I. Overview of the drugs discussed in the review.

Treatment	 Line of treatment	 Agents

Checkpoint inhibitors	 First	 Ipilimumab + nivolumab
		  Durvalumab + chemotherapy
	 Second or later	 Nivolumab
		  Ipilimumab + nivolumab
		  Pembrolizumab
		  Tremelimumab
		  Durvalumab + tremelimumab
Targeted therapy 		
  Antiangiogenic drugs	 First	 Bevacizumab
		  Nintedanib
		  Cediranib
	 Second or later	 Ramucirumab
  Anti‑mesothelin drugs	 First	 Amatuximab
		  SS1P
	 Second or later	 Anetumab ravtansine
Other approaches	 Second or later	 CAR‑T cell therapy

https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
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Table II. Relevant outcomes of studies involving immune checkpoint inhibitors in MPM.

A, ICI‑based combinations					   

	 First author, 				  
Regimen	 year (trial)	 Trial design	 Patients/setting	 Main efficacy outcomes	 Refs.

Ipilimumab plus	 Baas P, 2021	 Randomized, 	 605 patients; 	 Advantage in terms of 	 (4)
nivolumab	 (CheckMate 743)	 phase III trial	 first‑line	 median OS with ICIs	
		  (1:1)‑ipilimumab		  compared to chemotherapy	
		  plus nivolumab vs. 		  (18.1 vs. 14.1 months;	
		  platinum‑based		  HR, 0.74; P=0.002)	
		  chemotherapy			 
	 Scherpereel A, 2019	 Randomized, 	 125 patients; 	 12‑week DCR: 50% 	 (17)
	 (MAPS2‑IFCT1501)	 non‑comparative,	 pre‑treated	 (ipilimumab plus nivolumab);	
		  phase II trial		  44% (nivolumab)	
		  (1:1)‑nivolumab		  Median OS: 15.9 months 	
		  vs. ipilimumab		  (ipilimumab plus nivolumab);	
		  plus nivolumab		  11.9 months (nivolumab)	
				    2‑year OS: 31.7%	
				    (ipilimumab plus nivolumab);	
				    25.4% (nivolumab)	
	 Disselhorst MJ, 2019	 Single‑arm, 	 38 patients; 	 12‑week DCR: 33%	 (19)
	 (INITIATE)	 phase II trial	 pre‑treated		
Durvalumab plus	 Forde PM, 2020	 Single‑arm, 	 55 patients; 	 Median OS: 21.0 months	 (8)
chemotherapy	 (PrE505)	 phase II trial	 first‑line		
	 Nowak AK, 2020	 Single‑arm, 	 55 patients; 	 6‑month PFS: 57%	 (9)
	 (DREAM)	 phase II trial	 first‑line		
Durvalumab plus	 Calabrò L, 2018	 Single‑arm, 	 40 patients; 	 Immune‑related ORR: 28%	 (25)
tremelimumab	 (NIBIT‑MESO‑1)	 phase II trial	 first‑line or	 Median immune‑related PFS:	
			   pre‑treated	 8.0 months; median OS:	
				    16.5 months	
	 Venkatraman, 2019 	 Single‑arm, 	 19 patients; 	 ORR: 5%	 (27)
		  phase II trial	 pre‑treated	 Median PFS: 2.8 months;	
				    median OS: 7.8 months	

B, Single‑agent ICI					   

	 First author, 				  
Regimen	 year (trial)	 Trial design	 Patients/setting	 Main efficacy outcomes	 Refs.

Nivolumab	 Quispel‑Janssen J, 	 Single‑arm, 	 38 patients; 	 12‑week DCR: 47%	 (11)
	 2018 (NivoMes)	 phase II trial	 pre‑treated		
	 Okada M, 2019	 Single‑arm, 	 34 patients; 	 ORR: 29%	 (12)
	 (MERIT)	 phase II trial	 pre‑treated	 Median OS: 17.3 months	
				    Median PFS: 6.1 months	
	 Fennel DA, 2020	 Randomized, 	 332 patients; 	 Advantage in terms of median 	 (15)
	 (CONFIRM)	 phase III trial	 pre‑treated	 OS with ICI compared	
		  (2:1)‑nivolumab		  to placebo (9.2 months vs.	
		  vs. placebo		  6.6 months; HR: 0.72)	
		  phase III trial		  Advantage in terms of	
		  (2:1)‑nivolumab		  median PFS with ICI	
		  vs. placebo		  compared to placebo	
				    (3 months vs. 1.8 months; 	
				    HR: 0.61)	
				    1‑year OS: 43.4% (ICI) vs.	
				    30.1% (placebo)	
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and INITIATE. In the multicentre MAPS2‑IFCT1501 trial, 
125  French patients were randomized  (1:1) to receive in 
second or third‑line nivolumab (3 mg/kg every 2 weeks) or 
ipilimumab (1 mg/kg every 6 weeks) plus nivolumab (3 mg/kg 
every 2 weeks). In this study, not designed to compare the two 
different regimens, the primary endpoint was disease control 
rate (DCR) at 12 weeks. The trial met its primary endpoint 
(DCR achieved in at least 40%  of patients). In the first 
108 patients, indeed, DCR was 44% in the nivolumab arm and 
50% in the combination arm. Median OS and 2‑year OS were 
11.9 and 25.4% with nivolumab and 15.9 months and 31.7% 
with ipilimumab plus nivolumab. The most frequent grade 3‑4 
TRAEs described were asthenia, increase in aspartate or 
alanine aminotransferase, and lipase increase. Grade  3‑4 
TRAEs were more frequently reported in the combination arm 
(26 vs. 14%) than in the nivolumab arm (26 vs. 14%) (17,18).

Notable clinical activity with the same combination of ICIs 
was also described in the single‑centre, single‑arm, INITIATE 
study. In this trial, enrolling 38 MPM patients progressed after 

at least one line of platinum‑based chemotherapy, only 34 were 
evaluable for response assessment.

The 12‑week DCR, the primary endpoint of the study, was 33%. 
Ten patients (29%) experienced partial response and 13 (38%) 
stable disease. The combination of ipilimumab plus nivolumab 
demonstrated a manageable safety profile. The most common 
any‑grade TRAEs described were infusion‑related reaction, 
dermatological toxicity, fatigue, anorexia, and diarrhea (19).

Pembrolizumab. KEYNOTE‑158 is a single‑arm, phase  II 
study of pembrolizumab (200  mg every 3  weeks for a 
maximum of 35 cycles) in several pretreated malignancies. 
The primary endpoint was ORR. In this trial, 118 patients 
with previously treated MPM were enrolled. Ten patients (8%) 
achieved an objective response at the sub‑group analysis based 
on PD‑L1 expression, ORR was 8% in PD‑L1 positive MPM 
patients (PD‑L1 expression ≥1) and 13% in PD‑L1 negative 
patients (PD‑L1 expression <1). Notably, the median duration 
of objective response exceeded one year (14.3 months) (20).

Table II. Continued.

B, Single‑agent ICI					   

	 First author, 				  
Regimen	 year (trial)	 Trial design	 Patients/setting	 Main efficacy outcomes	 Refs.

Pembrolizumab	 Yap TA, 2021	 Single‑arm, 	 118 patientsa; 	 ORR: 8%	 (20)
	 (KEYNOTE‑158)	 phase II trial	 pre‑treated	 Median DOR: 14.3 months	
	 Popat S, 2020	 Randomized, 	 144 patients; 	 No advantage in terms of 	 (21)
	 (PROMISE‑meso)	 phase III trial (1:1)‑	 pre‑treated	 median PFS with ICIs	
		  pembrolizumab		  compared to chemotherapy	
		  vs. institutional		  (2.5 months vs. 3.4 months;	
		  choice single‑agent		  HR: 1.06; P=0.76)	
		  chemotherapy		  No advantage in terms of	
		  (gemcitabine or		  median OS with ICIs	
		  vinorelbine)		  compared to chemotherapy	
				    (10.7 months vs. 12.4 months; 	
				    HR: 1.12; P=0.59)	
				    ORR: 22% (ICI) vs. 6%	
				    (chemotherapy); P=0.004	
Tremelimumab	 Calabrò L, 2013	 Single‑arm, 	 29 patients; 	 ORR: 6.9%	 (22)
	 (MESOT‑TREM	 phase II trial	 pre‑treated	 Median OS: 10.7 months	
	 2008)				  
	 Calabrò L, 2015	 Single‑arm, 	 29 patients; 	 Immune‑related ORR: 13.8% 	 (23)
	 (MESOT‑TREM	 phase II trial	 pre‑treated	 (four patients)	
	 2012)				  
	 Maio M, 2017	 Randomized, 	 571 patients; 	 No advantage in terms of 	 (24)
	 (DETERMINE)	 phase II trial (2:1)‑	 pre‑treated	 median OS with ICIs	
		  tremelimumab vs.		  compared to placebo	
		  placebo		  (7.7 months vs. 7.3 months;	
				    HR, 0.92; P=0.41)	

DCR, disease control rate; DOR, duration of response; HR, hazard ratio; ICI, immune checkpoint inhibitor; MPM, malignant pleural meso‑
thelioma; ORR, objective response rate; OS, overall survival; PFS, progression‑free survival. aThe study included patients with different 
malignancies; the reported data involve patients with MPM.

https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
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Popat et al (21) investigated the administration of pembro‑
lizumab in the randomized, phase III PROMISE‑meso trial. A 
total of 144 MPM patients progressed after first‑line platinum‑
based chemotherapy were randomized  (1:1) to receive 
pembrolizumab or chemotherapy according to investigators' 
choice (vinorelbine or gemcitabine). Patients randomized 
to chemotherapy who progressed were allowed to switch to 
investigational treatment. The study did not meet the primary 
endpoint of improvement in PFS by blinded independent 
central review (BICR). Indeed, the improvement in BICR‑PFS 
observed in the immunotherapy arm compared to the chemo‑
therapy arm (2.5 vs. 3.4 months, respectively; P=0.76), was 
not statistically significant. Similarly, no significant difference 
was observed in terms of OS (10.7 vs. 12.4 months, P=0.59). 
However, a significant ORR improvement for pembrolizumab 
compared to chemotherapy has been achieved (22 vs. 6%, 
respectively, P=0.004).

Tremelimumab. In the phase II MESOT‑TREM 2008 trial, 
29 patients affected by previously treated pleural or perito‑
neal malignant mesothelioma received tremelimumab at the 
dose of 15 mg/kg every 90 days until disease progression or 
unacceptable toxicity. The primary endpoint was ORR with a 
target response rate of 17%. Unfortunately, no patients expe‑
rienced a completed response and only two patients achieved 
a partial response (ORR: 6.9%). However, the median OS 
observed was 10.7 months  (22). Subsequently, 29 patients 
were enrolled in the phase  II MESOT‑TREM  2012 trial 
investigating the anti CTLA‑4 monoclonal antibody with an 
intensified schedule (10 mg/kg every 4 weeks for 6 cycles and 
then every 12 weeks until disease progression or unacceptable 
toxicity). The primary endpoint of the study was the propor‑
tion of patients who achieved an immune‑related objective 
response according to the immune‑related modified RECIST. 
According to the statistical analyses, tremelimumab would 
have been considered active if at least four immune‑related 
objective responses had been detected. Four patients (13.8%) 
experience an immune‑related partial response. Notably, 
only one patient had a partial response according to modi‑
fied RECIST. Indeed, assessments by modified RECIST do 
not include the delayed responses, frequently observed with 
immunotherapy, occurring after initial progression of disease. 
The safety profile of the intensified schedule demonstrated a 
favorable safety profile: grade 3‑4 toxicity were reported in 
two (7%) patients (23). In the DETERMINE phase IIb trial, 
tremelimumab (10 mg/kg every 4 weeks for 7 cycles and then 
every 12 weeks until disease progression or unacceptable 
toxicity) has been compared to placebo (2:1) in 568 patients 
affected by pleural or peritoneal mesothelioma progressed 
after one or two  previous chemotherapy treatments. The 
study failed to meet its primary endpoint of OS in the 
intention‑to‑treat population. Indeed, the anti‑CTLA‑4 did not 
improve OS (7.7 vs. 7.3 months; HR, 0.92; P=0.41) compared 
to placebo (24).

Durvalumab plus tremelimumab. The combination of 
durvalumab and tremelimumab have been evaluated in first or 
second‑line in the non‑randomized, phase II NIBIT‑MESO‑1 
study enrolling 40 patients with pleural or peritoneal meso‑
thelioma. Patients received initial induction therapy with 

tremelimumab (1 mg/kg) and durvalumab (20 mg/kg) every 
4 weeks for 4 cycles followed by maintenance therapy with 
durvalumab (20 mg/kg) every 4 weeks for a maximum of 
9 cycles. Patients who experienced disease progression during 
the maintenance phase or follow‑up were allowed to restart the 
treatment. The primary endpoint of the study was the propor‑
tion of patients who achieved an immune‑related objective 
response. The combination regimen demonstrated a mean‑
ingful activity with an immune‑related objective response 
rate of 28% and a favorable safety profile  (25). Recently, 
Calabrò et al (26) published 4‑year survival and outcome data 
of patients enrolled in the NIBIT‑MESO‑1 study. Notably, 
the percentages of patients alive at 36 and 48 months were 
20 and 15%, respectively and the median OS was 16.5 months. 
A disease stabilization has been reported in 41% of patients 
who received immunotherapy retreatment, especially in those 
who previously experienced an objective response. Tumor 
mutation burden (TMB) is being evaluated as a predictive 
biomarker of ICI treatment outcome in a post hoc analysis 
of 28 patients with available tissue for testing. High‑level 
TMB resulted associated with longer median OS compared to 
low‑level TMB, although the difference was not statistically 
significant (P=0.06). Notably, only in the subset of patients 
retreated with the combination regimen the difference reached 
statistical difference (P=0.02).

Instead, Venkatraman et al (27) reported disappointing 
results in a phase II study investigating durvalumab (1,500 mg) 
and tremelimumab (75 mg) every 4 weeks for 4 cycles followed 
by durvalumab maintenance in 19 MPM patients progressed 
after first‑line chemotherapy with platinum and pemetrexed. 
The study failed to meet its primary endpoint of ORR. The best 
objective response achieved was partial response observed in 
only one patient (5%).

4. Targeted agents in MPM

The use of various targeted agents has been explored in MPM 
throughout the last years. To this regard, the most employed 
targets include neoangiogenesis, which is remarkably involved 
in tumor growth, and mesothelin, a glycosylphosphati‑
dylinositol‑linked cell surface molecule strongly expressed 
by mesothelial cells and mesothelioma cells, although this 
molecule is also expressed by other tumors and tissues. The 
following paragraphs describe the most relevant clinical 
studies targeting neoangiogenesis and mesothelin; noteworthy 
clinical outcomes are reported in Table III.

Inhibition of the vascular endothelial growth factor. Vascular 
endothelial growth factor (VEGF) is acknowledged as a rele‑
vant molecule for tumor development due to its pro‑angiogenic 
action. Notably, MPM cells are known for releasing VEGF, 
hence developing an autocrine loop, which results in cancer 
progression and can be targeted for therapeutic purposes (28). 
Therefore, several clinical studies have focused on the 
inhibition of VEGF in MPM. In the open‑label, randomized, 
phase III Mesothelioma Avastin Cisplatin Pemetrexed Study 
(MAPS), 448 patients with inoperable MPM were randomized 
(1:1) to receive chemotherapy with pemetrexed plus cisplatin 
alone or with the addition of bevacizumab at 15 mg/kg q21 
for up  to six  cycles. The primary end‑point of the study, 
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Table III. Relevant outcomes of studies involving immune targeted agents in MPM.

A, VEGF INHIBITORS					   

	 First author,				  
Regimen	 year (trial)	 Trial design	 Patients/setting	 Main efficacy outcomes	 Refs.

Bevacizumab	 Zalcman G, 	 Randomized, phase III	 448 patients; 	 Advantage in terms of OS with 	 (29)
	 2016 (MAPS)	 trial (1:1)‑cisplatin	 first‑line	 chemotherapy plus bevacizumab	
		  plus pemetrexed plus		  compared to chemotherapy	
		  bevacizumab vs. cisplatin		  alone (18.8 vs. 16.1 months;	
		  plus pemetrexed		  HR=0.77)	
Nintedanib	 Grosso F, 2017	 Randomized, phase II	 87 patients; 	 Advantage in terms of PFS with 	 (31)
	 (LUME‑Meso)	 trial (1:1)a‑cisplatin	 first‑line	 chemotherapy plus nintedanib	
		  plus pemetrexed plus		  compared to chemotherapy plus	
		  nintedanib vs. cisplatin		  placebo (7.8 vs. 5.3 months;	
		  plus pemetrexed plus		  HR=0.54)	
		  placebo			 
 	 Scagliotti GV, 	 Randomized, phase III	 458 patients; 	 No advantage in terms of PFS 	 (32)
	 2019	 trial (1:1)a‑cisplatin	 first‑line	 with chemotherapy plus	
	 (LUME‑Meso)	 plus pemetrexed plus		  nintedanib compared to	
		  nintedanib vs. cisplatin		  chemotherapy plus placebo;	
		  plus pemetrexed plus		  (6.8 months vs. 7.0 months	
		  placebo		  HR=1.01)	
Cediranib	 Tsao AS, 2019	 Randomized, phase II	 98 patients; 	 Numerical increase in terms of 	 (33)
	 (SWOG S0905)	 trial (1:1)‑platinum	 first‑line	 PFS with chemotherapy plus	
		  plus pemetrexed plus		  cediranib compared to	
		  cediranib vs. platinum		  chemotherapy plus placebo	
		  plus pemetrexed plus		  according to RECIST	
		  placebo		  (7.2 vs. 5.6 months; HR=0.71) 	
				    and modified RECIST	
				    (6 9 vs. 5.6 months; HR=0.77)	
				    No advantage in terms of OS	
				    with chemotherapy plus	
				    cediranib compared to	
				    chemotherapy plus placebo
				    (10.0 vs. 8.5 months; HR: 0.88;	
				    P=0.28)	
Ramucirumab	 Pinto C, 2021	 Randomized, phase II 	 161 patients; 	 Advantage in terms of OS with 	 (34)
	 (RAMES)	 trial (1:1)‑gemcitabine	 pre‑treated	 chemotherapy plus ramucirumab	
		  plus ramucirumab vs.		  compared to chemotherapy plus	
		  gemcitabine plus placebo		  placebo (13.8 months vs. 	
				    7.5 months; HR=0.71)	

B, Mesothelin‑targeting agents					   

	 First author,				  
Regimen	 year (trial)	 Trial design	 Patients/setting	 Main efficacy outcomes	 Refs.

Amatuximab	 Hassan R, 2014 	 Single‑arm, phase II	 89 patients; 	 6‑month PFS rate: 51%	 (35)
		  trial‑amatuximab plus	 first‑line	 Median OS: 14.8 months	
		  cisplatin plus pemetrexed		  DCR: 90%	
SS1P	 Hassan R, 2014	 Phase I trial‑cisplatin	 24 patients; 	 MTD: 45 mcg/kg	 (36)
		  plus pemetrexed plus	 first‑line	 ORR (global population): 60%	
		  increasing doses of SS1P		  ORR (patients treated with 	
				    MTD): 77%	

https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
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OS, was significantly improved in the experimental arm 
(18.8 vs. 16.1 months; HR=0.77), and the two arms had gener‑
ally similar safety profiles, albeit significant differences were 
observed with regards to the incidence of grade 3 hyperten‑
sion and thrombotic events, which were more frequent in 
the experimental arm, as expected from the safety profile of 
bevacizumab (29).

Nintedanib is a multi‑target tyrosine kinase inhibitor (TKI) 
which exerts its anti‑angiogenic activity by inhibiting VEGF 
receptors (VEGFR 1‑3), although the agent is active also on 
multiple targets potentially involved in tumor progression, 
such as the fibroblast growth factor receptors (FGFR1‑3), 
platelet‑derived growth factor receptor (PDGFRα/β), and 
RET. Nintedanib is currently registered for the treatment of 
idiopathic pulmonary fibrosis due to its anti‑fibrotic activity 
and for the management of previously treated non‑small cell 
lung cancer (NSCLC) in combination with docetaxel (30). 
The effect of the addition of nintedanib to chemotherapy 
with cisplatin‑pemetrexed was assessed in LUME‑Meso 
trial, designed as a phase II/III trial. In the phase II part of 
the study, 87 patients with epithelioid or biphasic MPM were 
randomized (1:1) to receive cisplatin‑pemetrexed plus either 
nintedanib or placebo; PFS, the primary end‑point of this part 
of LUME‑Meso, was significantly longer in the experimental 
arm (7.8 vs. 5.3 months; HR=0.54), with a trend towards OS 
improvement and more evident clinical benefit in the epithe‑
lioid histology, subsequently leading to the prosecution to 
phase III (31). In the second part of the study, which globally 
included 458 randomized patients, the PFS advantage for 
the nintedanib arm observed in phase II was not confirmed 
(6.8 vs. 7.0 months; HR=1.01), although the safety profile of 
the nintedanib arm was similar to the control arm with the 
exception of pulmonary embolism (6  vs.  3%); hence, the 
combination of nintedanib plus chemotherapy was not regis‑
tered in MPM (32).

Cediranib, an inhibitor active on VEGFR and PDGFR, 
was assessed in a randomized, placebo‑controlled, phase II 

trial (SWOG S0905) designed to randomize treatment‑naïve 
patients with unresectable MPM to receive cediranib or 
placebo in combination with platinum‑pemetrexed for up to 
six cycles. The addition of cediranib resulted in numerically 
increased PFS according to RECIST (7.2 vs. 5.6 months; 
HR=0.71) and modified RECIST (6.9  vs.  5.6  months; 
HR=0.77); however, no OS advantage was observed and 
patients in the experimental arm experienced more grade 3‑4 
adverse events (diarrhea, dehydration, hypertension, and 
weight loss), thus preventing further developments of the 
agent for this setting (33).

Ramucirumab is a monoclonal antibody directed against a 
specific VEGF receptor (VEGFR2). This agent was evaluated 
in the RAMES study, a multicenter, placebo‑controlled trial 
in which 161 patients were randomized (1:1) to receive either 
ramucirumab or placebo in combination with gemcitabine as 
second‑line treatment for inoperable MPM. In RAMES, the 
addition of ramucirumab to gemcitabine resulted improved OS 
over gemcitabine alone (13.8 vs. 7.5 months; HR=0.71), with a 
generally favorable safety profile; treatment‑related grade 3‑4 
adverse events were reported in five (6%) in the experimental 
arm and in four (5%) patients in the control arm (34).

Targeted agents against mesothelin. Amatuximab is a 
chimeric monoclonal antibody directed against mesothelin, a 
membrane glycoprotein poorly present in normal adult tissues 
but highly expressed in multiple epithelial cancers, and espe‑
cially MPM. In a single‑arm, phase II trial, 89 patients received 
amatuximab on days 1 and 8 in combination with cisplatin 
and pemetrexed for up to six cycles, followed by maintenance 
with amatuximab. 6‑month PFS‑rate was 51%, while median 
PFS and OS were 6.1 and 14.8 months, respectively. While the 
study did not meet the pre‑specified end‑point of improving 
median PFS to 8.7 months (corresponding to 6‑month PFS 
rate of 62%) over historical controls, the authors considered 
the achieved median OS encouraging and the safety profile of 
amatuximab acceptable (35).

Table III. Continued.

B, Mesothelin‑targeting agents					   

	 First author,				  
Regimen	 year (trial)	 Trial design	 Patients/setting	 Main efficacy outcomes	 Refs.

Anetumab	 Kindler HL,  	 Randomized, phase II	 166 patients; 	 No advantage in terms of PFS 	 (37)
ravtansine	 2017	 trial (2:1)‑anetumab	 pre‑treated	 with anetumab ravtansine	
		  ravtansine vs. vinorelbine		  compared to chemotherapy	
				    (4.3 vs. 4.5 months; HR=1.215)	
				    No advantage in terms of OS	
				    with anetumab ravtansine	
				    compared to chemotherapy 	
				    (10.1 vs. 11.6 months; 	
				    HR=0.721)	

DCR, disease control rate; HR, hazard ratio; MTD, maximum tolerated dose; OS, overall survival; PFS, progression‑free survival; RECIST, 
response evaluation criteria in solid tumors; SS1P, SS1(dsFv)PE38. aLUME‑Meso was designed as a phase II/III trial; the different parts of the 
study are reported individually.
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SS1(dsFv)PE38 (SS1P) is another drug targeting meso‑
thelin, and more specifically a recombinant anti‑mesothelin 
immunotoxin. In a phase  I trial, 24  patients affected by 
untreated, inoperable epithelial or biphasic MPM, received 
cisplatin‑pemetrexed for up to 6 cycles with increasing doses 
of SS1P. The drug was generally well tolerated at 45 mcg/kg 
(which resulted the maximum tolerated dose; MTD). Within 
the global trial population, ORR was 60%, while the patients 
treated with 45 mcg/kg achieved an ORR of 77%. Notably, the 
response was associated with reduction of serum mesothelin, 
megakaryocyte potentiating factor, and cancer antigen 
125 levels (36).

Anetumab ravtansine is composed by a mesothelin 
monoclonal antibody conjugated to the maytansinoid micro‑
tubule inhibitor DM4, which is bound and internalized by 
mesothelin‑expressing tumor cells. After showing a favorable 
safety profile, the activity and safety of anetumab ravtansine 
were assessed in a randomized phase II trial in which previ‑
ously treated patients with unresectable MPM over‑expressing 
mesothelin were randomized (2:1) to receive anetumab ravtan‑
sine or vinorelbine. Anetumab ravtansine was not superior to 
vinorelbine in terms of median PFS, the primary end‑point 
(4.3 vs. 4.5 months; HR=1.215), or OS (10.1 vs. 11.6 months; 
HR=0.721), although the experimental agent was well 
tolerated (37).

Innovative approaches: Chimeric Antigen Receptor T cell 
therapy. Chimeric Antigen Receptor (CAR) T cell therapy 
is a novel strategy for treating solid tumors and hemato‑
logical malignancies. This approach combines features of 
cancer immunotherapy, as well as targeted therapy; indeed, 
CAR T cells involve the genetic modification of autologous 
or donor T cells to express a tumor‑associated antigen‑specific 
chimeric antigen receptor on their cell surface. To date, CAR T 
therapy has been approved for the treatment of relapsed hema‑
tological malignancies such as B cell lymphoblastic leukemia 
and non‑Hodgkin lymphoma, with outstanding outcomes; 
furthermore, several clinical trials are currently exploring 
the potential role of CAR T in solid tumors. In spite of its 
effectiveness, the broad use of CAR T has been limited so far 
by its cost and severe, potentially life‑threatening toxicities, 
which require the maintenance of non‑negligible resources, 
both in terms of financial availability and in terms of facilities 
and clinical expertise (38). CAR‑T therapy using mesothelin 
as a target has been investigated in several phase I clinical 
trials involving, among others, MPM. In a phase I trial led 
by the National Cancer Institute (NCT01583686) involving 
the use of anti‑mesothelin CAR T (SS1 scFv) in solid tumors 
expressing mesothelin showed an acceptable safety profile 
but modest anti‑tumor efficacy, and was terminated due to 
extremely low patient accrual (39,40). In another phase I trial 
(NCT01355965), 18 patients with MPM or pancreatic ductal 
adenocarcinoma were treated with anti‑mesothelin CAR T 
(SS1 mouse scFv fused to 4‑1‑BB and TCR‑ζ domains), with 
transient tumor response and acceptable safety, although one 
MPM patient experienced severe anaphylaxis after repeated 
infusions (41). Finally, in another phase I trial (NCT02159716), 
15 patients with MPM, pancreatic ductal adenocarcinoma 
or ovarian cancer received anti mesothelin CAR  T (SS1 
mouse scFv fused to 4‑1‑BB and TCR‑ζ domains) alone or 

with cyclophosphamide as lymphodepleting agent; disease 
stabilization was observed in 11 out of 15 patients at the first 
assessment at 28 days and in 3 out of 8 patients on follow‑up 
at months 2‑3 (42). Furthermore, the synergy between immune 
checkpoint inhibitors and CAR‑T therapy might result in 
decreased T  cell exhaustion, hence resulting in improved 
efficacy (43). The combination of regional mesothelin‑targeted 
CAR‑T cell therapy and pembrolizumab was recently inves‑
tigated in a population of 18 MPM patients. Eight patients 
achieved stable disease for ≥6 months, and two exhibited 
complete metabolic response at PET scan; the median OS was 
23.9 months, and 1‑year OS was 83% (44).

5. Conclusion

Malignant pleural mesothelioma has been considered an 
orphan disease for decades, and few innovative, effective 
treatments have been implemented in clinical practice until 
recently. The currently available evidence‑based treatment 
approaches in unresectable MPM are reported in the 
Table SI (45,46). While some interest has raised in the use of 
anti‑angiogenic agents, the global efficacy results have gener‑
ally been underwhelming, so far. Furthermore, in contrast to 
what is being observed in several other solid tumors, a prom‑
ising actionable oncogenic driver with potential therapeutic 
impact has to be identified yet. Despite promising results in 
phase II trials, targeted agents often failed in phase III trials, 
probably for the incapacity to properly identify those patients 
who might benefit from targeted treatments. Hence, novel 
studies designed to address the lack of predictive biomarkers 
for targeted agents in MPM are highly warranted, as well as 
translational studies designed to detect novel potential thera‑
peutic targets. In this context, the advent of immunotherapy 
with ICIs has generated fresh optimism due to the promising 
results observed in MPM patients.

However, mesothelioma, unlike other malignancies, is 
not considered a highly immunogenic cancer. This poor 
immunogenicity could explain the relatively modest response 
rates with checkpoint inhibitors compared to other cancers. 
Mesothelioma indeed is considered to have a low tumor 
mutational burden (TMB). Considering that PD‑L1 expression 
failed to predict survival benefit with checkpoint inhibitors 
in phase III clinical trials in MPM, the precise mechanisms 
determining response to immunotherapy in this cancer are 
still unknown (47).

More specifically, data from the CheckMate 743 trial, 
supporting the use of the combination of ipilimumab and 
nivolumab for previously untreated unresectable MPM patients, 
have changed the first‑line standard‑of‑care treatment of this 
malignancy and have showed the benefit of immunotherapy 
even in the sarcomatoid histology, which is usually associated 
with poor outcomes.

Although the trial was not powered to detect differences 
between epithelioid and non‑epithelioid subgroups, patients 
with epithelioid mesothelioma appear to have little benefit 
from immunotherapy. The survival benefit observed 
with the dual immunotherapy regimen in patients with 
sarcomatoid mesothelioma could be mainly explained by 
the low responsivity to chemotherapy observed in this MPM 
subtype (48).

https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
https://www.spandidos-publications.com/10.3892/mco.2022.2522
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Notably, these results are consistent with the outcomes 
observed in a retrospective study investigating the administra‑
tion of checkpoint inhibitors in 20 MPM patients demonstrated 
that patients with sarcomatoid MPM had longer median PFS 
and OS (>28 months) compared to patients with epithelioid 
subtype (3 and 11 months, respectively), suggesting noteworthy 
effectiveness of dual immune checkpoint blockade for the 
treatment of sarcomatoid MPM. Furthermore, the authors 
observed that high proportions of CD8+ T cells and CD45RO+ 
memory cells were associated with prolonged median PFS and 
OS in sarcomatoid patients (49).

Moreover, results from CheckMate  743 suggested a 
survival benefit with chemotherapy in patients with PD‑L1 
expression <1%, however, this explorative and descriptive 
finding should be interpreted with caution.

While the most relevant achievements in the management 
of MPM involve dual checkpoint blockade, the results of 
CONFIRM trial suggested that also single‑agent nivolumab 
is a valid option treatment for patients with MPM who had 
previously received first‑line chemotherapy, especially when 
additional therapeutic options are lacking. Notably, while the 
PROMISE‑meso trial did not show superiority of pembroli‑
zumab over single‑agent chemotherapy in terms of PFS or OS, 
immunotherapy achieved higher ORR than chemotherapy, 
which should be considered non‑negligible, especially when 
taking into account that the trial included previously treated 
patients.

The demonstration of efficacy achieved by cancer immu‑
notherapy represent a real cornerstone for the management of 
MPM and opens future research to additional steps. Currently, 
several clinical trials are exploring various combinations as 
well as the use of novel compounds, eventually associated with 
immunotherapy. In the randomized phase III BEAT‑MESO 
trial, for instance, first‑line chemotherapy plus bevacizumab 
and atezolizumab is being compared to chemotherapy plus 
bevacizumab alone in unresectable MPM patients (50).

In addition to defining the efficacy of immune checkpoint 
blockade plus angiogenesis inhibition, the results of this 
study might also be helpful to better elucidate the role of 
bevacizumab in the treatment of MPM since, following the 
results of MAPS trial, the National Comprehensive Cancer 
Network (NCCN) guidelines have included the combination 
of pemetrexed plus cisplatin and bevacizumab as an option 
for first‑line therapy although it has not yet been approved by 
FDA. In spite of these encouraging results, other questions 
need to be addressed. In first place, there is still lack of suitable 
predictive biomarkers which might improve patient selection. 
In second place, some settings and clinical approaches need to 
be re‑elaborated with the use of specific, ‘ad hoc’ studies, with 
particular reference to localized, potentially operable MPM; 
indeed, since the use of trimodal treatment with chemotherapy 
remains controversial, and since immunotherapy is showing 
a non‑negligible activity in the neoadjuvant setting for other 
tumors, such as non‑small cell lung cancer, the development 
of studies involving immunotherapy in potentially operable 
MPM are warranted.
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