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Abstract: The overexpression of programmed cell death-ligand 1(PD-L1) has been observed in 

gastric cancer (GC). However, whether the expression of PD-L1 in tumor cells or blood serum 

is associated with the prognosis of patients with GC remains unclear. Therefore, we performed 

a meta-analysis to evaluate the prognostic significance of PD-L1 expression in GC. Electronic 

databases were searched systematically. Studies that met the inclusion criteria were included in 

the meta-analysis. Data concerning the hazard ratio (HR) for overall survival and disease-free 

survival with a 95% confidence interval (CI) according to the expression status of PD-L1 evalu-

ated by immunohistochemistry or enzyme-linked immunosorbent assay were extracted. The data 

were analyzed using a random effects model. Subgroup analyses were proposed. Our results 

showed that eight studies with 950 patients met the inclusion criteria and were included in the 

meta-analysis. The pooled HR for overall survival indicated that patients with PD-L1-positive 

expression had significantly shorter survival time compared with the PD-L1-negative group 

(HR 1.60, 95% CI 1.09–2.36, P=0.012). The pooled HR for disease-free survival demonstrated 

that the difference between the two groups was not statistically significant (HR 1.02, 95% 

CI 0.32–3.20, P=0.98). In conclusion, our results indicate that the evaluation of PD-L1 overex-

pression in GC tissue or blood serum may be useful in the future as a novel prognostic factor.
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Introduction
Gastric cancer (GC) is ranked fifth and second in terms of incidence and mortality, 

respectively, among cancers worldwide. In general, the incidence rates are highest in 

Eastern Asia, particularly in Korea, Mongolia, Japan, and the People’s Republic of 

China.1,2 Although significant changes in multidisciplinary therapies have improved 

treatment outcomes, the overall prognosis for patients with GC remains poor, espe-

cially in advanced stages.3

The hallmark of evading immune surveillance is one of the biological capabilities 

acquired during cancer development. An improved understanding of the molecular 

mechanisms that govern the host response to tumors has led to the identification of 

checkpoint signaling pathways that limit the anticancer immune response.4 Despite the 

complexity of cancer immunoediting,5 growing evidence suggests that co-inhibitory 

receptors, such as cytotoxic T lymphocyte-associated antigen-4 and programmed cell 

death-ligand 1 (PD-L1), play a crucial role in cancer immunoediting, especially in the 

equilibrium and escape stages.6 Recently, immunotherapeutic agents targeting immuno-

suppressive proteins, such as cytotoxic T lymphocyte-associated antigen-4, PD-L1, and 

killer cell immunoglobulin-like receptor, have been investigated as potential treatments 
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for cancer.7 Among these immunotherapeutic agents, an 

anti-PD-L1 antibody has shown promising clinical efficacy 

against melanoma and several other cancer types.8,9

However, whether the expression of PD-L1 on tumor 

cells is associated with the prognosis of GC remains 

unclear. Several recent reports have demonstrated that 

PD-L1 expression on tumor cells was correlated with poor 

prognosis;10–15 however, not all reports agree with this 

phenomenon.16,17 Therefore, we performed a meta-analysis 

of data by incorporating all available evidence to evaluate 

the overall survival (OS) and disease-free survival (DFS) 

according to levels of PD-L1 in patients with GC with 

the goal of shedding more light on the development of 

PD-L1 immune checkpoint-targeted therapy and prognostic 

prediction in patients with GC.

Materials and methods
search strategy
Two investigators (Y-XL and X-SW) independently per-

formed a systematic search from inception to February 

2016 in PubMed, Embase, the Cochrane Library database, 

Web of Science, China Biomedical Literature Database, 

and China National Knowledge Infrastructure. The searches 

were limited to human studies published in either English 

or Chinese. The keywords were PD-L1, CD274, B7-H1, 

programmed cell death ligand 1, stomach neoplasms, GC, 

gastric neoplasm, and stomach cancer.

inclusion and exclusion criteria
Eligible studies had to meet the following inclusion criteria: 

1) all reported the prognostic value of PD-L1 status for 

survival in patients with GC; 2) the expression level of 

PD-L1 was tested by immunohistochemistry (IHC) staining 

or enzyme-linked immunosorbent assay on the tumor tissue 

specimens and blood serum; 3) the primary outcome data or 

survival curves were available. Studies that failed to meet 

the inclusion criteria were excluded.

Outcomes measures, data extraction, 
and quality assessment
Two investigators (Y-XL and X-SW) extracted the data 

independently, using a prepared information form. Any 

disagreement was discussed and resolved by consensus in a 

meeting with a third investigator. The following data were 

extracted from the included studies: authors, publication 

year, number of patients, sample source, evaluation method, 

cutoff value for PD-L1 positivity, primary antibody, and 

patient survival results of OS and DFS. If data from any of 

the earlier categories were not reported in the primary study, 

items were treated as “not available”. We did not contact the 

authors of the primary study to request the information. All 

the analyses were based on previously published studies, thus 

no ethical approval or patient consent was required.

statistical analysis
Meta-analysis was performed by Cochrane RevMan 5.3.0 

(the Cochrane Collaboration, Copenhagen, Denmark). The 

hazard ratios (HRs) for OS with 95% confidence intervals 

(CIs) according to the expression status of PD-L1 were 

pooled. For the quantitative aggregation of the survival 

results, HRs and their 95% CIs were combined to give the 

effective value, or to estimate the HR from the available 

data or Kaplan–Meier curves using the methods reported by 

Tierney et al.18 Statistical heterogeneity was assessed using 

the Cochran’s Q and I2 statistics. Heterogeneity was consid-

ered statistically significant when the P-value was ,0.05 or 

I2 was .50%. If significant heterogeneity existed, the data 

were analyzed using a random effects model.19 A funnel plot 

was used to assess the potential publication bias.

Results
study selection and characteristics
A total of 279 articles related to the analysis were identified 

initially from the literature and subjected to the selection 

process (Figure 1). Through reading titles, 271 of those were 

excluded due to nonrelated and duplicate studies. Then, we 

carefully read the full text of the remaining studies and only 

eight studies with 950 patients met the inclusion criteria and 

were included in the meta-analysis.10–17

Table 1 summarizes the characteristics of the studies 

involved in the meta-analysis. Based on an Asian population, 

Figure 1 Flow diagram of literature search and study selection.
Abbreviations: CBLD, China Biomedical Literature Database; CKNI, China 
National Knowledge Infrastructure.
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the eight studies eventually included five from People’s 

Republic of China,11–13,15,17 two from Japan,10,14 and one from 

Korea.16 A primary anti-PD-L1 antibody raised in mouse 

was used in three studies, and four studies used an antibody 

raised in rabbit. Three studies used a polyclonal antibody, 

and four studies used a monoclonal antibody. Only one study 

did not report the clone of the PD-L1 antibody. The cutoff 

value for PD-L1 overexpression depended on the basis of the 

percentage of stained cells and the method used.

Meta-analysis results
A total of eight studies reported the outcome of OS, and 

950 patients were included in the analysis.10–17 The pooled HR 

for OS indicated that patients with PD-L1-positive expression 

had significantly shorter survival time compared with the PD-

L1-negative group (HR 1.60, 95% CI 1.09–2.36, P=0.012; 

Figure 2). Only two studies reported the outcome of DFS.10,16 

The pooled HR for DFS demonstrated that the difference 

between the two groups was not statistically significant (HR 

1.02, 95% CI 0.32–3.20, P=0.98; Figure 3). A random effects 

model was used because significant heterogeneity was found 

between the trials (I2.50%).

subgroup analysis and sensitivity analysis
There was significant heterogeneity among the stud-

ies (I2=63%), so we conducted subgroup meta-analysis 

to explore whether the heterogeneity was due to dif-

ferent antibody source, type, or methods. As shown in 

Table 2, a significantly superior OS was observed in the 

PD-L1-negative group when mouse antibodies were used as 

primary anti-PD-L1 antibodies (HR 1.85, 95% CI 1.38–2.47, 

P,0.0001). However, with respect to the rabbit antibodies, 

the difference in survival between the groups was not sig-

nificant (HR 1.38, 95% CI 0.66–2.90, P=0.39). Moreover, 

all PD-L1-negative patients presented significantly longer 

OS when using monoclonal antibodies (HR 1.87, 95% CI 

1.41–2.47, P,0.0001). However, the use of a polyclonal 

antibody (HR 1.26, 95% CI 0.54–2.94, P=0.60) indicated no 

significant difference in survival between the two trials. As 

for methods, when using the IHC method, the combined OS 

presented an adverse prognostic effect of PD-L1 expression 

(HR 1.63, 95% CI 1.06–2.50, P=0.02). We were not able 

to evaluate the prognostic value of PD-L1 by the enzyme-

linked immunosorbent assay method in the subgroup analysis 

due to a lack of data.

Publication bias
A funnel plot of every two groups being compared was 

applied with HR as the x-axis and standard error (SE) T
ab
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(logHR) as the y-axis. As shown in Figure 4, the plot was 

symmetric, suggesting that the publication bias was small.

Discussion
A number of studies demonstrated that PD-L1 plays a 

key role in cancer immune escape.20–22 T-cell receptors of 

tumor-infiltrating lymphocytes recognize tumor-specific 

antigens when the antigens are presented by the major 

histocompatibility complex on cancer cells. Immune escape 

involves a loss of cancer antigens, a lack of T cells or anti-

bodies, exhausted T cells, exhausted regulatory T cells, etc. 

Cancer cells can express PD-L1 to inhibit T cell-mediated 

antitumor immunity in response to a normal immune 

attack.22,23 Alternatively, PD-L1 expression on tumor cells 

could lead to tumor cell immune evasion by inducing apop-

tosis of specific CD8+ cytolytic T cells. Some studies have 

demonstrated that the expression of PD-L1 on mouse P815 

tumors increased the apoptosis of activated tumor-reactive 

T cells and promoted the growth of tumors in vivo.21

In our study, we have combined eight published studies 

with 950 patients for meta-analysis, which indicated that GC 

patients with positive expression of PD-L1 had significantly 

poorer OS than those with negative expression. However, 

PD-L1 overexpression was not associated with DFS of 

patients with GC. There are several possible explanations 

for this consequence. First, some studies have demonstrated 

that once PD-L1 is activated, cancer cells can evade immune 

response and continue to proliferate, and this fact can explain 

why patients with PD-L1 overexpression have poorer OS.21 

Second, the numbers of the studies that reported DFS are too 

small and the relatively short period of DFS of patients with 

GC may affect our results.

We conducted subgroup analysis to explore the rela-

tionship between PD-L1 positivity and negativity for OS 

according to resources and the types of antibodies. We found 

that mouse antibodies and monoclonal antibodies were 

strongly correlated with the prognostic value of PD-L1. 

No heterogeneity was found in the subgroup analysis of 

either group (I2=0). However, there was not a statistically 

significant difference when using the rabbit antibodies 

(I2=59%) or the polyclonal antibodies (I2=61%) as the pri-

mary anti-PD-L1 antibody. However, controversial results 

were reported by relevant studies.10,11 The most likely reason 

is that antibodies cross-react with other proteins or that the 

numbers of the studies and patients included are relatively 

small. The pooled OS presented an unfavorable prognosis 

for patients with PD-L1 overexpression using the IHC 

method. Considering the consistent trends in all the sub-

groups with regard to methods and antibodies, a lack of 

uniform methods and criteria should not be a barrier to 

Figure 2 Overall response rate of programmed cell death-ligand 1-positive versus-negative cases in patients with gastric cancer.
Notes: The summary HR and 95% CIs are also shown (according to the random effect estimations). Weights are from random effects analysis.
Abbreviations: CI, confidence interval; HR, hazard ratio; SE, standard error; IV, inverse variance.

τ χ

Figure 3 Progression-free survival of PD-L1-positive versus-negative cases in patients with gastric cancer.
Notes: The summary HR and 95% CIs are also shown (according to the random effect estimations). Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; HR, hazard ratio; PD-L1, programmed cell death-ligand 1; SE, standard error; IV, inverse variance.

τ χ
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a pooled analysis to illustrate the prognostic significance 

of PD-L1 in GC.

We were the first to perform a meta-analysis on the 

association of the expression of PD-L1 and the prognosis of 

patients with GC. However, several limitations existed. 1) All 

the studies are based on an Asian population, including five 

from People’s Republic of China, two from Japan, and one 

from Korea. There are significant differences, such as etiology, 

biology features, clinical types, and prognosis, in the risk of 

GC in different ethnic groups within a given geographical 

area. Due to a lack of statistics on the Western population, we 

cannot assess the prognosis of PD-L1 overexpression in West-

ern patients. 2) Another potential source of bias is related to 

the method of HR and 95% CI extrapolation. If these statistics 

were not reported by the authors, we calculated them from the 

data available or extrapolated them from the survival curves. 

It is possible that initial data errors occurred. In the future, 

large, well-designed prospective cohort studies with better 

exposure assessment are warranted to confirm the findings 

from our study and provide a higher level of evidence.

Regardless of the aforementioned limitations, our sys-

tematic review provides the best possible estimate of the cor-

relation between the overexpression and clinical significance 

of PD-L1 in GC. Recently, several studies demonstrated that 

therapies targeting PD-L1 display clinical responses in patients 

with several cancer types, but the results for GC were unclear.8,9 

Our results imply that further study is needed to clarify the dif-

ferent prognostic and therapeutic prediction values of PD-L1 

expression for GC in tumor tissue and blood serum.

Conclusion
In conclusion, our results indicate that the evaluation of 

PD-L1 overexpression in GC tissue or blood serum may be 

useful in the future as a novel prognostic factor. Neverthe-

less, because the number of included trials was small, well-

designed, multicenter randomized controlled trials should 

be performed.
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