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Introduction

Gastroesophageal cancer is the top ten leading cause of 
cancer-related death worldwide (1,2). Surgery significantly 
improved the survival of the patients with early-stage 
disease. However, the treatments for patients with 
locally advanced or metastatic disease are far away from  

satisfying (3). Recently, the success of several immune check 
inhibitors (ICIs) brought the treatments of cancer into the 
immunotherapy era (4). Immune checkpoint inhibitors 
(ICIs) target the key regulators who can help the tumor cells 
escape from the immune attack so that it could enhance the 
cytotoxic activity of immune cells against the tumor cells 
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(5,6). Among the regulators, the program-death 1 (PD-
1) and program death legend 1 (PD-L1) are being widely 
investigated (7). The FDA has approved two kinds of anti-
PD-1 antibodies (nivolumab and pembrolizumab) and three 
types of anti-PD-L1 antibodies (avelumab, atezolizumab, 
and durvalumab) for the treatment of several cancers (8).

Several phase three clinical trials have proved the safety 
and efficacy of anti-PD-1/anti-PD-L1 therapy in advanced 
gastroesophageal cancer (9-11). However, a meta-analysis 
of published clinical trials showed that the overall objective 
response rate (ORR) in gastroesophageal cancer patients 
who received anti-PD-1/anti-PD-L1 therapy was only  
10% (8). This ratio reveals that it is imperative to identify 
reliable predictors to help the clinicians screen out the 
patients who are more likely to benefit from the therapy. 

The previously published meta-analyses have indicated 
that gender, PD-L1 expression level, and high microsatellite 
instability are associated with the efficacy of the ICIs (12,13). 
However, these conclusions are based on the comparison 
between the patients who received ICIs, and the patients 
received chemotherapy. The accurate predictors should 
not come from such comparisons. What is more, anti-
PD-1/PD-L1 therapy and anti-CTLA-4 therapy were 
pooled together in these meta-analyses. It is not scientific 
and reliable. So we conducted this meta-analysis in which 
only the patients received anti-PD-1/PD-L1 therapy would 
be included, and all comparisons were made among these 
patients. Therefore, we can identify the factors with which 
the gastroesophageal cancer patients would be more likely 
to benefit from the anti-PD-1 or anti-PD-L1 therapy 
scientifically. We present the following article in accordance 
with the PRISMA Reporting Checklist (available at http://
dx.doi.org/10.21037/apm-19-430a).

Methods

The study was carried out according to the Cochrane 
handbook for systemic reviews of intervention, and the 
results were reported following the Preferred Reporting 
Items for Systemic Reviews and Meta-Analyses (PRISMA) 
guideline (14). The study protocol was registered with 
PROSPERO.

Systematic research of the potential ly relevant 
publications was performed in the online database of 
Pubmed, Medline, EMBASE, and Cochrane Central 
Register of controlled trials on 21st July 2019. The 
searching strategy was consisted of following terms: 
(immune checkpoint inhibitor OR ICI OR immunotherapy 

OR PD-1 OR PD-L1 OR Nivolumab OR Pembrolizumab 
OR Avelumab OR Atezolizumab OR Durvalumab OR 
Tremelimumab OR Relatlimab) AND (esophageal OR 
esophagus OR oesophageal OR oesophagus OR gastric 
OR stomach OR gastroesophageal OR gastro-oesophageal 
OR GEJ OR esophagogastric OR EGJ) AND (cancer OR 
carcinoma OR neoplasm OR tumor OR tumour). 

Inclusion and exclusion criteria 

Inclusion criteria: (I) patients received anti-PD-1 or anti-
PD-L1 therapy in the study. (II) The study focused on 
patients with esophageal, gastroesophageal, or gastric 
cancer. (III) The study compared the short-term or long-
term outcomes of the immunotherapy according to the 
patients’ characteristics.

Exclusion criteria: (I) The study design is not a clinical 
trial. (II) Following publication types: review, meta-analysis, 
case report, study protocol, conference abstract, letter, 
and reply. (III) When duplicate data occurred, the study 
enrolled more patients would be included.

Study screening and data extraction

The primary screening was done by reading the titles and 
abstracts of the studies. Most of the irrelevant studies were 
excluded in this step. Then, the second round screening was 
performed by reading the full texts of the left, potentially 
relevant studies. After that, we started to extract relevant 
data to finally confirm the studies which could be included 
in this meta-analysis. The following baseline characteristics 
data of the studies were collected: name of the first 
author, publication year, trial code and phase, treatment 
strategy, the number of participants. The major outcomes 
including the objective response rate (ORR), disease control 
rate (DSR), overall survival (OS) and progression-free 
survival (PFS) were collected according to the patients’ 
characteristics such as gender, age, and PD-L1 expression 
level. 

All the work above was accomplished by two authors 
(Zhuo and Deng) independently and then checked with 
each other. Disagreements were resolved by discussing it 
with another author (Lin).

Quality assessment 

The Cochrane Collaboration’s tool published in the 
Cochrane Handbook (version 5.3) which contained seven 
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items was used to evaluate the quality of phase three 
randomized clinical trials while the Methodological Index 
for Non-randomized Studies (MINORS) (15) was used to 
assess the quality of phase 1 or phase 2 clinical trials.

Statistical analysis

The Review Manager Version 5.3 and STATA Version 12.0 
software (Stata Corporation, College Station, TX, USA) 
were used to perform the data analysis. Odds ratio (OR) was 
used in the comparison of dichotomous data. We used I2 as 
an indicator of heterogeneity. I2 <25%, 25% ≤ I2 <50% and 
I2 ≥50% indicated low ,moderate and high heterogeneity. 
When high heterogeneity was detected, a random-effects 
model was adopted; otherwise, a fixed-effects model was 
adopted. Begg’s and Egger’s tests were used to detect 
publication bias. A P value of less than 0.05 was considered 
to be statistically significant.

Results

A total of 2,669 records were identified through the online 

database searching. The procedures of study screening were 
showed in Figure 1. After the removal of 655 duplicated 
records, two thousand and fourteen records entered the first 
round screening. Then, by reading the titles and abstracts, 
1,404 records were excluded for unfavorable publication 
types (reviews, meta-analyses, conference abstracts, study 
protocols, case reports, and comments). One hundred and 
forty-four records focused on other diseases were also 
excluded. Another 404 records did not prescribe the anti-
PD-1/anti-PD-L1 therapy to the participants who were 
excluded as well. Twenty-six animal or in vitro studies were 
also removed. After that, thirty-six records entered the third 
round screening. By reading the full texts, one protocol, 
four studies enrolled several kinds of cancers, and eight 
conference abstracts were further excluded. 

Twenty-three studies entered data extraction. Two 
studies were excluded for duplicate data, and three studies 
with no related outcomes for this meta-analysis were also 
removed. Finally, eighteen studies from seventeen clinical 
trials were included in the final analysis. 

Table 1 showed the baseline characteristics of the 
included studies. Three of them were phase three 

Records identified through 

database searching

(n=2,669)

2014 records were screened by 

reading titles and abstracts

36 records were further assessed 

by reading full texts

23 studies enter the data 

extraction

3 studies were excluded for 

irrelevant data

2 studies were excluded for 

duplicated patients

18 studies were included

Unfavorable publication types: 805 

reviews, 390 conference abstracts, 42 

meta-analyses, 146 study protocols, 

15 case reports, 6 comments 

Many kinds of cancer: 4

Conference abstract: 8

Study protocol: 1

Unfavorable diseases: 144 records

Unfavorable interventions: 404 records

Animal or in vitro studies: 26 records

655 duplicates removed

Figure 1 Flow diagram displays the screening procedures of included clinical trials.
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randomized clinical trials (9-11) while the others were phase 
1 or phase 2 clinical trials (16-30). The quality assessment of 
the enrolled studies was available in the appendix (Table S1 
and Table S2). One thousand and nine hundred ninety-eight 
patients with advanced gastroesophageal cancer receiving 
anti-PD-1 or anti-PD-L-1 therapy were enrolled totally. 
Five anti-PD-1 or anti-PD-L-1 antibodies (pembrolizumab, 
nivolumab, camrelizumab, avelumab, toripalimab) were 
used in these trials. 

Predictors of anti-PD-1/anti-PD-L1 therapy response

The patients who achieved a complete response (CR) 
or partial response (PR) rate were defined as having an 
objective response to the therapy, and those achieved 
CR, PR, and stable disease (SD) were defined as having a 
disease control. Fourteen studies compared the objective 
response rate (ORR) of the anti-PD-1/anti-PD-L1 therapy 
between PD-L1 positive and PD-L1 negative patients. The 
overall ORR in PD-L1 positive patients was 19.5%, while 
it was 10.2% in PD-L1 negative patients. Furthermore, 
the difference reached statistically significant in the 
pooled analysis (OR =3.39, 95% CI: 2.30, 4.99, P<0.001,  
Figure 2A). The results remain the same in the subgroup 
analysis of anti-PD-1 therapy and anti-PD-L1 therapy 
(Figure 2A). Nine studies reported the disease control rate 
(DCR) between the PD-L1 positive and negative patients, 
and all the nine studies were about anti-PD-1 therapy. 
The analysis also showed the PD-L1 positive patients were 
more likely to have a disease control after the treatment 
(OR =1.87, 95% CI: 1.35, 2.59, P<0.001, Figure 2B). 
The DCR was 44.7% and 32.1% in PD-L1 positive and 
negative patients, respectively. Six studies conducted a 
comparison between patients with MSI-H (microsatellite 
instability high) and those with MSI-N (microsatellite 
instability normal). And all the patients enrolled were 
with adenocarcinoma. The overall ORR in patients with 
MSI-H was 54.8% while it was 10.8% in MSI-N patients 
(OR =9.82, 95% CI: 4.98, 19.36, P<0.001, Figure 3A). 
The DCR was also significantly higher in the MSI-H 
patients (74.0% versus 36.1%, P=0.001, Figure 3B). Five 
studies conducted the comparison of the anti-PD-1/anti-
PD-L1 therapy response between patients with an ECOG 
performance status of zero and one. The pooled analysis 
indicated a statistically significant higher ORR in patients 
with an ECOG performance status of zero (OR =2.13, 
95% CI: 1.30, 3.48, P=0.003, Figure 4). Only two studies 
reported the DCR in patients with ECOG performance 
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Figure 2 The comparison of objective response rate (ORR) and disease control rate (DCR) of the anti-PD-1/anti-PD-L1 therapy between 
PD-L1 positive and PD-L1 negative patients. (A) The comparison of the ORR. The PD-L1 positive patients had a statistically significant 
higher ORR than the PD-L1 negative patients (19.5% versus 10.2%, OR =3.39, 95% CI: 2.30, 4.99, P<0.001). The subgroup analysis, 
according to the drug, indicated both the anti-PD-1 and anti-PD-L1 therapy were more effective in PD-L1 positive patients. (B) The 
comparison of DCR of anti-PD-1 therapy. The PD-L1 positive patients had a statistically significant higher ORR than the PD-L1 negative 
patients (44.7% versus 32.1%, OR =1.87, 95% CI: 1.35, 2.59, P<0.001). All the studies enrolled in this analysis prescribed anti-PD-1 therapy 
to the patients.
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Figure 3 The comparison of objective response rate (ORR) and disease control rate (DCR) of the anti-PD-1/anti-PD-L1 therapy between 
microsatellite instability-high (MSI-H) and microsatellite instability normal (MSI-N) patients. (A) Comparison of ORR. The MSI-H 
patients had a statistically significant higher ORR than the MSI-N patients (54.8% versus 10.8%, OR =9.82, 95% CI: 4.98, 19.36), P<0.001). 
(B) Comparison of DCR. The MSI-H patients had a statistically significant higher DCR than the MSI-N patients (74.0% versus 36.1%, OR 
=4.29, 95% CI: 1.79, 10.29, P=0.001). All the patients enrolled in this analysis were with adenocarcinoma and received anti-PD-1 therapy.

Figure 4 The comparison of objective response rate (ORR) of the anti-PD-1/anti-PD-L1 therapy between patients with an ECOG 
performance status of zero and one. The pooled analysis indicated a statistically significant higher ORR in patients with an ECOG 
performance status of zero (15.9% versus 7.4%, OR =2.13, 95% CI: 1.30, 3.48, P=0.003).
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status of zero and one. The DCR was 48.6% and 41.9% 
in patients with ECOG performance status of zero and 
one, respectively. Three studies compared the ORR of the 
therapy according to gender. Nonetheless, the male patients 
had a higher ORR (13.7% versus 9.8%), the difference did 
not reach statistically significant (OR =1.45, 95% CI: 0.64, 
3.30, P=0.37). 

The results of other factors whose data were available 
only in two studies and unsuitable for pooled analysis 
because of limited sample size and high heterogeneity were 
summary in Table 2. 

Predictors of long-term survival

Four studies were enrolled in the comparison of the 
6-month progression-free survival (PFS) rate of the anti-
PD-1/anti-PD-L1 therapy between PD-L1 positive and 
negative patients. The 6-month PFS rate was 18.4% in PD-
L1 positive patients, while it was 9.0% in PD-L1 negative 
patients. Moreover, the difference reached statistically 
significant (OR =2.07, 95% CI: 1.23, 3.48, P=0.006,  
Figure 5A). So did the 12- and 18-month PFS. The 
12-month PFS rate was 11.0% and 3.3% in PD-L1 positive 
and negative patients respectively (OR =2.57, 95% CI: 1.23, 
5.36, P=0.01, Figure 5B). The 18-month PFS was 7.7% and 
1.0% in PD-L1 positive and negative patients respectively 
(OR =4.55, 95% CI: 1.42, 14.63, P=0.01, Figure 5C). 

Five studies compared the overall survival (OS) between 
the PD-L1 positive and negative patients. The 6-month 
OS rate in PD-L1 positive patients was 57.1% while it was 
48.7% in the PD-L1 negative patients (OR =1.40, 95% 
CI: 1.01, 1.95, Figure 6A). The 12-month OS rate was 
also statistically significant higher in the PD-L1 positive 
patients (35.6% versus 18.5%, OR =1.96, 95% CI: 1.34, 
2.86, P<0.01, Figure 6B). The PD-L1 positive patients had 
a statistically significant higher 18-month PFS rate than 
the PD-L1 negative patients as well. The 18-month OS 
rate was 21.4% and 11.4% in PD-L1 positive and negative 
patients respectively (OR =1.70, 95% CI: 1.04, 2.78, 
P=0.03, Figure 6C). 

Heterogeneity and publication bias

Among all the pooled analyses, only the disease control 
rate (DCR), the 6-month OS rate, and the 12-month 
OS rate according to the PD-L1 expression showed 

Table 2 The summary of the objective response rate according to 
different factors

Factors
Number 

of 
Studies

Number  
of  

patients

Number of 
objective 
response

Objective 
response 
rate (ORR)

PD-L1 14

Positive 635 124 19.5%

Negative 718 73 10.2%

MSI 6

High 42 23 54.8%

Normal 641 69 10.8%

ECOG status 5

0 296 47 15.9%

1 421 31 7.4%

Age 2

<65 188 20 10.6%

≥65 129 17 13.2%

Gender 3

Male 255 35 13.7%

Female 82 8 9.8%

Tumor location 2

Stomach 247 16 6.5%

GEJ 196 18 9.2%

Histology type 2

SCC 63 5 7.9%

ADC 81 14 17.3%

Line of treatment 2

First line 93 25 26.9%

Second line 74 12 16.2%

Level of LDH 2

High 30 2 6.7%

Normal 69 16 23.2%

EBV 2

Positive 10 7 70.0%

Negative 102 6 5.9%

MSI, microsatellite instability; ECOG, Eastern Cooperative 
Oncology Group; GEJ, gastroesophageal junction; SCC, 
squamous cell carcinoma; ADC, adenocarcinoma; LDH, lactate 
dehydrogenase; EBV, Epstein-Barr virus.
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Figure 5 The comparison of progression-free survival (PFS) of the anti-PD-1/anti-PD-L1 therapy between PD-L1 positive and PD-L1 
negative patients. (A) The comparison of 6-month PFS. The PD-L1 positive patients had a statistically significant higher 6-month PFS rate 
than the PD-L1 negative patients (18.4% versus 9.0%, OR =2.07, 95% CI: 1.23, 3.48, P=0.006). (B) The comparison of 12-month PFS. The 
PD-L1 positive patients had a statistically significant higher 12-month PFS rate than the PD-L1 negative patients (11.0% versus 3.3%, OR 
=2.57, 95% CI: 1.23, 5.36, P=0.01). (C) The comparison of 18-month PFS. The PD-L1 positive patients had a statistically significant higher 
18-month PFS rate than the PD-L1 negative patients (7.7% versus 1.0%, OR =4.55, 95% CI: 1.42, 14.63, P=0.01).

moderate heterogeneity while the left analyses were with 
low heterogeneity. The Begg’s (P=0.324) and Egger’s test 
(P=0.461) detected no publication bias in the comparison of 
ORR according to the PD-L1 expression level (Figure 7).

Discussion

Our study was the first meta-analysis to explore the 
predictors of the response and long-term survival of anti-
PD-1/anti-PD-L1 therapy in gastroesophageal cancer 
patients. It revealed that patients with the high expression 
of PD-L1, high microsatellite instability, and ECOG 

performance status of zero were more likely to achieve an 
objective response from the anti-PD-1/anti-PD-L1 therapy. 
Furthermore, the therapy had a better performance in 
improving the OS and PFS in PD-L1 positive patients than 
the PD-L1 negative patients. 

The PD-1 antibodies target at the PD-1 on the immune 
cells while the PD-L1 antibodies target ar the PD-L1 
on the tumor cells (31,32). So it was not surprising that 
patients with the PD-L1 positive tumors had a higher ORR 
and DCR than the PD-L1 negative patients when receiving 
the anti-PD-1/anti-PD-L1 therapy. The ORR in PD-L1 
positive patients was almost twice as high as PD-L1 negative 
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patients in the pooled analysis. A phase three clinical trial 
showed the ORR in patients with PD-L1 CPS of one, or 
higher was 16% while it was 24.5% in patients with PD-
L1 CPS of ten or higher in gastroesophageal cancer (10). 
Huang et al. also reported the ORR could reach as high 
as 46.5% in esophageal squamous cell carcinoma patients 
with over 5% PD-L1 staining tumor cell (21). These results 
indicate that the efficacy of anti-PD-1/anti-PD-L1 therapy 
has a positive relationship with the expression level of the 
PD-L1. A meta-analysis showed that the high expression 
of PD-L1 was associated with poorer overall survival in 

ESCC (33). However, our study showed it was exactly 
these patients who could achieve a better OS and PFS from 
the anti-PD-1/anti-PD-LA therapy. It proved the efficacy 
of the therapy and indicated the predictive value of the 
expression level of PD-L1 in the therapy indirectly.

The reported overall proportion of patients with MSI-H 
ranged from 5% to 9% in gastroesophageal cancer (34-36). 
In our study, 42 out of 683 patients (6.1%) were in MSI-H 
status, and twenty-three achieved objective responses 
(54.8%). The ORR of MSI-H patients was much higher 
than the MSS patients. The MSI-H patients also had a 

Figure 6 The comparison of overall survival (OS) of the anti-PD-1/anti-PD-L1 therapy between PD-L1 positive and PD-L1 negative 
patients. (A) The comparison of 6-month OS. The PD-L1 positive patients had a statistically significant higher 6-month OS rate than the 
PD-L1 negative patients (57.1% versus 48.7%, OR =1.40, 95% CI: 1.01, 1.95, P=0.04). (B) The comparison of the 12-month OS. The PD-
L1 positive patients had a statistically significant higher 12-month OS rate than the PD-L1 negative patients (35.6% versus 18.5%, OR 
=1.96, 95% CI: 1.34, 2.86, P<0.001). (C) The comparison of 18-month OS. The PD-L1 positive patients had a statistically significant higher 
18-month OS rate than the PD-L1 negative patients (21.4% versus 11.4%, OR =1.70, 95% CI: 1.04, 2.78, P=0.03).
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Figure 7 Begg’s and Egger’s test for the detection of publication bias. Both the Begg’s (P=0.324) and Egger’s test (P=0.461) detected no 
publication bias in the comparison of objective response rate (ORR) according to the PD-L1 expression level. 

significantly higher DCR (74.1%). The higher efficacy of 
ICIs in MSI-H patients was also observed in other cancers 
(37,38). This may associate with the upregulation of immune 
checkpoint proteins in the MSI-H patients, including 
PD-1 and PD-L1 (37,39). Although only a small part of 
the patients are in MSI-H status, once it occurred, the 
patients have a great chance to benefit from the anti-PD-1/
anti-PD-LA therapy. In consideration of this, the FDA has 
approved pembrolizumab for the treatments of metastatic 
MSI-H tumors, irrespective of the site of origin (40).  
The MSI-H status is the most predictive single factor 
of the response to anti-PD-1/anti-PD-LA therapy in 
gastroesophageal cancer now. 

The ECOG performance status is an assessment of the 
patients’ functional status (41). A better ECOG performance 
status is associated with better clinical outcomes in cancer 
patients, irrespective of the type of systemic therapy (42,43). 
All the five studies enrolled in the analysis of ORR of 
anti-PD-1/anti-PD-L1 therapy according to the ECOG 
performance status showed a higher ORR in patients with a 
score of zero than those with a score of one. Moreover, the 
pooled analysis showed a statistically significant difference. 
Wang et al. showed that gastroesophageal cancer patients 
with a better ECOG performance status could also get a 
better overall survival from the therapy (29). 

Particular attention should be paid to several factors such 
as EBV infection, line of treatments, level of LDH, and 
histology type, which is seldom reported in the published 
trials. Although we are unable to prove the predictive value 
of them statistically, the high ORR in patients with these 
characteristics should not be ignored by future studies.

There are some limitations to our meta-analysis. 

Firstly, only three of the included studies were the phase 
three clinical trial, while the others were phase one or 
two clinical trials. This brought down the evidence level 
of our results in some way. Secondly, the analyses of the 
long-term survival according to the microsatellite status 
and ECOG performance status were unable to perform 
with the available data. So if the patients with MSI-H and 
better ECOG performance status would have a better long-
term survival from the anti-PD-1/anti-PD-L1 therapy are 
needed to be further proved. 

In summary, this meta-analysis showed the PD-
L1 expression level, microsatellite status, and ECOG 
performance status could be the predictors of the 
efficacy of anti-PD-1/anti-PD-L1 therapy in advanced 
gastroesophageal cancer. However, the predictive value 
of the single factor is limited. We are looking forward to 
the constriction of the predicting models based on these 
predictors in future studies.
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Table S2 The quality assessment of included phase 3 clinical trials according to the Cochrane Collaboration’s tool

Study
Random 
sequence 
generation

Allocation 
concealment

Binding of 
participants 

and personnel

Binding of 
outcome 

assessment

Incomplete 
outcome data

Selective 
reporting

Other source 
of bias

Kang 2017 Low Low Low Low Low Low Low

Shitara 2018 Low Low High Low Low Low Low

Bang 2018 Low Low High Low Low Low Low

Supplementary

Table S1 The quality assessment of included phase1 and phase 2 clinical trials according to the MINORS

Study
A clearly 

stated aim

Inclusion of 
consecutive 

patients

Prospective 
collection of 

data

Endpoints 
appropriate 
to the aim 

of the study

Unbiased 
assessment 

of the 
endpoints

Follow-up 
appropriate 
to the aim 

of the study

Loss to 
follow up 
less than 

5%

Prospective 
calculation 

of the 
sample size

MINORS 
score

Muro 2016 2 2 2 2 2 2 2 2 16

Kudo 2017 2 2 2 2 1 2 2 2 15

Janjigian 2018 2 2 2 2 1 2 2 2 15

Fuchs 2018 2 2 2 2 2 2 2 2 16

Kim 2018 2 2 2 2 1 2 2 2 15

Kato 2018 2 2 2 2 1 2 2 2 15

Huang 2018 2 2 2 2 1 2 2 1 14

Doi 2018 2 2 2 2 1 2 2 2 15

Boku 2019 2 2 2 2 2 2 2 1 15

Wang X 2019 2 2 2 2 1 2 2 0 13

Wang F 2019 2 2 2 2 1 2 2 0 13

Sundar 2019 2 2 2 2 1 2 2 2 15

Shah 2019 2 2 2 2 1 2 2 1 14

Huang 2019 2 2 2 2 2 2 2 0 14

Herbst 2019 2 2 2 2 1 2 2 1 14

Doi 2019 2 2 2 2 1 2 2 1 14

Chung 2019 2 2 2 2 1 2 2 2 15

Bang 2019 2 2 2 2 2 2 2 1 15
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