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Introduction

Ovarian cancer is the second most common cancer and 
the leading type of lethal gynecological cancer (1). Among 
ovarian cancer cases, about 90% of the cases are epithelial 

ovarian cancer (EOC). While the majority of patients 

are diagnosed at advanced stages, the 5-year survival rate 

for a diagnosis during the early-stage of the disease is 

approaching 90%. With the development of chemotherapy 
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and cytoreductive surgery, over 50% of these patients 
have gone into remission. Nonetheless, the majority of 
these cases would inevitably have chemotherapeutic drugs 
resistance, resulting in a recurrence (2). Currently, there 
is still a lack of reliable biomarkers for predicting the 
prognosis in the patients with ovarian cancer. Therefore, 
identifying the predictive biomarkers for the prognosis or a 
novel therapeutic strategy, is urgently needed in the clinical 
setting.

There is more and more evidence supporting the fact that 
ovarian cancer could also be regarded as an immunogenic 
ailment, just like other solid malignant cancers (3). The 
escape of a host immune surveillance system is critical for 
tumor progression (4). Among them, a programmed cell 
death ligand 1 (PD-L1) plays a major role in keeping the 
homeostasis in an immune response (5-10). Meanwhile, 
immunosuppressive cytokines which are released by tumor 
cells, such as the IL-10, TNFα and IFN-γ cells, could up-
regulate the expression of PD-L1 to avoid cytolysis by using 
the activated T cells (8-10). The binding of PD-L1 with 
its receptor, and the programmed death 1 (PD-1) on the T 
cells, leads to their apoptosis, and thereafter helps the tumor 
cells avoid an immune clearance (10). Preliminary data has 
shown that there is a promising response rate to the PD-1/
PD-L1 blockade drugs for the patients with advanced 
ovarian cancers and PD-L1 expression (11-14). Thus, a 
further understanding of the demographic features and 
their association with PD-L1 in the prognosis of patients 
with ovarian cancer is needed.

Several studies (15,16) have looked into the feasibility 
of using PD-L1 to serve as a prognosis-related specific 
biomarker for ovarian cancer. However, its prognostic 
role in ovarian cancer is still controversial. Therefore, this 
study performed an up-to-date meta-analysis to reveal 
the association between the PD-L1 expression and the 
demographic characteristics for the prognosis in patients 
with ovarian cancer.

Methods

Search strategy

A comprehensive publication searching method was 
conducted online via the Web of Science, EMBASE, 
Medline/PubMed, and the Cochrane Library databases 
from all dates until November 8th, 2017. The search terms 
used for finding the literature were, “programmed cell death 
ligand 1” or “PD-L1” and “ovarian cancer” and “outcome” 

or “prognosis” or “survival”. We also searched reference 
lists and conference abstracts to avoid missing data points 
during the retrieval process. Reference lists in identified 
articles were searched by hand. The current study was 
carried out under the guidelines of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses: the 
PRISMA Statement.

Selection criteria

The study inclusion criteria entailed the following: (I) 
ovarian cancer related studies; (II) pathologically confirmed; 
(III) PD-L1 expression was tested using tumor tissue, not 
by any other kinds of specimens or cell lines; and (IV) 
association of clinicopathological features, as well as the 
prognosis and PD-L1 being reported. The study exclusion 
criteria entailed the following: (I) papers published in non-
English; (II) letters, case reports or review articles; (III) 
repeated publication; (IV) non-human experiments; and (V) 
an unavailable survival curve, or insufficient data to generate 
a risk ratio.

Data extraction

Data extraction was performed independently by 2 different 
reviewers (BH Cheng, T Jiang). We used the Newcastle-Ottawa 
Scale (NOS) to assess the quality of the identified articles (17). 
Data tables were generated to extract all relevant data, such as 
texts, tables and figures, from the studies. These figures included 
the number of patients, publication year, authors, country, 
ethnicity, analysis procedure, testing assay, the cut-off, duration 
of follow-up, risk ratio, together with the rates of PD-L1 
positive expression. In the articles which provided only a Kaplan-
Meier curve instead of the survival data, we used software which 
had been developed by Sydes & Tierney to digitize and extract 
the risk ratio (RR) data together with its 95% CI (18). Any 
disagreement regarding a conflicting study was solved through a 
comprehensive discussion arrive at by consensus. If no consensus 
was achieved, the article was not included into the final analysis.

Statistical analysis

STATA Version 12.0 (Stata Corporation LP, College 
Station, TX, USA) was used to perform the statistical 
analyses. I2 tests and Chi-squared tests were adopted to 
evaluate the heterogeneity of the included studies. As for 
survival data, we directly extracted or used the previously 
published methods to calculate the hazard ratios (HRs) and 
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their 95% CIs from the included articles (18). Egger’s tests 
and a Begg’s funnel plot chart were used to evaluate the bias 
of publication. Progression-free survival (PFS) and overall 
survival (OS) were calculated using effect variables.

Results

Search results

A total of 457 publications were initially identified 
from using the above searching strategy. Among them,  
450 articles were excluded after we reviewed the titles 
together with their abstracts. This was due to duplicate 
records, non-ovarian cancer-related studies, incomplete data 
and non-original data (e.g., commentary, case report, review). 
Finally, 7 studies (15,16,19-23) were included into this meta-
analysis. All 7 studies comprehensively evaluated PD-L1 
expression and provided survival information (Figure 1).

Study characteristics and PD-L1 expression testing methods

The characteristics of the 7 included studies are shown in Table 
1 (15,16,19-23). The publication years were from 2007 to 2017. 
Among them, 3 studies were conducted in China, and the other 
4 were conducted in Canada, Germany, Japan and Austria. The 
included number of patients ranged from 19 to 195. The quality 
assessment results showed a mean of 7 with a variation from 5 
to 8, suggesting that these included studies were good quality 

. The enrolled patients had diseases from stages I to IV. The 
clinicopathological features including FIGO stage were reported 
in 7 studies, while the median age was reported in 5 studies (Table 
1). All of the included patients did not receive previous neo-
adjuvant chemotherapy or radiotherapy before surgery. PD-L1  
expression was evaluated on tumor tissue using the tissue 
immunochemistry staining (IHC) method. Six different kinds of 
assays were utilized for PD-L1 staining and among them were 
7 studies which included 27A2, ab205921, EPR1161[2], SP142, 
E1L3N and SP263. The cut-off values to determine a positive 
relationship were not the same in the used assays (Table 1).

PD-L1 expression in ovarian cancer

The incidence rate of the PD-L1 positive expressions ranged 
from 16% to 86% (Figure 2). This meta-analysis showed a 
46% (increase/decrease) of PD-L1 positive expression (95% 
CI, 0.28–0.65) by using a random-effects model with a high 
heterogeneity between the studies extracted (I2=97.9%; 
P<0.001). The meta-analysis of the HR rate for PFS/DFS 
and the OS/disease specific survival (DSS) rate for the ovarian 
cancer patients which depend on PD-L1 expression status, 
is shown in Figure 3. We further conducted a subgroup 
analysis according to ethnicity and histological type. We 
found the incidence rate of PD-L1 positive expression 
in the East Asian group was similar when compared with 
the Caucasian group (47% vs. 70%; P>0.05) (Figure 4).  
However, the incidence rate of PD-L1 positive expression 

Figure 1 Flow chart of the search strategy used for selection of eligible studies.

Publications screened through  
online searching (n=436)

Additional records through other 
sources (n=21)

Duplicate records (n=45)

Record excluded (n=295)
	After reading title (n=101)
	After reading abstract (n=194)

Record excluded (n=110)
	Review/comment etc. (n=73)
	Duplication publication (n=2)
	Incomplete data (n=21)
	Not related (n=14)

Records after duplicate 
removed and screened (n=412)

Full-text assessment for 
eligibility (n=117)

Studies included in the meta-
analysis (n=7)
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in a high-grade serous ovarian carcinoma (HGSOC) 
was significantly higher than the less common ovarian 
histopathology (LOCH) (58% vs. 38%, P<0.05) (Figure 5A,B).

Association between PD-L1 expression and survival 

All of the included studies had investigated the predictive 
role of PD-L1 expression and the overall survival rate of 
the patients with ovarian cancer. As shown in Figure 3, the 
pooled analysis suggests that a positive PD-L1 expression is 
significantly associated with a reduced mortality risk in the 
patients with ovarian cancer by using the random-effects model 
(HR =0.63; 95% CI, 0.41–0.84, P<0.001). The heterogeneity 
among studies is intermediate (I2=43.5%, P=0.101) (Figure 3A). 
As for PFS, 3 of the studies have provided the details needed, 
and were included into this analysis. The result revealed that 
a higher PD-L1 expression was not significantly associated 
with longer PFS (HR =1.36; 95% CI, −0.06 to 2.78, P>0.05) in 
patients of ovarian cancer. However, the heterogeneity among 
studies is high (I2=56.2%, P=0.058) (Figure 3B). We also 
performed a sub-analysis in regards to the distinct ethnicity 
and histological types. As we previously mentioned, 4 of the 
studies had enrolled primarily East-Asian patients and the 
3 other studies enrolled primarily Caucasian patients. The 
pooled results found that a positive PD-L1 expression was 
significantly associated with OS in Caucasians (HR =0.54; 
95% CI, 0.31–0.76, P<0.001) (Figure 4C), while this was 
not the case in the East-Asian group (HR =1.48; 95% CI,  
0.79–2.17, P>0.05) (Figure 4D). As for the distinct 
histopathology, a positive PD-L1 expression was associated 

with a better OS rate (HR =0.66; 95% CI, 0.26–1.05, P=0.059) 
(Figure 5C) in patients with HGSOC, whereas patients with a 
LOCH PD-L1 expression had a significantly worse OS rate 
(HR =3.31; 95% CI, 1.01–5.62, P<0.001) (Figure 5D). 

Publication bias 

Publication bias was assessed by using an Egger’s tests and 
a Begg’s funnel plot test, and was only looked at during the 
analysis stages of the HR of the high PD-L1 expression on 
OS rate (P<0.05 for Egger’s test). Further analyses showed 
that the Begg’s funnel plot was symmetric and Egger’s tests 
suggested that there was no obvious publication bias in the 
current study (Figure 6).

Discussion 

Immunotherapy that targets the PD-1/PD-L1 checkpoint 
has changed the medical landscape for several different 
kinds of solid tumors like non-small cell lung cancer, 
lymphoma, urothelial cancer, renal cell cancer, and 
melanoma (24-29). Biomarker analysis further indicated 
that the efficacy was superior in patients with a positive 
PD-L1 expression (29); therefore, PD-L1 expression was 
regarded as an accompanying diagnostic biomarker, and 
it was recommended that patients undergo a detection 
process before immunotherapy treatment. As for ovarian 
cancer, recent phase I studies also found that anti-PD-1/
PD-L1 based immunotherapy showed promising results in 
patients with PD-L1 expressed ovarian cancer (12-14). Thus, 

Figure 2 Meta-analysis of the incidence of PD-L1 positive expression in patients with ovarian cancer. PD-L1, programmed cell death ligand 1.

(I)

(IV)

(III)

(II)

(I)
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identifying the role that PD-L1 expression plays is important 
for the patients with ovarian cancer in the near future.

As far as we know, this meta-analysis is the first one to 
comprehensively analyze the clinicopathological features, 
together with the prognostic roles of PD-L1 in the patients 
with ovarian cancer. We included 7 studies with a total 
of 1,002 patients with ovarian cancer. We found a PD-
L1 positively expressed incidence rate of 46%, which is 
similar to the other kinds of malignant cancers (24,29) and 
this shows again, that PD-L1 might play an important role 
in the immune escape in ovarian cancer (5-10). Unlike the 
discrepancy of the EGFR mutation in different ethnicities 
(30,31), we found the incidence of PD-L1 expression had 
comparable results between the East Asian group and the 

Caucasian group. Importantly, we found that the rate of 
PD-L1 expression in HGSOC was significantly higher 
than in LOCH, which suggests that ovarian cancer should 
be divided into different subgroups in the era of different 
types of immunotherapy options (32). Among the included 
7 studies, 5 of the PD-L1 testing assays were utilized, and 
the cut-off was not consistent (15,16,19-23), which might 
result in some bias to our findings. However, we know that 
in current practice different pharmaceutical companies use 
their unique assays for the accompanying type of PD-L1 
expression detection method. Meanwhile, several studies 
have compared these different assays and found the results 
from most of the different assays to be consistent (33-36),  
which suggests it might be reasonable and feasible to perform 

Figure 3 Meta-analysis of the HR for PFS/DFS and OS/DSS for ovarian cancer patients depending on PD-L1 expression status. (A) OS for 
ovarian cancer patients, random effects model; (B) PFS/DFS for ovarian cancer patients, fixed effects model. PD-L1, programmed cell death 
ligand 1; OS, overall survival; DSS, disease specific survival; HR, hazard ratio; PFS, progression-free survival; DFS, disease free survival.

B

A

(I)

(III)

(III)

(II)
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Figure 4 Subgroup analysis based on distinct ethnicity. (A) meta-analysis of the incidence of PD-L1 positive expression in East-Asian 
patients; (B) meta-analysis of the incidence of PD-L1 positive expression in Caucasian patients; (C) meta-analysis of the HR for OS/DSS for 
ovarian cancer patients from the East-Asian cohort; (D) meta-analysis of the HR for OS/DSS for ovarian cancer patients from the Caucasian 
cohort. PD-L1, programmed cell death ligand 1; OS, overall survival; DSS, disease specific survival; HR, hazard ratio.

A

B

C

D

(I)

(I)
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Figure 5 Subgroup analysis based on different histopathology. (A) Meta-analysis of the incidence of PD-L1 positive expression in patients 
with HGSOC; (B) meta-analysis of the incidence of PD-L1 positive expression in patients with LOCH; (C) meta-analysis of the HR for 
OS/DSS for patients with HGSOC; (D) meta-analysis of the HR for OS/DSS for patients with LOCH. LOCH, less common ovarian 
histopathology; HGSOC, high-grade serous ovarian carcinoma; PD-L1, programmed cell death ligand 1; OS, overall survival; DSS, disease 
specific survival; HR, hazard ratio.
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B
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D
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this meta-analysis by using different PD-L1 testing assays. 
The interaction of the PD-1 and PD-L1 pathways is the 

main mechanism by which cancer cells escape immunological 
surveillance (5-8). Several studies have investigated the 
prognostic role of PD-L1 expression and found it could predict 
a worse OS rate in renal cancer, non-small cell lung cancer, 
and pancreatic ductal adenocarcinoma (37-40), while it showed 
a reversed effect in the patients with triple-negative breast 
cancer (41). Similarly, in patients with ovarian cancer, several 
studies have suggested that PD-L1 expression was correlated 
to a worse OS rate and PFS (15,16,22), while some others did 
not (19-21,23). In the current study, we found that PD-L1  
positive expression was associated with a better OS rate 
together with a longer PFS in the patients with ovarian cancer. 
Meanwhile, we observed significant heterogeneity which could 
not be eliminated even after using the random-effects model. 
Therefore, we further performed a subgroup analysis in regards 
to the ethnicity and histological types, and have found the 
diagnostic role of PD-L1 expression to have been consistent 
between the Asian population and the Caucasian population. 
More importantly, we found that the prognosis-predictive role 
of the PD-L1 expression was contrary between HGSOC and 
LOCH (42-44), which might be due to the different formation 
or genomic alteration in these histological subtypes. Our 
findings may strengthen the role of PD-L1 in predicting the 
survival chance for the patients with ovarian cancer. 

Recently,  several phase I–II clinical trials have 
investigated the efficacy of the PD-1/PD-L1 blockade and 
have shown promising results for the patients with ovarian 
cancer (12-14). Hamanishi et al. explored the activity of 

nivolumab in the patients of a platinum-resistant EOC, 
and the study revealed a partial response of 20% and a 
stable disease rate of 26% in the 15 enrolled patients (12).  
Similarly, in a phase IB clinical trial, the Keynote 028 study 
found there to be a 23.1% (6/26) reduction in tumor size, 
which suggested that pembrolizumab had an antitumor 
effect for the patients with PD-L1 expression positive 
ovarian cancer (13). Moreover, avelumab achieved an 
objective response rate of 9.7% together with a disease 
control rate of 54.0% in the 124 patients of a refractory or a 
recurrent EOC, and further analysis found that the response 
rate was significantly higher in the PD-L1 expressed 
positive patients than those of the negative group (14). 
Besides this research, several other clinical trials, including 
a combinational strategy, need to be undertaken to further 
validate the efficacy of anti-PD-1/PD-L1 monotherapy in 
ovarian cancer (45). Thus, our findings might be helpful to 
guide the PD-1/PD-L1 blockade immunotherapy process 
in ovarian cancer patients in the near future.

There are several other limitations which need to 
be mentioned in this study. First, the studies meeting 
the criteria which were included into this analysis were 
relatively small, and several of them were retrospective. 
There was also publication bias, which was inevitable. 
Several abstracts were identified but without detailed 
further information. We tried our best to obtain the primary 
data by contacting the authors but received no response. 
Therefore, we did not include the abstract publications 
when we performed this analysis. Second, the quality of  
7 included studies had a heterogeneous feature, since several 
pieces of the important clinic-pathological information were 
not consistently reported. Third, 6 different staining assays 
(27A2, EPR1161, SP142, E1L3N, Ab205921, and SP263) 
and different cut-off values were used in the 7 selected 
studies to test PD-L1 expression. In addition to this, there 
were different pathologist interpretations, and the different 
patient populations might result in a heterogeneity in the 
PD-L1 expression rate here. However, previous studies have 
shown that there is a high degree of consistency among the 3 
assays (SP142, E1L3N, and SP263) used in this meta-analysis 
(33,35). Thus, our analysis still needs to be further validated 
by a large scale data test with prospective evidence. 

In conclusion, this meta-analysis indicated that the  
PD-L1 expression had a positive correlation in the group of 
patients with ovarian cancer, with PD-L1 expression being 
a predictive biomarker to both PFS and OS, which suggests 
that PD-1/PD-L1 might be a relatively encouraging 
targeted marker for ovarian cancer in the near future.

Figure 6 Funnel plot for assessing publication bias in select 
studies. HR, hazard ratio; OS, overall survival; SE, standard error.
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