
R E V I E W

Advances in Immunotherapy of Malignant Pleural 
Mesothelioma

Dongying Liao1,2 

Yongchao Yu1,2 

Qingyun Mei1,2 

Ziwei Wang1,2 

Xiaojiang Li1,2 

Yingjie Jia1,2 

Fanming Kong1,2

1Department of Oncology, First Teaching 
Hospital of Tianjin University of 
Traditional Chinese Medicine, Nankai 
District, Tianjin, 300193, People’s 
Republic of China; 2National Clinical 
Research Center for Chinese Medicine 
Acupuncture and Moxibustion, Nankai 
District, Tianjin, 300193, People’s 
Republic of China 

Abstract: Malignant pleural mesothelioma (MPM) represents the uncommon cancer originating 
from pleural mesothelial cells, which is associated with dismal prognostic outcome. According to 
CheckMate-743 results, nivolumab plus ipilimumab has been approved to treat the unresectable 
MPM in treatment-naive patients as a first-line therapy by the FDA in October 2020. 
Immunotherapy is expected to be the best choice for MPM treatment. In the following article, 
the past treatment plan and the progress of immunotherapy for MPM will be reviewed. 
Keywords: malignant pleural mesothelioma, immunotherapy, progression, ipilimumab, 
nivolumab

Introduction
In 2020, the number of new cases of malignant mesothelioma globally is 30,870, 
accounting for 0.2% of the world’s new malignant tumors, and the number of deaths is 
26,278, accounting for 0.3% of the deaths of the global malignant tumors.1 Asbestos is an 
internationally recognized carcinogen. Wagner first reported the correlation between 
asbestos exposure and malignant pleural mesothelioma (MPM) in 1960.2 Other studies 
suggest that peritoneal mesothelioma is rare upon non-occupational exposure, since the 
site is frequently exposed to asbestos.3 In some large-population countries, asbestos use 
has been approved since the late 1990s and is not apparently restricted. At present, 
a global catastrophe can be predicted for the next few decades, which may affect the 
global burden of mesothelioma.4 In recent years, the incidence rate of MPM has 
increased significantly worldwide, which is expected to reach the peak from 2015 to 
2030.5 In the United States, there are 2000 to 3000 new clinically diagnosed cases 
each year.6 The incidence rate even remains higher in Western Europe, with nearly 
5000 new cases diagnosed per year.7

MPM is still a serious problem, with its difficult early diagnosis, clinical manifesta-
tions of diversity, high malignant degree and the fast progress, which is a kind of very 
difficult to treat diseases. The median survival time ranges as low as 8–14 months from 
diagnosis, and the 5-year survival rate was less than 10%, indicating a poor 
prognosis.8,9 Therefore, the treatment of MPM is still a difficult problem and a great 
challenge all over the world currently. With a particular emphasis placed on the 
immunotherapy, this article will mainly provide the latest advances in MPM therapy.

Current Treatment Options for MPM
Epithelioid variety is recognized as the most commonly seen MPM subtype by 
the World Health Organization (WHO) classification (2015) regarding pleural 
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cancer, whereas sarcomatous and biphasic subtypes rank 
the second and third places, respectively.10 Surgical 
treatment is the preferred method for cancer, but most 
MPM patients can not receive surgical treatment when 
they are diagnosed. This is because that surgical treat-
ment plays a debatable role in MPM, since radical 
surgery is suggested in the MARS study to be of ques-
tionable usefulness during trimodality therapy, which 
cannot achieve significant survival benefit and is asso-
ciated with certain harmful effects.11 Although some 
studies have shown that patients with stage I–II sarco-
matoid MPM can obtain longer overall survival (OS) 
from surgical treatment, the perioperative complications 
and mortality were significantly higher than those of non 
sarcomatoid MPM patients.12 Therefore, surgical treat-
ment is not recommended. The results of a Phase III 
trial conducted by Vogelzang and others presented that 
patients receiving cisplatin combined with pemetrexed 
had longer survival significantly, with a median OS of 
12.1 months, and at the same time the other group only 
receiving cisplatin is of 9.3 months.13 In February 2004, 
pemetrexed plus cisplatin was approved by the US FDA 
to be used to treat unresectable MPM as a first-line 
treatment. Vascular endothelial growth factor (VEGF) 
can promote new blood vessel formation, and it is also 
an autocrine growth factor for mesothelioma cells. The 
monoclonal antibody (mab)-mediated VEGF blockage 
suppresses mesothelioma cell proliferation.14 In 
a randomized, controlled, and open label Phase III trial 
(IFCT-GFPC-0701 MAPS), the median OS was 18.8 
months in group used pemetrexed, cisplatin, and beva-
cizumab contrasting 16.1 months in treatment group 
used pemetrexed combined with cisplatin.15 In general, 
adding bevacizumab to pemetrexed and cisplatin com-
bined chemotherapy can improve the OS of MPM 
patients, and thus bevacizumab has been now recom-
mended as a possible first-line treatment in combination 
with cisplatin and pemetrexed for unresectable MPM.16 

As revealed by some Phase III clinical studies, peme-
trexed plus carboplatin achieves superior survival 
benefit.17,18 According to a study including altogether 
1704 unresectable MPM cases, those receiving peme-
trexed plus cisplatin had comparable OS and progres-
sion-free-survival (PFS) to those receiving pemetrexed 
plus carboplatin.18 A multicenter randomized controlled 
trial (MS01) has shown that vinorelbine monotherapy 

can also be used in platinum intolerant patients.19 

A Phase III clinical trial shows that gemcitabine com-
bining cisplatin can be used as an alternative therapy for 
patients who do not tolerate pemetrexed.20 For follow- 
up or later-line treatment, platinum stimulation test or 
single-agent used in combination with vinorelbine, gem-
citabine and anthracyclines is frequently utilized,21 

which does not achieve obvious survival benefits com-
pared with the best supportive care. A retrospective 
study showed that gemcitabine and vinorelbine have 
certain benefits and can be used when there is no other 
option.22 Currently, no registered second-line treatments 
are available, illustrating the urgent need for new treat-
ment options.

Immunotherapy
Thanks to ICIs (Immune checkpoint inhibitors, ICIs) 
incorporation, great achievements have been attained in 
immunotherapy against different cancers. 
Immunotherapy aims to activate the immune system to 
trigger effective tumor-specific immune responses. At 
present, 3 kinds of ICIs can be used to suppress the 
immunosuppressive molecules below, including pro-
grammed death-1 (PD-1), PD-1 ligand-1 (PD-L1), and 
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4). 
In a recent Phase III trial incorporating aCTLA-4 (ipili-
mumab) and aPD-1 (nivolumab) among the treatment- 
naive MPM cases (namely, Checkmate-743), positive 
results were first obtained. On October 2nd, 2020, 
Opdivo (nivolumab) in combination with Yervoy (ipili-
mumab, Bristol-Myers Squibb Company) was approved 
by the US FDA to be used in the unresectable adult 
MPM patients as the first-line treatment. It is a real 
pleasure that this is the first drug approved by FDA 
for the systemic therapy of MPM in recent 16 years, 
and also the second kind of drug approved by FDA for 
systematic treatment of MPM in its history since the 
FDA approved pemetrexed combined with cisplatin in 
the treatment of MPM in 2004. Additionally, it has also 
experienced a long process of exploration to establish 
nivolumab combined with ipilimumab as the first-line 
treatment of MPM. A single-center Phase II study 
assessed the effectiveness and safety of nivolumab+ipi-
limumab in treating relapsed MPM patients. According 
to their findings, nivolumab+ipilimumab was markedly 
effective on treating relapsed MPM. 94% cases were 
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found to develop treatment-associated side effects, 
including 34% (n=35) with grade 3 treatment- 
associated side effects.23 It is CheckMate 743 that really 
establishes “O + Y” (nivolizumab combined with ipili-
mumab) double immunotherapy combination for MPM. 
CheckMate 743 which is a multicentre, randomised, 
open-label and Phase III trial is the first and only 
Phase III clinical trial to demonstrate that first-line 
immunotherapy can improve the survival benefit of 
patients with MPM in comparison with chemotherapy. 
Compared with standard chemotherapy (pemetrexed plus 
cisplatin or carboplatin), navolizumab plus ipilimumab 
can significantly lower the risk of death in patients with 
unresectable MPM by 26%. The result showed that 
compared with chemotherapy, nivolizumab combined 
with ipilimumab significantly improved OS, and the 
median OS was 18.1 months vs 14.1 months 
(HR=0.74; 96.6% CI: 0.60~0.91; P=0.002). That is, OS 
was prolonged by 4 months compared with chemother-
apy. The 1-year OS of the dual immunization regimen 
group was 68%, and the 2-year OS was 41%. However, 
the 1-year OS of the chemotherapy regimen group was 
58%, and the 2-year OS was only 27%. It is really 
a leap forward that double immunization program 
enables over 40% of patients to obtain 2-year OS. 
Meanwhile, OS can always be beneficial regardless of 
the histological type of MPM patients.24,25 Based on the 
results of CheckMate-743, nivolumab combined with 
ipilimumab was approved by the FDA in October 2020 
as the first-line treatment for adult patients with pre-
viously untreated, unresectable MPM. This regimen 
should be regarded as the new standard treatment for 
such patients no matter what histological subtype.

According to fundamental research on immunosup-
pressive tumor microenvironment (TME) of MPM, 
MPM was a possible favorable candidate for immu-
notherapy. ICIs are suggested to achieve certain promis-
ing effects. Other experimental studies show that 
immunotherapy has achieved certain results in MPM 
patients. DREAM was a multicentre, single-arm, open- 
label, Phase II trial which is the first trial of PD-L1 
inhibitor durvalumab combined with platinum-based 
chemotherapy in the first-line treatment of MPM. The 
study showed that 31 (57%; 95% CI 44–70) of 54 
patients were alive and progression-free at 6 months 
and Durvalumab was continued for a maximum of 12 

months. Compared with chemotherapy alone, che-
motherapy combined with immunotherapy enhances the 
6-month progression free survival rate and ORR (objec-
tive response rate), and the adverse reactions are 
tolerable.26 The exploration of immunotherapy in 
MPM is first carried out in the second-line treatment. 
In the multi-center, open-label, non-comparative, rando-
mized, Phase II trial IFCT-1501MAPS2, altogether 125 
qualified cases were enrolled and divided into nivolu-
mab (n=63) group and nivolumab plus ipilimumab 
(n=62) group. According to their findings, the nivolu-
mab plus ipilimumab group had the 1-year survival and 
median OS of 58% and 15.9 months (95% CI: 10.7 
months to unreached), respectively, while those in nivo-
lumab alone group were 49.0% and 11.9 (95% CI: 6.7– 
17.7) months, respectively.27 The COFIRM study is the 
first Phase III clinical study of anti PD-1 monoclonal 
antibody and placebo control in patients with recurrent 
malignant mesothelioma (95% of MPM). According to 
the result, nivolumab treatment increases OS benefit and 
longer survival with nivolumab (events 232 [target 291]; 
median, 9.2 vs 6.6 months; HR, 0.72; 95% CI, 0.55– 
0.94; P=0.02). The 1-year overall survival rate was 
39.5% in the nivolumab group and 26.9% in the placebo 
group. PFS was 3.0 months in the nivolumab group and 
1.8 months in the placebo group. The 1-year progression 
free survival rates were 14.5% and 4.9%, respectively, 
in the nivolumab group and the placebo group.28 

According to the Phase II trial KEYNOTE-158, pem-
brolizumab exhibited persistent anticancer effect and 
tolerable toxic effect on advanced MPM cases, despite 
the PD-L1 status.29 In the NivoMes Phase II study, 
enrolling 38 patients with relapsed MPM was treated 
with nivolumab, obtaining a 3-month DCR (Disease 
control rate, DCR) of 50% and an ORR of 24%.30 

3-Year Results of the MERIT Study showed that receiv-
ing nivolumab intravenously 240 mg every 2 weeks was 
well tolerated and no new safety signals were found. 
Median OS and PFS were 17.3 and 5.9 months in thirty- 
four patients enrolled who have been treated in one or 
two regimens with MPM before. The 2- and 3-year OS 
rates were 35.3% and 23.5%.31 At present, a Phase II, 
prospective, randomized controlled trial (RCT) is being 
carried out, which will help to evaluate the therapeutic 
effect of nivolumab plus standard chemotherapy on 
early MPM in the process of multimodal treatment.32 
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We have summarized and compared the results and 
safety of the above studies of immunotherapy (Table 1).

Biomarkers for MPM
The new era of MPM immunization has just arrived. 
The study of serum immune checkpoint and biomarker 
is conducive to judging the early prognosis and treat-
ment of MPM. PD-1 shows expression in the activated 
T cells, which together with the PD-L1 and PDL2 
ligands, regulates the functions of T-cell effectors.33 

The PD-L1-positive MPM is markedly related to the 
dismal prognosis compared with PD-L1-negative MPM 
(median survival, 4.8–5.0 vs 14.5–16.3 months).34,35 As 

revealed by another article, aPD-1/aCTLA-4 combined 
therapy profoundly enhanced T cell activation and 
growth, while these were not achieved in aPD-1 treat-
ment alone.36 CheckMate 743 confirmed that patients 
with PD-L1 ≥ 1% (HR=0.69) had more OS benefits 
and proved that the expression of PD-L1 may be 
a predictor of the efficacy of dual immunotherapy.23 

Other studies have shown that some genes are also 
associated with PD-1 expression. Loss-of-function muta-
tions in NF2 and LATS1/2 have been frequently 
observed, accounting for approximately 50% of MPM 
cases.37 Another study showed that Hippo-YAP activity 
is significantly correlated with PD-L1 expression in 

Table 1 The Studies on Immunotherapy of Malignant Pleural Mesothelioma

Study 
Name

Treatment Results Safety References

CheckMate 

74323

Nivolumab 

+ipilimumab 

(n=303)vs 
chemotherapy 

(n=302).

Median OS: 18.1 vs14.1months 

(HR=0.74, 96.6%,CI0.60~0.91, 

P=0.0020) 
2-year OS rate: 41% (95% CI 35·1– 

46·5) vs 27% (21·9–32·4)

AEs (Grade 3–4):91 (30%) of 300 vs 91 (32%) of 284. 

TRD:3 (1%) vs 1 (<1%)

[23,24]

DREAM 25 Cisplatin 

+Durvalumab 

+pemetrexed(n=54)

month PFS:57%(31 patients) 

PR rate:48%(26 patients)

AEs (Grade 3–4):neutropenia (7 [13%] patients), 

nausea (6 [11%]), and anaemia (4[7%]) 

Serious AEs:60 in 29 participants (5possibly related 
to durvalumab)

[25]

IFCT- 

1501MAPS2

Nivolumab (n=63) 

vs 

Nivolumab plus 
ipilimumab (n=62)

Median OS:11.9 (95% CI: 6.7–17.7 

months) vs 15.9(95% CI: 10.7 

months to not reached) months. 
1-year OS rate:49% vs 58%

AEs (Grade 3):asthenia (1 [2%] vs 3 [5%]), 

asymptomatic increase in aspartate aminotransferase 

or alanine aminotransferase (0 vs 4 [7%]), and 
asymptomatic lipase increase (2 [3%] vs 1[2%]). 

TRD:0 vs 3 (5%)

[26]

KEYNOTE- 

158

Pembrolizumab Median OS: 10·0 months (95% CI 

7·6–13·4) 

Median PFS:2·1 months (2·1–3·9). 
OR:14.3 months (4.0 to 33.9+) 

12-month ORR:60%.

AEs:82 (69%) 

AEs (Grade 3):19 (16%) 

TRD:1(<1%)

[28]

MERIT Nivolumab Median OS:17.3 months. 

PFS:5.9 months. 

2-year OS rates:35.3% 
3-Year OS rate: 23.5%

No new safety signals were found [31]

NICITA Chemotherapy 
combined with 

nivolumab VS 

Chemotherapy

Ongoing Ongoing [32]

Abbreviations: AEs, adverse events; CI, confidence interval; OS, overall survival; ORR, overall response rate; PFS, progression-free survival; TRD, treatment-Related 
Death; DCR,disease control rate.
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MPM samples, supporting anti-PD/PD-L1 immunother-
apy for this subset of MPM patients. Furthermore, muta-
tions affecting the core signaling molecules (LATS1/2, 
MST1) regulating Hippo-YAP activity in MPM patients 
presented better overall survival after ICB treatment. At 
the same time, they observed that in MPM with low 
NF2 expression, a high plasma B-cell infiltrative signa-
ture predicts better overall survival.38 A study on 
a unique phenotype of MPM immune microenvironment 
showed that p14/ARF-positive epithelioid mesothelio-
mas may mark a more aggressive pathological pheno-
type (higher nuclear grade and PD-L1 expression) and 
p14/ARF-negative tumors appear to have an immune 
microenvironment less sensitive to immune checkpoint 
inhibitors.39

Genomic studies have shown that there is no specific 
driver gene mutation detected in MPM patients, and the 
inactivation of tumor suppressor genes is dominant, 
including CDKN2A/2B, BAP1, NF2, lAST2 and other 
genes. Because it is more difficult to correct the inacti-
vated tumor suppressor genes than to target the tumor 
driver genes, previous studies on targeted therapy of 
MPM have failed mostly.40 Gene BAP1 mutation is 
a common type of mutation in MPM patients. BAP1 
gene mutation was detected in 45% - 100% of MPM. 
BAP1 gene mutation mainly existed in epithelioid 
MPM, which was related to good prognosis.41 Gene 
BAP1 mutation leads to DNA double strand damage 
repair ability defect, resulting in genomic instability, 
which leads to the occurrence and development of 
diseases.42 Another retrospective article was conducted 
on 67 MPM cases, which discovered that BAP1 altera-
tions occurred in the early stage of MPM occurrence 
and showed negative correlation with chemotherapy 
response through sequencing the samples acquired long-
itudinally. As confirmed in that article, BAP1 loss 
resulted in cisplatin resistance in vitro, which was 
mostly related to the decreased apoptosis.43 In vivo 
and in vitro experiments, the BAP1 gene mutation 
MPM cells were resistant to the tumor EZH2 (enhancer 
of zeste homolog 2) is sensitive. Tazemetostat, the first 
EZH2 inhibitor in the world, has been approved by FDA 
for metastatic or advanced epithelioid sarcoma that is 
not suitable for surgical resection. Currently, a Phase II 
clinical study in relapsed MPM shows that tazemetostat 

generates a good anti-tumor effect on patients with 
BAP1 gene mutation, and it is safe and reliable 
(NCT0280286). Meanwhile, other three pan HDAC 
inhibitors are being studied in MPM patients 
(NCT00365053, Nct00128102 and NCT00535951).44 In 
addition, there are also many biomarker-related experi-
ments that have been proved to be related to the occur-
rence and development of MPM. A study using 
bioinformatics tools demonstrated that EZH2 and 
HMMR were found over-expressed in MPM tissues 
and the patients with elevated EZH2 and HMMR 
expressions had poor overall survival.41 Moreover, the 
study has confirmed that CDKN2A (p16) mutation is 
associated with poor prognosis. In sarcomatoid MPM, 
and the positive rate of CDKN2A (p16) almost remains 
100%.45 There are also numerous ongoing and com-
pleted experimental studies on MPM biomarkers,46 aim-
ing to better guide the clinical and bring the hope of 
cure to patients. We have summarized and compared the 
results and safety of the above studies of biomarkers 
associated with MPM (Table 2).

Conclusion
The diagnosis of many MPM cases is made at the 
advanced stage because of its aggressiveness and insi-
diousness. At present, molecular and clinical studies 
focus on prolonging patient survival and improving 
their life quality. Immunotherapy was first widely used 
in other cancers. After decades of trial failures, immu-
notherapy is rapidly emerging as an important tool for 
the treatment of MPM. Typically, the Checkmate-743 
study has brought favorable news for MPM cases. In 
October 2020, the FDA approved Nivolumab plus ipili-
mumab for treating treatment-naive unresectable MPM 
cases as a first-line treatment. Recently, the immunother-
apy has altered the treatment and further enhanced the 
survival of these patients. Immune checkpoint inhibitors 
are a new research direction in the treatment of MPM. 
Meanwhile, the research of molecular markers also pro-
vides a new idea for the treatment of MPM. In the 
future, the treatment of MPM still needs to be studied. 
Gene detection and targeted therapy may also be one of 
the treatment options for MPM in the future. We hope 
that this article gives useful information to physicians in 
the area.
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