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Introduction
Malignant pleural mesothelioma (MPM) is a rare 
cancer of the pleura with increasing incidence 
worldwide.1 MPM is associated with asbestos 
exposure, which is responsible for 80% of the 
diagnosed cases,2 and is an aggressive cancer with 
a grim prognosis.1 The median survival period of 
patients with MPM is 8–14 months3 and the 
5-year overall survival (OS) rate is 8.5%.4 For 
localized disease of MPM, the mainstay thera-
peutic strategies are surgical resection with or 
without radiotherapy and/or chemotherapy, 

whereas for patients with unresectable disease, 
multimodality therapy including radiotherapy 
and chemotherapy is usually selected.5 Moreover, 
immunotherapy with checkpoint blockade has 
emerged as a promising new treatment for unre-
sectable MPM.6–8 KEYNOTE-028 was the first 
clinical trial to show the benefit of immune check-
point inhibition (ICI) in patients with MPM.9 
Although revolutionary advancements have been 
achieved in the treatment of MPM in the last dec-
ade, the prognosis for MPM has not substantially 
improved. Biomarkers are important for the early 
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Abstract
Background: The prognostic value of programmed death-ligand 1 (PD-L1) expression in 
patients with malignant pleural mesothelioma (MPM) has been controversial according to 
previous investigations. Therefore, we conducted a meta-analysis to assess the potential 
prognostic significance of PD-L1 expression in MPM.
Methods: PubMed, Embase, Web of Science, Scopus, and the Cochrane Library were 
thoroughly searched for relevant original articles published before 9 April 2020. The 
pooled hazard ratios (HRs) and 95% confidence intervals (CIs) of overall survival (OS) and 
progression-free survival (PFS) were calculated. The results of the meta-analysis were 
verified using The Cancer Genome Atlas (TCGA) dataset.
Results: In total 16 studies were included in our meta-analysis. A high PD-L1 expression 
was associated with a poor OS (HR = 1.53, 95% CI = 1.28–1.83, p < 0.001), but not a grave 
PFS (HR = 1.07, 95% CI = 0.82–1.39, p = 0.643) in MPM. Furthermore, the PD-L1 expression 
correlated with the sarcomatoid + biphasic type of MPM (odds ratio = 4.32, 95% CI = 2.16–
8.64, p < 0.001). TCGA data indicated that PD-L1 was a significant prognostic factor for OS 
(HR = 2.069, 95% CI = 1.136–3.769, p = 0.0175), but not for PFS (HR = 1.205, 95% CI = 0.572–2.539, 
p = 0.624), which was in accordance with the results of the meta-analysis.
Conclusion: A high PD-L1 expression is a significant prognostic factor for poor OS of patients 
with MPM. We therefore suggest that PD-L1 expression levels can be used to predict the 
clinical outcomes of patients with MPM in the future.
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determination of prognosis for patients with 
MPM. Therefore, it is necessary to identify novel 
and effective prognostic factors for MPM.

Programmed death-ligand 1 (PD-L1) is a 40 kDa 
surface glycoprotein molecule that is expressed in 
a variety of immune cells and tumor cells.10 
PD-L1 plays a vital role in immune suppression. 
The interaction of PD-L1 with programmed cell 
death 1 (PD-1) negatively regulates T cell-medi-
ated immune responses.11 The activation of the 
PD-1/PD-L1 signal pathway inhibits effector T 
cell function and protects cancer cells from 
immune surveillance.12 Many studies have demon-
strated the prognostic role of PD-L1 expression in 
diverse solid tumors, including hepatocellular car-
cinoma,13 colorectal cancer,14 breast cancer,15 
lung cancer,16 and pancreatic cancer.17 The 
potential prognostic value of tumor PD-L1 
expression in patients with MPM has also been 
investigated; however, the results are inconsist-
ent.18–23 In addition, there is no consensus on 
whether PD-L1 expression can predict the effi-
ciency of ICI treatments and the outcomes for 
patients receiving them.6 Therefore, we per-
formed a meta-analysis to incorporate current 
evidence to assess the prognostic significance of 
PD-L1 expression for MPM. In addition, we also 
validated the results of the meta-analysis using 
The Cancer Genome Atlas (TCGA) to confirm 
the reliability of the data.

Methods

Study guidelines and ethics
We carried out the meta-analysis according to the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines.24 As our research 
was based on data extracted from previously pub-
lished studies, ethical approval was not required.

Search strategy
Electronic platforms such as PubMed, Embase, 
Web of Science, Scopus, and the Cochrane 
Library were thoroughly searched using the fol-
lowing terms: PD-L1, programmed death 
ligand-1, PDL1, B7-H1, B7 homolog 1, CD274, 
programmed cell death ligand 1, mesothelioma, 
MPM, and malignant pleural mesothelioma. The 
search was conducted up to 9 April 2020. The 
search strategies for PubMed are shown in the 
Supplemental Material online. Searches were 

limited to English-language publications. In addi-
tion, the reference lists of the retrieved articles 
were examined for potential eligible studies.

Selection criteria
Eligible studies were selected based on the follow-
ing inclusion criteria: (1) patients’ MPM diagno-
ses were pathologically and/or histologically 
confirmed; (2) the studies recorded sufficient 
data to calculate the hazard ratio (HR) with 95% 
confidence interval (CI) for overall survival (OS) 
and/or progression-free survival (PFS); (3) 
PD-L1 expression in tumor tissue was detected 
using immunohistochemistry (IHC) staining; (4) 
PD-L1 expression was stratified into high and 
low groups using a definite cut-off value; and (5) 
the studies were published in English. The exclu-
sion criteria were as follows: (1) duplicate reports, 
meeting abstracts, correspondences, letters, and 
reviews; (2) studies without sufficient data for 
meta-analysis; and (3) animal studies and basic 
research. OS was calculated from diagnosis of 
malignancy until death due to any cause or until 
the date of last follow-up visit for still alive 
patients. PFS was calculated from diagnosis of 
malignancy until disease progression.

Data extraction
Two independent researchers (LJ and WG) 
extracted data in a standardized form from the 
included studies, and any disagreements were 
resolved via discussion with a third investigator 
(ZC). The information extracted from each study 
included the first author, country, year of publi-
cation, number of cases, enrollment duration, 
treatment, sex, median or mean age of patients, 
study design, survival endpoints, follow-up, cut-
off values for high PD-L1 expression, HR esti-
mate, and HR with 95% CI.

Qualitative assessment
Two investigators (XL and LX) independently 
assessed the methodological quality of all the 
included studies, using the Newcastle–Ottawa 
Scale (NOS).25 The NOS includes three domains: 
selection (0–4 stars), comparability (0–2 stars), 
and outcome (0–3 stars). The maximum score of 
the NOS is nine points and studies with NOS 
scores ⩾6 are considered high-quality studies. 
Any discrepancies were discussed by all the 
researchers in the group, to reach a consensus.
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Bioinformatics study using TCGA data
The RNA-sequencing data and corresponding 
survival analysis of patients with MPM were ana-
lyzed using TCGA data. We accessed the datasets 
through cBioPortal (http://www.cbioportal.org/). 
The “TCGA, PanCancer Atlas” dataset was 
selected, and 87 patients with available data were 
included. This dataset was selected because it 
contained the largest sample size in mesothelioma 
type of cancer. We requested mRNA expression 
with a z-score threshold of ±1.4, based on the 
median value and referring to previous litera-
ture.26 Analyses of OS and PFS were conducted 
using Kaplan–Meier plots.

Statistical analysis
The prognostic value of PD-L1 for OS and PFS 
was calculated by pooling the HR and 95% CI val-
ues. The odds ratios (ORs) and 95% CIs were cal-
culated to evaluate the association between PD-L1 
expression and clinicopathological characteristics 
of MPM. The heterogeneity among the studies 
was detected using Cochran’s Q test and the I2 
test. If the heterogeneity was significant (p < 0.1 or 
I2 >50%), a random-effects model (REM) (the 
Mantel–Haenszel method) was used; otherwise, a 
fixed-effects model (the DerSimonian and Laird 
method) was applied. We also conducted subgroup 
analyses to detect potential sources of heterogene-
ity. A survival analysis (using TCGA) of 87 patients 
was conducted in cBioPortal, using the Kaplan–
Meier curve. Publication bias was analyzed using 
the Begg’s test. All the calculations were performed 
using Stata version 12.0 (StataCorp LP, TX, 
USA). A two-sided p-value < 0.05 was considered 
to indicate statistical significance.

Results

Literature search
A total of 452 records were identified through lit-
erature retrieval and reference list examination. 
Then, 299 duplicate publications were excluded, 
and 153 studies were screened by title and 
abstract. Subsequently, 119 studies were dis-
carded and 34 studies9,18–23,27–53 were left for eligi-
bility assessment by full-text examination. 
Eighteen studies were excluded for different rea-
sons: one study did not detect PD-L1 expression 
in sera samples other than tumor tissues,37 11 
studies did not present sufficient data for meta-
analysis,9,38,39,42–48,52 two studies did not use 
unique cut-off value,40,50 one study did not test 

PD-L1 expression,41 one study was a letter to the 
editor,49 and two studies recruited patients with 
pleural and peritoneal mesothelioma tumors other 
than MPM.51,53 Finally, 16 studies were included 
in our meta-analysis.18–23,27–36 The flow chart of 
the article screening process is shown in Figure 1.

Characteristics of eligible studies
The baseline features of the 16 included studies 
are summarized in Table 1. The studies were pub-
lished from 2014 to 2020. The sample size of the 
individual studies ranged from 27 to 329, and our 
meta-analysis eventually included 1899 patients. 
Two studies were prospective studies19,23 and 14 
were of retrospective design.18,20–22,27–36 All 16 
studies18–23,27–36 provided data on the association 
between PD-L1 and OS, whereas only two stud-
ies reported data on PFS.19,30 With respect to 
treatment, seven studies enrolled patients receiv-
ing surgery,18,27–29,31,35,36 three studies recruited 
patients receiving chemotherapy19,33 or immuno-
therapy,30 and six studies included patients receiv-
ing mixed treatments (chemotherapy, radiotherapy, 

Figure 1.  Flow chart of included studies for the meta-analysis.
MPM, malignant pleural mesothelioma; PD-L1, programmed death-ligand 1.
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and surgery).20–23,32,34 The detailed information of 
antibody used in IHC for included studies is shown 
in Table 2. The NOS indicated that all the included 
studies were of high quality (score ⩾6); the detailed 
scores are shown in Table 3.

Prognostic value of PD-L1 for OS and PFS
The data derived from 16 studies comprising 
1899 patients were used to investigate the prog-
nostic significance of PD-L1 for OS. The pooled 

results were as follows: HR = 1.53, 95% CI = 1.28–
1.83, p < 0.001 (Table 4; Figure 2). As the hetero-
geneity was significant (I2 = 63.4%, p < 0.001), the 
REM was applied for calculation. For PFS, two 
studies consisting of 307 cases provided relevant 
data. The combined HR and 95% CI (HR = 1.07, 
95% CI = 0.82–1.39, p = 0.643) indicated that the 
association between PD-L1 expression and PFS 
was not significant (Table 4; Figure 3). We then 
conducted a subgroup analysis of OS for further 
investigations (Table 4). The results showed that 

Table 2.  Immunohistochemical methods for PD-L1 detection in the studies included in this meta-analysis.

Study Detection 
method

Primary antibody Cut-
off 
value  Antibody 

source
Antibody 
type

Antibody Antibody 
clone

Antibody 
dilution

Antibody company

Ahmadzada 
et al.18

IHC Rabbit MAB Anti-PD-L1 E1L3N 1:75 Cell Signaling Technology, 
Danvers, MA, USA

5%

Brosseau et al.19 IHC NR NR Anti-PD-L1 E1L3N 1:400 CST/Ozyme 1%

Cedres et al.20 IHC Rabbit MAB Anti-PD-L1 E1L3N 1:1200 Cell Signaling Technology, 
Danvers, MA, USA

1%

Cedres et al.21 IHC Rabbit MAB Anti-PD-L1 E1L3N 1:1200 Cell Signaling Technology, 
Danvers, MA, USA

1%

Combaz-Lair 
et al.22

IHC Rabbit MAB Anti-PD-L1 E1L3N 1:100 Cell Signaling Technology, 
Danvers, MA, USA

1%

de Perrot et al.23 IHC NR NR Anti-PD-L1 28.8 1:200 Abcam Inc., Toronto, 
Ontario, Canada

1%

Inaguma et al.27 IHC Rabbit MAB Anti-PD-L1 E1L3N 1:200 Cell Signaling Technology, 
Danvers, MA, USA

5%

Kao et al.28 IHC Rabbit MAB Anti-PD-L1 E1L3N 1:75 Cell Signaling Technology, 
Danvers, MA, USA

5%

Mansfield et al.29 IHC Mouse MAB Anti-B7-H1 5H1-A3 1:300 NR 5%

Metaxas et al.30 IHC Rabbit MAB Anti-PD-L1 E1L3N NR Cell Signaling Technology, 
Danvers, MA, USA

5%

Muller et al.31 IHC Rabbit MAB Anti-PD-L1 E1L3N 1:100 Cell Signaling Technology, 
Danvers, MA, USA

1%

Nguyen et al.32 IHC Rabbit MAB Anti-PD-L1 SP263 NR VENTANA 1%

Patil et al.33 IHC NR NR Anti-PD-L1 SP142 1:30 Genentech/Ventana Roche 1%

Sobhani et al.34 IHC NR MAB Anti-PD-L1 22c3 1:50 DAKO Score 
1

Thapa et al.35 IHC Rabbit MAB Anti-PD-L1 E1L3N NR Cell Signaling Technology, 
Danvers, MA, USA

5%

Watanabe 
et al.36

IHC NR NR Anti-PD-L1 SP142 NR Ventana Medical Systems, 
Tucson, AZ, USA

1%

IHC, immunohistochemistry staining; MAB, monoclonal antibody; NR, not reported; PD-L1, programmed death-ligand 1.
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PD-L1 overexpression significantly correlated 
with poor OS irrespective of the sample size, treat-
ment method, or PD-L1 cut-off value.

Relationship between PD-L1 expression and 
clinicopathological characteristics in MPM
A total of five studies with 840 patients explored 
the connection between PD-L1 and four clinical 
factors, namely, smoking (yes versus no),21,29 clini-
cal stage (III–IV versus I–II),21,35 sex (male versus 
female),19,21,28,29,35 and pathological type (sarco-
matoid + biphasic versus epithelial).19,21,28,29,35 The 
pooled ORs and 95% CIs (Figure 4) demonstrated 
that PD-L1 overexpression correlated with the sar-
comatoid + biphasic type of MPM (OR = 4.32, 95% 
CI = 2.16–8.64, p < 0.001). However, the associa-
tion between PD-L1 and smoking (OR = 1.06, 95% 

CI = 0.56–2.05, p = 0.855), clinical stage 
(OR = 1.17, 95% CI = 0.76–1.81, p = 0.478), and 
sex (OR = 1.02, 95% CI = 0.67–1.54, p = 0.944) 
was not significant.

Publication bias
Begg’s funnel plot was applied to assess the pub-
lication bias of the literature. The plot (Begg’s 
test: p = 0.964 for OS and 0.317 for PFS) demon-
strated that there was no significant publication 
bias in the meta-analysis (Figure 5).

TCGA dataset validation of prognostic value of 
PD-L1 expression in MPM
To further validate and confirm the prognostic 
significance of PD-L1 expression for OS and PFS 

Table 4.  Summary of subgroup analysis in studies that reported overall survival and progression-free survival stratified by 
programmed death-ligand 1 status in patients with malignant pleural mesothelioma.

Subgroups Studies, n Patients, n Heterogeneity HR (95% CI) p-value Effects 
model

  I2, % p

Overall survival

Total 16 1899 63.4 <0.001 1.53 (1.28–1.83) <0.001 REM

Study design

Retrospective 14 1616 67.8 <0.001 1.63 (1.32–2.01) <0.001 REM

Prospective 2 283 0 0.504 1.21 (0.92–1.59) 0.178 FEM

Sample size

n < 80 8 445 13.0 0.329 1.83 (1.41–2.37) <0.001 FEM

n ⩾ 80 8 1454 64.9 0.006 1.37 (1.13–1.66) 0.001 REM

Treatment method

Surgery 7 1100 67.4 0.005 1.48 (1.15–1.90) 0.003 REM

Chemotherapy or 
immunotherapy

3 406 37.8 0.200 1.38 (1.12–1.71) 0.002 FEM

Mixed 6 393 0 0.425 1.87 (1.39–2.53) <0.001 FEM

Cut-off value

1% and other 10 1057 61.6 0.005 1.47 (1.18–1.85) 0.001 REM

5% 6 842 52.4 0.062 1.64 (1.19–2.26) 0.003 REM

Progression-free survival

Total 2 307 0 0.467 1.07 (0.82–1.39) 0.643 FEM

CI, confidence interval; FEM, fixed-effects model; HR, hazard ratio; REM, random-effects model.
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of patients with MPM, we evaluated the expres-
sion using TCGA data. The mRNA levels of 
PD-L1 were tested. A total of 87 samples were 
analyzed, with 86 and 84 samples accessible for 
OS and PFS analysis, respectively. The 

maximum follow-up period was 92 months. For 
the OS analysis, 86 patients were included; 14 
and 72 patients exhibited high and low PD-L1 
expression, respectively. In the PD-L1 overex-
pression group, 13 patients died, with a median 

Figure 2.  Forest plot of pooled hazard ratio for association between programmed death-ligand 1 and overall 
survival in patients with malignant pleural mesothelioma.
CI, confidence interval; HR, hazard ratio.

Figure 3.  Forest plot of pooled hazard ratio for association between programmed death-ligand 1 and 
progression-free survival in patients with malignant pleural mesothelioma.
CI, confidence interval; HR, hazard ratio.
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survival period of 6.08 months. In the PD-L1 
underexpression group, 60 patients died at the 
end of follow-up, with a median survival period of 
19.99 months. The HR was 2.069, with 95% 

CI = 1.136–3.769 and p = 0.0175 (Figure 6). For 
the PFS analysis, 84 patients were included; 12 
and 72 patients exhibited high and low expression 
of PD-L1, respectively. Eight patients in the 

Figure 4.  Meta-analysis of the association between programmed death-ligand 1 and (A) smoking (yes versus no), (B) clinical stage, 
(C) sex, and (D) pathological type in malignant pleural mesothelioma.
CI, confidence interval; HR, hazard ratio.

Figure 5.  Begg’s funnel plot for the assessment of potential publication bias. (A) For overall survival; (B) for progression-free survival.
CI, confidence interval; HR, hazard ratio; PD-L1, programmed death-ligand 1; s.e.of: lnhr, standard error of ln(HR).
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PD-L1 overexpression group and 51 patients in 
the PD-L1 underexpression group exhibited dis-
ease progression with median PFS periods of 
10.26 and 14.73 months, respectively. The HR of 
PFS was 1.205, with 95% CI = 0.572–2.539 and 
p = 0.624 (Figure 6).

Discussion
The prognostic value of PD-L1 expression in 
patients with MPM has been controversial accord-
ing to previous investigations. We therefore carried 
out a meta-analysis to identify the exact signifi-
cance of PD-L1 expression for the prognosis of 
MPM. Our meta-analysis indicated that high 
PD-L1 expression is a significant prognostic factor 
for poor OS, but not for PFS, of patients with 
MPM. The prognostic value of PD-L1 for OS was 
further confirmed using TCGA data. Moreover, 
overexpression of PD-L1 was associated with sar-
comatoid and biphasic histology of MPM.

The PD-L1/PD-1 pathway is the prominent 
mechanism of peripheral tolerance in the immune 
system. PD-L1 was the first reported ligand of 
PD-1, and the binding of PD-L1/PD-1 could 
promote inhibition, the proliferation of T cells, 
and cytokine production.54 PD-L1 is significantly 
expressed in different types of immune cells, 
including macrophages, B cells, T cells, myeloid 
DCs, and NK cells.55 The PD-L1/PD-1 immune 
checkpoints can disrupt the PD-1 axis to reverse 

T-cell suppression and enhance endogenous anti-
tumor immunity in various types of cancer.11 
There are several ongoing clinical trials to evalu-
ate the efficiency and safety of single-agent and 
combination ICIs in MPM treatment.9 An anti-
PD-1 monoclonal antibody (mAb), nivolumab, 
showed clinical activity and an acceptable safety 
profile as a second-line treatment for recurrent 
MPM.42 The NIBIT-MESO-1 study also dem-
onstrated that the combination of anti-CTLA4 
mAb (tremelimumab) and anti-PD-L1 mAb 
(durvalumab) was active, with a good safety pro-
file in patients with mesothelioma.46 In those 
studies, PD-L1 expression did not correlate with 
the outcome in patients receiving ICI treatments. 
Herein, we have shown the prognostic value of 
PD-L1 for poor OS of patients who underwent 
surgery, chemotherapy/immunotherapy, and sys-
temic treatment. However, only one study involv-
ing patients who received pembrolizumab was 
included in this meta-analysis.30 Considering that 
ICIs are promising therapeutic strategies for 
MPM, further studies are needed to identify the 
prognostic value of PD-L1 expression for MPM 
patients receiving immunotherapy.

Many recent meta-analyses have also demonstrated 
the prognostic value of PD-L1 expression in solid 
tumors.12,13,56,57 Zeng et  al. showed that PD-L1 
expression was associated with the prognosis of dif-
fuse large B-cell lymphoma (DLBCL) (HR = 1.70, 
95% CI = 1.05–2.74, p = 0.031).56 Li et al. reported 

Figure 6.  Kaplan–Meier plotter showing the prognostic role of PD-L1 mRNA expression for (A) overall survival and (B) progression-
free survival in malignant pleural mesothelioma. Data were derived from The Cancer Genome Atlas dataset.
CI, confidence interval; HR, hazard ratio; PD-L1, programmed death-ligand 1.
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that a high PD-L1 expression was associated with 
a shorter OS period of patients with hepatocellular 
carcinoma.13 In addition, a recent meta-analysis 
indicated that PD-L1 overexpression could pre-
dict poor survival outcomes related to bladder 
cancer.58 Through our meta-analysis, we found a 
significant prognostic value of PD-L1 overexpres-
sion for poor OS, but not for PFS. The non-signif-
icant association between PD-L1 and PFS may be 
due to the limited number of studies included in 
the analysis. Therefore, the prognostic signifi-
cance of PD-L1 for PFS should be verified via fur-
ther studies. Moreover, in future prospective 
clinical trials, the prognostic impact of PD-L1 
should be verified. It is also suggested to include 
PD-L1 testing in the diagnostic pathway of 
patients with malignant disease like MPM.

Some limitations of this meta-analysis need to be 
noted. First, the heterogeneity among the studies 
is significant and cannot be ignored. Study design, 
treatment methods, and other factors can result in 
heterogeneity among studies. Second, non-English 
studies and studies with negative results were not 
included in our meta-analysis; this may have 
caused publication bias. Third, studies from the 
USA and Europe accounted for the majority of 
the included studies, which may have limited the 
applicability of the results to other regions of the 
world. Fourth, the studies for PFS analysis were 
too limited, because only two studies19,30 were eli-
gible. Although we did not restrict the treatment 
of eligible studies, the sample size for PFS analysis 
was relatively small. We suggested that more clini-
cal trials investigating PFS should be validated, 
especially using various treatment methods includ-
ing surgery, chemotherapy, and immunotherapy.

Conclusion
In summary, this meta-analysis shows that high 
PD-L1 expression is a significant prognostic fac-
tor for poor OS of patients with MPM; this has 
been verified using TCGA data. We therefore 
suggest that PD-L1 expression levels can be used 
to predict the clinical outcomes of MPM patients 
in the future.

Author contributions
LJ and WG collected, extracted, performed qual-
ity assessment of articles; LJ, XL, and LX ana-
lyzed the data; WG and LW conceived and 
designed this study and wrote the paper. ZC 
reviewed the final manuscript. LJ and LX revised 

the manuscript. All authors read and approved 
the final manuscript.

Availability of data and materials
The data that support the findings of this study 
are available from the corresponding author upon 
reasonable request.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

ORCID iD
Zhongwen Chen  https://orcid.org/0000-0002- 
7861-9140

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Haas AR, Sterman DH and Haas AR. 

Malignant mesothelioma: has anything 
changed? Semin Respir Crit Care Med 2019;  
40: 347–360.

	 2.	 Carbone M, Ly BH, Dodson RF, et al. Malignant 
mesothelioma: facts, myths, and hypotheses. 
J Cell Physiol 2012; 227: 44–58.

	 3.	 Nicolini F, Bocchini M, Bronte G, et al. Malignant 
pleural mesothelioma: state-of-the-art on current 
therapies and promises for the future. Front Oncol 
2020; 9: 1519.

	 4.	 Di Noia V, Vita E, Ferrara M, et al. Malignant 
pleural mesothelioma: is tailoring the second-
line therapy really “raising the bar?” Curr Treat 
Options Oncol 2019; 20: 23.

	 5.	 van Zandwijk N, Clarke C, Henderson D, et al. 
Guidelines for the diagnosis and treatment of 
malignant pleural mesothelioma. J Thorac Dis 
2013; 5: E254–E307.

	 6.	 Nowak AK, McDonnell A and Cook A. Immune 
checkpoint inhibition for the treatment of 
mesothelioma. Expert Opin Biol Ther 2019; 19: 
697–706.

	 7.	 Hotta K, Fujimoto N, Kozuki T, et al. 
Nivolumab for the treatment of unresectable 

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0002-7861-9140
https://orcid.org/0000-0002-7861-9140


Therapeutic Advances in Medical Oncology 12

12	 journals.sagepub.com/home/tam

pleural mesothelioma. Expert Opin Biol Ther 
2020; 20: 109–114.

	 8.	 Hotta K and Fujimoto N. Current evidence 
and future perspectives of immune-checkpoint 
inhibitors in unresectable malignant pleural 
mesothelioma. J Immunother Cancer 2020; 8: 
e000461.

	 9.	 Alley EW, Lopez J, Santoro A, et al. Clinical 
safety and activity of pembrolizumab in 
patients with malignant pleural mesothelioma 
(KEYNOTE-028): preliminary results from 
a non-randomised, open-label, phase 1b trial. 
Lancet Oncol 2017; 18: 623–630.

	10.	 Zou W, Wolchok JD and Chen L. PD-L1 (B7-
H1) and PD-1 pathway blockade for cancer 
therapy: mechanisms, response biomarkers, and 
combinations. Sci Transl Med 2016; 8: 328rv4.

	11.	 Akinleye A and Rasool Z. Immune checkpoint 
inhibitors of PD-L1 as cancer therapeutics. J 
Hematol Oncol 2019; 12: 92.

	12.	 Wotman M, Herman SW, Costantino P, et al. 
The prognostic role of programmed death-ligand 
1 in nasopharyngeal carcinoma. Laryngoscope. 
Epub ahead of print 29 February 2020. DOI: 
10.1002/lary.28523.

	13.	 Li XS, Li JW, Li H, et al. Prognostic value of 
programmed cell death ligand 1 (PD-L1) for 
hepatocellular carcinoma: a meta-analysis. Biosci 
Rep 2020; 40: BSR20200459.

	14.	 Yang LZ, Xue RJ and Pan CH. Prognostic and 
clinicopathological value of PD-L1 in colorectal 
cancer: a systematic review and meta-analysis. 
Onco Targets Ther 2019; 12: 3671–3682.

	15.	 Li SC, Chen L and Jiang J. Role of programmed 
cell death ligand-1 expression on prognostic and 
overall survival of breast cancer: a systematic 
review and meta-analysis. Medicine 2019; 98: 
e15201.

	16.	 Li H, Xu Y, Wan B, et al. The clinicopathological 
and prognostic significance of PD-L1 expression 
assessed by immunohistochemistry in lung 
cancer: a meta-analysis of 50 studies with 
11,383 patients. Transl Lung Cancer Res 2019; 8: 
429–449.

	17.	 Hu Y, Chen W, Yan Z, et al. Prognostic value 
of PD-L1 expression in patients with pancreatic 
cancer: a PRISMA-compliant meta-analysis. 
Medicine (Baltimore) 2019; 98: e14006.

	18.	 Ahmadzada T, Lee K, Clarke C, et al. High 
BIN1 expression has a favorable prognosis in 
malignant pleural mesothelioma and is associated 
with tumor infiltrating lymphocytes. Lung Cancer 
2019; 130: 35–41.

	19.	 Brosseau S, Danel C, Scherpereel A, 
et al. Shorter survival in malignant pleural 
mesothelioma patients with high PD-L1 
expression associated with sarcomatoid or 
biphasic histology subtype: a series of 214 cases 
from the Bio-MAPS cohort. Clin Lung Cancer 
2019; 20: e564–e575.

	20.	 Cedres S, Ponce-Aix S, Pardo-Aranda N, et al. 
Analysis of expression of PTEN/PI3K pathway 
and programmed cell death ligand 1 (PD-L1) in 
malignant pleural mesothelioma (MPM). Lung 
Cancer 2016; 96: 1–6.

	21.	 Cedres S, Ponce-Aix S, Zugazagoitia J, et al. 
Analysis of expression of programmed cell 
death 1 ligand 1 (PD-L1) in malignant pleural 
mesothelioma (MPM). PLoS One 2015; 10: 
e0121071.

	22.	 Combaz-Lair C, Galateau-Salle F, McLeer-
Florin A, et al. Immune biomarkers PD-1/PD-L1 
and TLR3 in malignant pleural mesotheliomas. 
Hum Pathol 2016; 52: 9–18.

	23.	 de Perrot M, Wu L, Cabanero M, et al. 
Prognostic influence of tumor microenvironment 
after hypofractionated radiation and surgery 
for mesothelioma. J Thorac Cardiovasc Surg. 
Epub ahead of print 13 November 2019. DOI: 
10.1016/j.jtcvs.2019.10.122.

	24.	 Moher D, Liberati A, Tetzlaff J, et al. Preferred 
reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med 
2009; 6: e100009.

	25.	 Stang A. Critical evaluation of the Newcastle-
Ottawa scale for the assessment of the quality of 
nonrandomized studies in meta-analyses. Eur J 
Epidemiol 2010; 25: 603–605.

	26.	 Wang L. Prognostic effect of programmed death-
ligand 1 (PD-L1) in ovarian cancer: a systematic 
review, meta-analysis and bioinformatics study. J 
Ovarian Res 2019; 12: 37.

	27.	 Inaguma S, Lasota J, Wang ZF, et al. Expression 
of ALCAM (CD166) and PD-L1 (CD274) 
independently predicts shorter survival in 
malignant pleural mesothelioma. Hum Pathol 
2018; 71: 1–7.

	28.	 Kao SC, Cheng YY, Williams M, et al. Tumor 
suppressor microRNAs contribute to the 
regulation of PD-L1 expression in malignant 
pleural mesothelioma. J Thorac Oncol 2017; 12: 
1421–1433.

	29.	 Mansfield AS, Roden AC, Peikert T, et al. B7-H1 
expression in malignant pleural mesothelioma is 
associated with sarcomatoid histology and poor 
prognosis. J Thorac Oncol 2014; 9: 1036–1040.

https://journals.sagepub.com/home/tam


L Jin, W Gu et al.

journals.sagepub.com/home/tam	 13

	30.	 Metaxas Y, Rivalland G, Mauti LA, et al. 
Pembrolizumab as palliative immunotherapy in 
malignant pleural mesothelioma. J Thorac Oncol 
2018; 13: 1784–1791.

	31.	 Muller S, Victoria Lai W, Adusumilli PS, et al. 
V-domain Ig-containing suppressor of T-cell 
activation (VISTA), a potentially targetable 
immune checkpoint molecule, is highly expressed 
in epithelioid malignant pleural mesothelioma. 
Mod Pathol 2020; 33: 303–311.

	32.	 Nguyen BH, Montgomery R, Fadia M, et al. 
PD-L1 expression associated with worse survival 
outcome in malignant pleural mesothelioma. Asia 
Pac J Clin Oncol 2018; 14: 69–73.

	33.	 Patil NS, Righi L, Koeppen H, et al. Molecular 
and histopathological characterization of the 
tumor immune microenvironment in advanced 
stage of malignant pleural mesothelioma. J Thorac 
Oncol 2018; 13: 124–133.

	34.	 Sobhani N, Roviello G, Pivetta T, et al. Tumour 
infiltrating lymphocytes and PD-L1 expression as 
potential predictors of outcome in patients with 
malignant pleural mesothelioma. Mol Biol Rep 
2019; 46: 2713–2720.

	35.	 Thapa B, Salcedo A, Lin X, et al. The immune 
microenvironment, genome-wide copy number 
aberrations, and survival in mesothelioma. J 
Thorac Oncol 2017; 12: 850–859.

	36.	 Watanabe T, Okuda K, Murase T, et al. Four 
immunohistochemical assays to measure 
the PD-L1 expression in malignant pleural 
mesothelioma. Oncotarget 2018; 9: 20769–20780.

	37.	 Chiarucci C, Cannito S, Daffina MG, et al. 
Circulating levels of PD-L1 in mesothelioma 
patients from the NIBIT-MESO-1 study: 
correlation with survival. Cancers (Basel) 2020; 
12: 361.

	38.	 Cedres S, Ponce-Aix S, Iranzo P, et al. Analysis of 
mismatch repair (MMR) proteins expression in a 
series of malignant pleural mesothelioma (MPM) 
patients. Clin Transl Oncol 2020; 22: 1390–1398.

	39.	 Chapel DB, Stewart R, Furtado LV, et al. Tumor 
PD-L1 expression in malignant pleural and 
peritoneal mesothelioma by Dako PD-L1 22C3 
pharmDx and Dako PD-L1 28-8 pharmDx 
assays. Hum Pathol 2019; 87: 11–17.

	40.	 Losi L, Bertolini F, Guaitoli G, et al. Role of 
evaluating tumor-infiltrating lymphocytes, 
programmed death1 ligand 1 and mismatch 
repair proteins expression in malignant 
mesothelioma. Int J Oncol 2019; 55: 1157–1164.

	41.	 Inaguma S, Lasota J, Czapiewski P, et al. CD70 
expression correlates with a worse prognosis in 

malignant pleural mesothelioma patients via 
immune evasion and enhanced invasiveness. J 
Pathol 2020; 250: 205–216.

	42.	 Quispel-Janssen J, van der Noort V, de Vries 
JF, et al. Programmed death 1 blockade with 
nivolumab in patients with recurrent malignant 
pleural mesothelioma. J Thorac Oncol 2018; 13: 
1569–1576.

	43.	 Salaroglio IC, Kopecka J, Napoli F, et al. Potential 
diagnostic and prognostic role of microenvironment 
in malignant pleural mesothelioma. J Thorac Oncol 
2019; 14: 1458–1471.

	44.	 Hassan R, Thomas A, Nemunaitis JJ, et al. 
Efficacy and safety of avelumab treatment 
in patients with advanced unresectable 
mesothelioma: phase 1b results from the 
JAVELIN solid tumor trial. JAMA Oncol 2019; 5: 
351–357.

	45.	 Scherpereel A, Mazieres J, Greillier L, et al. 
Nivolumab or nivolumab plus ipilimumab 
in patients with relapsed malignant pleural 
mesothelioma (IFCT-1501 MAPS2): a 
multicentre, open-label, randomised, non-
comparative, phase 2 trial. Lancet Oncol 2019; 20: 
239–253.

	46.	 Calabro L, Morra A, Giannarelli D, et al. 
Tremelimumab combined with durvalumab in 
patients with mesothelioma (NIBIT-MESO-1): 
an open-label, non-randomised, phase 2 study. 
Lancet Respir Med 2018; 6: 451–460.

	47.	 Chung YS, Kim M, Cha YJ, et al. Expression of 
V-set immunoregulatory receptor in malignant 
mesothelioma. Mod Pathol 2020; 33: 263–270.

	48.	 Terra S, Mansfield AS, Dong HD, et al. 
Temporal and spatial heterogeneity of 
programmed cell death 1-Ligand 1 expression in 
malignant mesothelioma. Oncoimmunology 2017; 
6: e1356146.

	49.	 Grosse A and Grosse C. PD-L1 expression in 
biphasic pleural mesothelioma with histiocytoid 
morphology and enrichment of CD8+/CD4+ 
lymphocytes. Pathol Int 2019; 69: 180–182.

	50.	 Forest F, Patoir A, Dal Col P, et al. Nuclear 
grading, BAP1, mesothelin and PD-L1 
expression in malignant pleural mesothelioma: 
prognostic implications. Pathology 2018; 50: 
635–641.

	51.	 Khanna S, Thomas A, Abate-Daga D, et al. 
Malignant mesothelioma effusions are infiltrated 
by CD3+ T cells highly expressing PD-L1 and 
the PD-L1+ tumor cells within these effusions 
are susceptible to ADCC by the Anti-PD-L1 
antibody avelumab. J Thorac Oncol 2016; 11: 
1993–2005.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 12

14	 journals.sagepub.com/home/tam

	52.	 Pasello G, Zago G, Lunardi F, et al. Malignant 
pleural mesothelioma immune microenvironment 
and checkpoint expression: correlation with clinical-
pathological features and intratumor heterogeneity 
over time. Ann Oncol 2018; 29: 1258–1265.

	53.	 Valmary-Degano S, Colpart P, Villeneuve 
L, et al. Immunohistochemical evaluation of 
two antibodies against PD-L1 and prognostic 
significance of PD-L1 expression in epithelioid 
peritoneal malignant mesothelioma: a RENAPE 
study. Eur J Surg Oncol 2017; 43: 1915–1923.

	54.	 Freeman GJ, Long AJ, Iwai Y, et al. Engagement 
of the PD-1 immunoinhibitory receptor by 
a novel B7 family member leads to negative 
regulation of lymphocyte activation. J Exp Med 
2000; 192: 1027–1034.

	55.	 Kalim M, Khan MSI and Zhan JB. Programmed 
cell death ligand-1: a dynamic immune checkpoint 
in cancer therapy. Chem Biol Drug Des 2020; 95: 
552–566.

	56.	 Zeng Q, Liu Z and Liu T. Prognostic value and 
clinicopathological characteristics of PD-L1 
overexpression in non-Hodgkin lymphoma: a 
meta-analysis. BMC Cancer 2020; 20: 59.

	57.	 Yang J, Dong M, Shui Y, et al. A pooled analysis 
of the prognostic value of PD-L1 in melanoma: 
evidence from 1062 patients. Cancer Cell Int 2020; 
20: 96.

	58.	 Zhu L, Sun J, Wang L, et al. Prognostic and 
clinicopathological significance of PD-L1 in 
patients with bladder cancer: a meta-analysis. 
Front Pharmacol 2019; 10: 962.

Visit SAGE journals online 
journals.sagepub.com/
home/tam

SAGE journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam



