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Abstract
Background: Efficacy of immune checkpoint inhibitors (ICIs) in metastatic gastric/
gastroesophageal junction (GEJ) adenocarcinoma is inconsistent. Whether the effi-
cacy of ICIs is comparable across different subgroups remains unknown.
Methods: We identified randomized controlled trials (RCTs) that compared stand-
ard treatment for metastatic gastric/GEJ adenocarcinoma to ICIs. Hazard ratios 
(HRs) and 95% confidence intervals (CI) for overall survival (OS) were extracted 
and pooled in a meta-analysis. Prespecified subgroups were included as follows: 
age at randomization (</≤65 vs ≥/>65 years), gender (female vs male), ethnicity 
(Asians vs non-Asians), performance-status (0 vs 1), tumor location (gastric vs GEJ), 
and histological subtype (diffuse vs others). OS in patients with programmed death 
ligand (PD-L1) positive and with microsatellite instability-high (MSI-H) were also 
extracted and pooled in a meta-analysis.
Results: Five RCTs comprising 2,264 patients were analyzed. Compared to standard 
therapy, ICIs did not improve OS (HR = 0.86, 95% CI 0.71-1.03, P = .10) and the ef-
fect of ICIs on OS was similar in all subgroups. Nonsignificantly greater effect sizes 
were seen in older patients (HR = 0.85 vs 0.88, P = .81), male (HR = 0.82 vs 0.99, 
P = .16), Asians (HR = 0.86 vs 0.96, P = .55), performance-status 0 (HR = 0.84 vs 
0.88, P = .81), GEJ tumors (HR = 0.78 vs 0.90, P = .37), and nondiffuse subtype 
(HR = 0.71 vs 0.79, P = .62). ICIs were associated with significantly improved OS 
in patients with MSI-H (HR = 0.33, P = .001), but not in PD-L1 positive disease 
(HR = 0.86, P = .06).
Conclusions: Compared to standard treatment, ICIs in metastatic gastric/GEJ ad-
enocarcinoma did not improve OS. None of the evaluated subgroups has shown in-
creased magnitude of effect to ICIs, aside of the small group with MSI-H tumors.
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1 |  INTRODUCTION

Most gastric and gastroesophageal junction (GEJ) cancers 
present at an advanced stage and have poor prognosis with a 
median survival of approximately 1 year.1 Cytotoxic chemo-
therapy is the backbone of treatment in these cancers.2,3 First-
line chemotherapy most commonly comprises a platinum and 
a fluoropyrimidine combination.3,4 Other agents such as tax-
anes or irinotecan have shown only modest activity, usually 
with a short duration of response after progression on first 
line chemotherapy.5,6 During the last decade several nonche-
motherapy treatments for gastric cancer have emerged, such 
as trastuzumab which has shown improved overall survival 
(OS) in patients with human epidermal growth factor recep-
tor 2 (HER2) positive disease when added to standard che-
motherapy.7 However, HER2-positive disease represents only 
15% of whole gastric cancer patients.7

In recent years, immune-checkpoint inhibitors (ICIs) have 
redefined the treatment paradigm of various types of advanced 
cancers.8-11 In gastric and GEJ adenocarcinoma, early phase 
studies have shown that treatment with ICIs has an overall man-
ageable toxicity profile and encouraging efficacy results.12-15 
Randomized controlled trials (RCTs) investigating the role ICIs 
in gastric and GEJ adenocarcinoma demonstrated inconsistent 
results,16-22 and biomarkers to predict response to ICIs in this 
population have not been well-defined. Pembrolizumab, an anti 
programed cell death protein 1 (PD-1) inhibitor, is currently 
approved by the US Food and Drug Administration (FDA) for 
patients with metastatic gastric or GEJ adenocarcinoma whose 
tumors express programmed death-ligand 1 (PD-L1), defined 
as Combined Positive Score [CPS] ≥1, with disease progres-
sion on or after two or more prior lines of therapy.23 This ap-
proval was supported by the results of the KEYNOTE-059 trial 
that demonstrated relatively high response rate with durable 
response to pembrolizumab monotherapy in these patients.14 
The detection rate of PD-L1 expression in gastric cancer tis-
sues is highly variable, ranging between 14%–69%.24 PD-L1 
expression is associated with worse outcomes and adverse 
histo-pathological features, including more advanced T stage, 
nodal involvement, venous invasion, Epstein-Barr virus infec-
tion, and microsatellite instability-high (MSI-H) status.24,25 
However, while PD-L1 expression might be an important bio-
marker to predict response to ICIs in other solid tumors,11,26,27 
in gastric and GEJ adenocarcinoma, PD-L1 expression alone 
may not be an adequate biomarker.

In solid tumors with MSI-H, single-agent pembrolizumab 
has shown robust activity, including in heavily pretreated pa-
tients,28,29 leading to an FDA approval of pembrolizumab 
monotherapy in tumors with MSI-H disease, regardless of 
tumor's primary site.23 In metastatic gastric and GEJ adeno-
carcinoma specifically, MSI-H is associated with encouraging 
activity of ICIs. Unfortunately, only a small minority of gastric 
or GEJ adenocarcinoma patients have evidence of MSI-H.16,17

Geographical regions have a well-established impact on 
gastric and GEJ adenocarcinoma outcome, with improved 
OS in Asians compared to non-Asians. The favorable out-
come in Asians persists after adjusting for disease stage.30 
Ethnicity has also been shown to affect response to different 
systemic treatments,31-33 with data suggesting distinct molec-
ular entities by geographical region.30 However, the impact of 
ethnicity on response to ICIs remains unclear.

Here, we report on a meta-analysis evaluating the magni-
tude of effect of ICIs compared to standard treatment on the 
outcomes of patients with metastatic gastric or GEJ adeno-
carcinoma. We also aimed to identify whether specific sub-
groups, defined by clinical and pathological features, have 
differential effect from ICIs.

2 |  MATERIALS AND METHODS

2.1 | Literature Review and Study 
Identification

A literature search utilizing MEDLINE (Host: PubMed) 
and EMBASE identified RCTs published between January 
2010 and December 31 2019 which explored the benefit 
of ICIs (either as monotherapy or as a combination of with 
chemotherapy) compared to standard treatment in upper gas-
trointestinal malignancies including gastric, GEJ and esopha-
geal adenocarcinoma. The following search algorithm was 
used: (((gastric cancer[MeSH Terms]) OR gastroesophageal 
cancer[MeSH Terms]) OR esophageal cancer[MeSH Terms]) 
AND ((immunotherapy OR PD-1 inhibitor OR PDL-1 inhib-
itor OR anti PD-1 OR anti PDL-1 OR nivolumab OR op-
divo OR pembrolizumab OR keytruda OR atezolizumab OR 
tecentriq OR avelumab OR bavencio OR durvalumab OR 
imfinzi OR immune checkpoint)). The EMBASE search was 
in title/abstract without Mesh Terms. To improve the sensi-
tivity, we also searched databases from the Annual Meetings 
of the American Society of Clinical Oncology (ASCO), the 
European Society of Medical Oncology (ESMO), ASCO 
gastrointestinal and ESMO gastrointestinal meetings during 
the last 4 years (2017 to 2020) and reviewed citation lists. 
Eligibility criteria were as follows: studies which included 
patients with metastatic gastric and/ or GEJ adenocarcinoma 
and investigated ICIs with either PD1 or PDL1 inhibitors. 
Comparisons between ICIs monotherapy or combination of 
chemotherapy and ICIs and chemotherapy to standard of 
care (either chemotherapy or best supportive care if prior two 
lines of chemotherapy were given) were allowed. Treatment 
could be first line of subsequent line for advanced setting. 
Studies were included only if outcomes on progression-free 
survival (PFS), OS or both were reported. The search was 
restricted to English language only. Both randomized phase 
2 and phase 3 trials were allowed.
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2.2 | Data extraction

Hazard ratios (HRs) and 95% confidence intervals (CIs) of the 
effect of the treatment with ICIs compared to standard treat-
ment on PFS, OS and OS by subgroups were extracted. Data 
on PFS by subgroups were not reported. Prespecified sub-
groups included patients’ age at time of randomization (catego-
rized as age </≤ 65 years vs ≥/>65 years), gender (female vs 
male), ethnicity (Asians vs non-Asians), Eastern Cooperative 
Oncology Group performance status (ECOG PS) (0 vs 1), pri-
mary tumor location (gastric vs GEJ), and histological subtype 
(diffuse vs other subtypes). Additionally, data on OS in patients 
with MSI-H and PD-L1-positive disease were collected. We 
also extracted data on number of included patients, median du-
ration of follow-up, regimens given in the experimental and the 
control arms and whether treatment was first line or more ad-
vanced. When available, data on the proportion of patients with 
HER2 positive and MSI-H were also extracted.

Data were extracted independently by two reviewers (MS 
and HG). Discrepancies were resolved by consensus. All data 
were extracted from primary publications, their associated 
online appendices or from the conference presentation if the 
study was yet to be published.

2.3 | Data synthesis and statistical analysis

The extracted HRs and CIs from individual studies were 
pooled in a meta-analysis using generic inverse variance 
and random effects modeling. To evaluate the effect of 
ICIs by subgroups, HRs for each subgroup were presented 
for descriptive purposes and differences between the sub-
groups were assessed using methods describes by Deeks 
et al34 Analyses were performed using RevMan 5.3 (The 
Cochrane Collaboration, Copenhagen, Denmark). Statistical 
heterogeneity was reported using Cochran Q and I2 statis-
tics. Statistically significant heterogeneity was defined as a 
Cochran Q P < .10 or I2 greater than 50%. Due to substantial 
clinical heterogeneity between studies, analyses were per-
formed using random effects modeling irrespective of sta-
tistical heterogeneity. Analysis was performed if data were 
available for at least three studies.

Multiple sensitivity analyses were performed on OS 
and PFS to evaluate the effect of ICIs as first line treatment 
(rather than other settings), the effect of PD-L1 inhibitor 
(rather than PD-1 inhibitor), placebo in the control group 
(rather than chemotherapy) and excluding a study which in-
cluded Asians only. These prespecified categories were also 
used to explored the potential sources of heterogeneity of in-
cluded studies. The interaction between PD-1 inhibitors and 
PD-L1 inhibitors in the intention to treat population was also 
assessed using methods describes by Deeks et al34 Statistical 
significance was defined as P < .05.

3 |  RESULTS

The search identified 1771 records. After exclusions, seven 
publications reporting outcomes on five trials were in-
cluded,16-22 see Figure  1. For one study, a post hoc analy-
sis for Asians and patients with CPS ≥ 10 was presented at 
the recent 2020 ASCO annual meeting,35 but the relevant 
extracted results were identical the these previously pub-
lished.17 Overall, eligible studies comprised 2,264 patients. 
Individual study characteristics and quality assessment of 
included studies are shown in Table 1 and Table 2, respec-
tively. In one trial, data were extracted only on patients with 
CPS ≥ 1 (excluding patients with CPS < 1) as the primary 
outcome was defined for these patients.16 In another trial, 
there were two investigational arms: pembrolizumab mono-
therapy and a combination of pembrolizumab with chemo-
therapy. However, data on subgroups were only available for 
the comparison between pembrolizumab monotherapy and 
chemotherapy.17 One study included Asians only 18,19 and 
this was the only study that used placebo in the control group 
rather than chemotherapy. Otherwise, patients’ characteris-
tics with regard to gender, age, ECOG PS, primary tumor 
location and histological subtype were similar between in-
cluded studies. One study evaluated ICIs as first line,17 other 
study evaluated maintenance avelumab compared to chem-
otherapy in patients who did not progress after 1st line of 
chemotherapy 22 and the other trials used ICIs in more ad-
vanced disease.16,18,20 Two studies used anti-PD-L1 20,22 and 
three studies used anti-PD-1.16-18

3.1 | Intention to treat

Overall, compared to standard therapy, treatment with 
ICIs did not improve OS (HR  =  0.86, 95% CI 0.71-1.03, 
P = .10), see Figure 2A. There was statistically significant 
heterogeneity for OS (Cochran's Q P = .009, I2 = 70%). In 
subgroup analysis by ICIs type, the magnitude of benefit 
for PD-1 inhibitors was higher compared to PD-L1 inhibi-
tors (HR = 0.77, 95% CI 0.62-0.96 vs. to HR = 0.99, 95% 
0.83-1.20) and approached statistically significance (p value 
for the subgroup difference = 0.08). Other sensitivity analy-
ses for OS showed similar results (Table 3). Assessment of 
heterogeneity showed that excluding the ATTRACTION-2 
study, which compared ICIs to placebo and included Asians 
only, contributed to heterogeneity. Excluding this study 
resulted in nonsignificant heterogeneity and a similar ef-
fect size on OS (HR 0.93, 95% CI 0.82-1.05, Cochran's Q 
P = .33, I2 = 12%).

PFS was comparable in ICIs group compared to standard 
therapy in the intention to treat population PFS (HR = 1.18, 
95% CI 0.81-1.71, P  =  .39), see Figure  2B. There was sta-
tistically significant heterogeneity for PFS (Cochran's  Q 
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P  <  .001,  I2  =  94%). Assessment of heterogeneity, did not 
identify a study that contributes to heterogeneity (Table  3). 
PFS was affected by excluding the ATTRACTION-2 study 
(HR = 1.18 with all studies compared to HR = 1.39 after ex-
clusion). Other sensitivity analyses for PFS showed similar 
results (Table 3).

With regard to toxicity, overall ICIs monotherapy had fa-
vorable toxicity profile compared to chemotherapy,16,17,20-22 
but there were more adverse events for combination of che-
motherapy and ICIs compared to chemotherapy.17,21 When 
ICIs treatment was compared to placebo, there were more 
adverse events in the investigational arm.18

3.2 | Ethnicity

Four studied reported on OS by ethnicity.16,17,20,22 The 
magnitude of benefit from ICIs on OS was higher in 

Asians (HR = 0.86, 95% CI 0.61-1.20) compared to non-
Asians (HR = 0.96, 95% CI 0.84-1.08), but this differ-
ence was not significant (subgroup difference P = .55), 
see Figure 3A. There was no statistically significant het-
erogeneity (Cochran's Q P = .15, I2 = 35%), see supple-
mentary Table 1. Pooled analysis of the data on Asians 
from these studies together with the ATTRACTION-2, 
which included Asians only, did not show statisti-
cally significant impact of ICIs on OS in this popula-
tion (HR = 0.79, 95% 0.61-1.03, P =  .09, Cochran's Q 
P = .03, I2 = 61%).

3.3 | Age

All studies reported on OS for younger age (<65 
or ≤ 65) compared to older age (>65 or ≥ 65).16-18,20,22 
OS was comparable in younger age (HR  =  0.88, 95% 

F I G U R E  1  Study selection
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T A B L E  2  Quality assessment of included studies

Random Sequence
Generation

Allocation 
Concealment

Blinding of 
participants 
and personnel

Blinding 
of outcome 
assessment

Incomplete 
outcome data

Selective 
reporting

ATTRACTION-2, Kang 
201718,19

Low Unclear Low Low Low Low

JAVELIN gastric 300, Bang 
201820

Low Low Low Low Unclear Low

KEYNOTE 061, Shitra 201816 Low Low Unclear Low Unclear Low

KEYNOTE 062, Shitara 2019 
17,21a 

Unclear Unclear Unclear Low Low Unclear

JAVELIN gastric 100, Moehler 
2020 22a 

Unclear Unclear Low Low Unclear Unclear

aAs the KEYNOTE 062 have and the JAVELIN gastric studies have been presented only in a form of abstracts/ oral presentations and the full manuscripts have been 
published yet, data for quality assessment are limited. 

F I G U R E  2  Forest plots in the intention to treat population for: (A) Overall-survival, (B) Progression-free survival
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CI 0.75-1.04) compared to older age (HR = 0.85, 95% 
0.67-1.08), subgroup difference P = .81, see Figure 3B. 
There was statistically significant heterogeneity 
(Cochran's  Q P  =  .02,  I2  =  55%), see supplementary 
Table 1.

3.4 | Gender

All studies reported on OS by gender.16-18,20,22 The magni-
tude of benefit from ICIs was higher in men (HR = 0.82, 
95% 0.69-0.97) compared to women (HR  =  0.99, 95% 
0.80-1.22), but this difference was not statistically signifi-
cant (subgroup difference P =  .16), see Figure 3C. There 
was statistically significant heterogeneity (Cochran's  Q 
P = .01, I2 = 51%). Assessment of heterogeneity showed that 
excluding the studies investigating PD-L1 inhibitors (rather 
than PD-1 inhibitor) and excluding the ATTRACTION-2 
study, contributed to heterogeneity, but this had no im-
pact of the subgroup difference (p for the subgroup differ-
ence = 0.54 after exclusion of anti PD-L1 inhibitors studies 
and P = .28 after exclusion of the ATTRACTION-2 study), 
see Table S1.

3.5 | Performance status

Four studies reported on OS by ECOG PS.16-18,20 The effect 
of ICIs in patients with PS = 0 was comparable to the ef-
fect in patients with PS = 1 (HR = 0.84, 95% 0.60-1.19 and 
HR = 0.88, 95% 0.73-1.07, subgroup difference P =  .81), 
see Figure  3D. There was statistically significant hetero-
geneity (Cochran's  Q P  =  .02,  I2  =  59%). Assessment of 
heterogeneity showed that excluding the study investigat-
ing PD-L1 inhibitors and excluding the ATTRACTION-2 
study, contributed to heterogeneity, but this had no im-
pact of the subgroup difference (p for the subgroup differ-
ence  =  0.35 after exclusion of PD-L1 inhibitor study and 
P = .88 after exclusion of the ATTRACTION-2 study), see 
Supplementary Table 1.

3.6 | Primary tumor location

All studied reported on OS by primary tumor location.16-18,20,22 
The magnitude of benefit was higher in patients with tumors 
in the GEJ (HR = 0.78, 95% CI 0.61-1.00) compared to those 
with gastric tumors (HR = 0.90, 95% CI 0.75-1.08), but this 
difference was not statistically significant, (subgroup dif-
ference P  =  0. 37), see Figure  3E. There was statistically 
significant heterogeneity (Cochran's Q P =  .04, I2 = 50%). 
Assessment of heterogeneity showed that excluding the 
ATTRACTION-2 study, contributed to heterogeneity, but 
this had no impact of the subgroup difference (p for the sub-
group difference = 0.28), see Table S1.

3.7 | Histological subtype

Three studies reported on OS by histological subtype.16-18 
ICIs had a similar effect on diffuse histological subtype 
(HR  =  0.79, 95% CI 0.64-0.97) and nondiffuse subtypes 
(HR = 0.71, 95% 0.51-1.00), subgroup difference P =  .62, 
see Figure  3F. There was statistically significant heteroge-
neity (Cochran's Q P =  .33,  I2 = 13%), see supplementary 
Table 1.

3.8 | MSI-H and PDL-1 status

Three studies reported on OS for patients with MSI-H.15,21,22 
In these patients, ICIs were associated with a significant im-
provement is OS (HR = 0.33, 95% CI 0.17-0.64, P = .001) 
(Figure 4A). On note, as OS results for mismatch repair-pro-
ficient (MMRp) patients were not reported, the interaction 
between these subgroups could no be accounted for.

Data on OS for patients with PD-L1-positive disease were 
pooled from all studies.16-18,20,22 Compared to the control 
group, in patients with PD-L1-positive disease as prespeci-
fied by each study, treatment with ICIs approached a statis-
tically significant improvement in OS (HR = 0.86, 95% CI 
0.74-1.01, P = .06), see Figure 4B. Of note, in one study, an 

T A B L E  3  Sensitivity analyses

Outcome Primary analysis
Excluding study in 
1st line treatment

Excluding studies 
with PDL1 inhibitor

Excluding study that included only 
Asians/ compared to placebo

OS (HR, 95% CI) 0.86 (0.71-1.03) 0.85 (0.67-1.06) 0.77 (0.62-0.96) 0.93 (0.82-1.05)

Heterogeneity for OS 
Cochran's Q (p value, I2)

P = .009, I2 = 70% P = .004, I2 = 77% P = .08, I2 = 61% P = .33, I2 = 12%

PFS (HR, 95% CI) 1.18 (0.81-1.71) 1.08 (0.70-1.66) 1.08 (0.60-1.97) 1.39 (1.10-1.76)

Heterogeneity for PFS 
Cochran's Q (P value, I2)

P < .001, I2 = 94% P < .001, I2 = 94% P < .001, I2 = 96% P = .002, I2 = 80%

Abbreviations: CI, confidence interval; HR, hazard ratio; OS, overall survival; PDL, programed death ligand; PFS, progression free survival.
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F I G U R E  3  Forest plots for overall-survival according to: (A) Ethnicity (Asians vs non-Asians), (B) Age (≤/<65 vs>/≥65), (C) Gender 
(female vs male), (D) ECOG performants status (0 vs 1), (E) Primary tumor location (gastric vs GEJ), (F) Histological subtype (Diffuse subtype vs 
nondiffuse subtype). Hazard ratios for each trial are represented by the squares, the size of the square represents the weight of the trial in the meta-
analysis, and the horizontal line crossing the square represents the 95% confidence interval. The diamonds represent the estimated pooled effect. All 
P values are two-sided
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exploratory analysis evaluated OS also by PD-L1 status using 
a different assay than the assay used during enrolment (22C3 
pharmDx rather than 73-10 pharmDx assay [Dako]).22 When 
pooling the results from this exploratory analysis, treatment 
with ICIs was associated with a statistically significant im-
provement in OS (HR = 0.83, 95% CI 0.71-0.96, P = .01). As 
data on PD-L1-negative tumors were insufficient and in two 
of the included studies all patients were PD-L1-positive,16,17 
the interaction between PDL1 positive to PDL1 negative 
could not be assessed.

4 |  DISCUSSION

Treating metastatic gastric and GEJ adenocarcinoma is often 
challenging due to low clinical benefit and short duration of 
response with standard treatment. The success of immuno-
therapy in other types of cancer 8-11 and promising results for 
early phase studies in gastric cancer,12-15 have generated tre-
mendous interest in treating gastric and GEJ adenocarcinoma 
with ICIs, leading to several pivotal trials investigating the 
effect of ICIs in different settings, both in combination with 
chemotherapy or as monotherapy.16-22

In this meta-analysis we aimed to investigate the effi-
cacy of ICIs compared to standard treatment in metastatic 
gastric or GEJ cancer. We also aimed to identify whether 
a specific subgroup of patients would have a larger magni-
tude of benefit from ICIs. Overall, compared to standard 
treatment, ICIs did not improve PFS or OS. Importantly, 
the difference in OS between PD-L1 inhibitors and PD-1 
inhibitors approached significance (HR  =  0.99 and 0.77, 
respectively, p for the subgroup difference 0.08), suggest-
ing possible improved efficacy of PD-1 inhibitors in gastric 
or GEJ adenocarcinoma, though this difference was not sta-
tistically significant. Comparisons between the evaluated 
subgroups showed similar effect of ICIs and no specific 
subgroup was identified to benefit more from ICIs. In 

several of the evaluated subgroups there is higher magni-
tude of OS benefit in the ICIs arm (eg, for men HR = 0.82, 
95% 0.69-0.97, for diffuse subtype HR  =  0.79, 95% CI 
0.64-0.97, and for GEJ tumors HR = 0.78, 95% CI 0.61-
1.00), however, as the difference between the reciprocal 
subgroups was not statically significant, these findings can 
not be account as statistically significant. Multiple sensi-
tivity analyses did not identify a definitive subgroup that is 
expected to benefit more from ICIs.

Wang el al. previously published meta-analysis on the ef-
ficacy and toxicity of ICIs in gastric or GEJ tumors, showing 
no OS benefit from ICIs in these patients.36 This meta-anal-
ysis comprised five studies, but only three were RCTs and 
OS data were available only from two of these studies. In 
our meta-analysis, efficacy results from 5 RCTs were pooled. 
Consistent with this previous meta-analysis,36 no OS benefit 
from ICIs was seen. Additionally, here we presented detailed 
subgroup analyses by several important clinical and patho-
logical characteristics.

In patients with MSI-H disease, ICIs was associated with 
a significant improvement in OS. While patients with MSI-H 
disease represent only a small minority of patients included 
in this analysis, and there were no data to compare the ef-
fect of treatment to patients with MMRp disease, the magni-
tude of effect for MSI-H disease in this analysis was robust 
(HR = 0.33, P = .001) and consistent with prior reports of 
ICIs in tumors with MSI-H,28,29 bolstering the benefit from 
ICIs in this population.

PD-L1-positivity has an important role in predicting re-
sponse to ICIs in some cancers 11,26,27 but not in others.8,37 
In gastric or GEJ cancer, initial approval for pembrolizumab 
was given for patients with PD-L1-positive disease, based 
on encouraging results from a single arm study.14 In our me-
ta-analysis, treatment with ICIs compared to standard treat-
ment approached significance (HR = 0.86, 95% CI 0.74-1.01, 
P = .06), but the magnitude of effect was similar to the effect 
in all patients (HR = 0.86, 95% CI 0.71-1.03, P = .10). As 

F I G U R E  4  Forest plots for OS in: (A) 
MSI-H disease, (B) PDL1-positive disease
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data on efficacy for PD-L1-negative disease were insufficient, 
and two studies included only patients with PD-L1-positive 
disease, the interaction between OS in PD-L1-positive and 
-negative could not be assessed. Therefore, the conclusions 
that can be drawn for ICIs in PD-L1-positive patients from 
this meta-analysis are limited. Additionally, PD-L1 positivity 
was determined by different assays and methods in the in-
cluded studies, a fact that further limits this analysis.

Gastric cancer in Asians represents a distinct clinical en-
tity,20-33 and therefore, ethnicity in gastric cancer is an im-
portant stratification factor and its influence on ICIs' efficacy 
should be determined. All patients in the ATTRACTION-2 
study, that was included in this meta-analysis, were Asians and 
it was the only study that showed significant improvement in 
OS with nivolumab compared to the control group.18 However, 
in our meta-analysis, the difference between Asians and non-
Asians was not significant (p for the subgroup P  =  .55). A 
hint for potential impact of ethnicity on response to ICIs may 
exists in the PFS results. A sensitivity analysis excluding the 
ATTRACTION-2 study, showed a meaningful difference in 
PFS, demonstrating inferiority to ICIs when excluding this 
study (HR = 1.39 compared to 1.18). However, as this study 
was also the only one to use placebo in the control group (rather 
than chemotherapy), rapid progression and OS difference could 
be easily explained. Interestingly, in the PFS analysis there is 
significant statistical heterogeneity and this finding was noted 
also after excluding the ATTRACTION-2. Other factors that 
might impact the heterogeneity might include different line of 
therapy or variability in efficacy of the investigated ICIs.

This study has several limitations. First, this is a litera-
ture-based rather than an individual patient-based meta-anal-
ysis. Consequently, it is subject to publication bias. Second, 
the designs of the included studies in this meta-analysis are 
heterogeneous with varied settings of treatment, types of ICIs 
and treatment in the control groups. Third, there is also hetero-
geneity in studies’ populations. Two studies only included pa-
tients with PD-L1 positive tumors. Additionally, the methods 
to assess PD-L1 positivity were inconsistent in the included 
studies. Of note, to address this heterogeneity, analyses were 
performed using random effects modeling (rather that fixed 
effect modeling) and multiple sensitivity analyses were per-
formed. Finally, data on treatment post progression, including 
exposure to ICIs, are lacking. This might also affect OS.

In conclusion, in this meta-analysis, compared to the con-
trol group, addition of ICIs to standard treatment did not im-
prove outcome in gastric and GEJ cancer patients. With the 
exception of the small group of patients with MSI-H disease, 
our analysis did not identify subgroups with greater statisti-
cally significant benefit on OS from ICIs. Further investiga-
tion of PD-1 inhibitors rather than PD-L1 inhibitors might be 
preferred, considering our findings in the subgroup analysis 
for OS by ICIs type. As treatment of metastatic gastric cancer 
has unmet needs given the poor OS with standard treatment, 

additional efforts should be made to better identify subpopu-
lations that could benefit from ICIs.
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