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Abstract. Recently, the treatment plan of pembrolizumab 
plus chemotherapy was regarded as a promising treatment 
for patients with advanced gastric cancer or gastroesophageal 
junction adenocarcinoma (GC/GEJC). However, the efficacy 
and side effects of pembrolizumab plus chemotherapy still 
lack evidence‑based medical evidence to support. Therefore, 
a meta‑analysis was conducted to evaluate the hot issue. By 
searching PubMed, EMBASE, Cochrane Library, Web of 
Science, any randomized clinical studies of pembrolizumab 
plus chemotherapy versus chemotherapy in patients with 
advanced GC/GEJC met the inclusion criteria were included. 
The quality of the literature was evaluated and the data was 
extracted. A correlative software was also used to analyze the 
data and to draw a conclusion. After screening 14,015 studies, 
four studies were eligible for the meta‑analysis. Compared 
with chemotherapy alone group, the overall survival (OS) rate 
was significantly longer. In programmed cell death ligand 1 
(PD‑L1) combined positive score (CPS) ≥1 subgroup and 
PD‑L1 CPS ≥10 subgroup analyses, the results showed that 
the response rate (RR) and complete response rate (CR) were 
both higher in pembrolizumab plus chemotherapy group 
compared with chemotherapy alone group. There were not 
significant differences in the CR, the treatment‑related adverse 
events, succumbed to drug‑related events and succumbed to 
immune‑mediated events between the two groups. However, 
the effect events such as the treatment‑related adverse events 
led to discontinuation, the 3‑5 treatment‑related adverse 
events and the immune‑mediated adverse events and infu‑
sion reactions were more common in pembrolizumab plus 
chemotherapy group. In conclusion, the current meta‑analysis 

revealed that, in treating advanced GC/GEJC, pembrolizumab 
plus chemotherapy had improved therapeutic efficacies than 
chemotherapy alone, as evidenced by the significantly longer 
OS. Furthermore, the patients in PD‑L1 CPS ≥1 subgroup and 
PD‑L1 CPS ≥10 subgroup appeared to benefit from pembroli‑
zumab plus chemotherapy treatment because of higher RR and 
CR. However, side effects such as the treatment‑related adverse 
events leading to discontinuation, the 3‑5 treatment‑related 
adverse events, and immune‑mediated adverse events and 
infusion reactions deserved more attention.

Introduction

Gastric cancer (GC) and gastroesophageal junction cancer 
(GEJC) are the fifth most frequently diagnosed cancer and 
the third leading cause of cancer death globally (1,2). GC and 
GEJC are frequently asymptomatic in the early stages, and, 
often diagnosed at advanced disease stages (3,4). At present, 
a combination of a platinum drug (cisplatin or oxaliplatin) 
and a fluoropyrimidine (fluorouracil, capecitabine, or S‑1) is 
regarded as the standard first‑line palliative chemotherapy 
regimen (5). In total, ~10% of patients with advanced GC or 
GEGC will survive for five years, despite advancements in 
treatment options (3).

The treatment of advanced cancer has been completely 
transformed in recent years by immunotherapy using immune 
checkpoint inhibitors. One such checkpoint is the negative 
costimulatory receptor known as programmed cell death 1 
(PD‑1), which is mostly expressed on peripheral CD4+ and 
CD8+ T cells, natural killer T cells, B cells, monocytes and 
certain dendritic cell subsets upon their activation  (6,7). 
Tumor cells frequently use the PD‑1 pathway to evade 
immune surveillance (6,7). The antitumor immune response 
is suppressed when PD‑1 binds to its ligands, programmed 
cell death ligand 1 (PD‑L1) and PD‑L2, inhibiting effector 
T‑cell activity (6,7). PD‑L1 is frequently upregulated in GC 
and correlated with the depth of tumor invasion, lymph node 
metastasis and American Joint Committee on Cancer (AJCC) 
stage (8). Pembrolizumab is a humanized, specific monoclonal 
antibody against immunoglobulin G4κ that inhibits the 
interaction between PD‑1 and its ligands, and allows for the 
reactivation of the immune response against cancer cells (9). 
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In other malignancies, pembrolizumab plus chemotherapy was 
shown to be effective and relatively safe (10,11).

Pembrolizumab plus chemotherapy was recently considered 
a promising treatment for patients with advanced GC/GEJC, 
with positive reported treatment outcomes in patients with or 
without surgical treatment (12,13). Fuchs et al (14) noted that 
pembrolizumab monotherapy showed promising activity and a 
manageable safety profile in patients with advanced GC/GEJC 
who had previously received at least two lines of therapy, 
and that a durable response was observed in patients with 
PD‑L1‑positive and PD‑L1‑negative tumors. Shitara et al (15) 
also confirmed that pembrolizumab exhibited a superior safety 
profile to paclitaxel, despite the fact that it did not significantly 
increase overall survival when administered as a second‑line 
treatment for advanced gastric or gastroesophageal carcinomas 
with a PD‑L1 combined positive score (CPS) of 1 or higher. 
Furthermore, chemotherapeutic drugs such as 5‑fluorouracil and 
cisplatin boost the immunogenicity of cancer cells and render 
them more vulnerable to immune‑mediated cytotoxicity (16). 
However, the efficacy and side effects of pembrolizumab plus 
chemotherapy still lack evidence‑based medical evidence to 
support. Therefore, a meta‑analysis was conducted to evaluate 
the hot issue.

Materials and methods

Literature search and study select ion.  PubMed 
(https://pubmed.ncbi.nlm.nih.gov/), EMBASE (https://www.
embase.com), Cochrane Central Register of Controlled Trials 
(https://www.cochranelibrary.com) and Web of Science 
(https://clarivate.com) were used for systematic search. The 
main search strategy was as follows: (‘esophagogastric junc‑
tion carcinoma’ OR ‘EJC’ OR ‘esophagogastric cancer’ OR 
‘gastric carcinoma’ OR ‘gastric cancer’ OR ‘GC’) AND 
(‘immunotherapy’ OR ‘PD‑1’ OR ‘Pembrolizumab’). The last 
search was conducted on March 8, 2024. Two authors (JL and 
XH) independently reviewed the title and abstract of the cita‑
tion and obtained the full text of potentially eligible studies. 
Disagreements were resolved by discussion or, if necessary, 
by a third author (SZ). A reference list review of all retrieved 
studies was further screened for additional eligible studies.

Inclusion and exclusion criteria. Studies that compared the 
efficacy and side effects of patients undergoing chemotherapy 
alone or in combination with pembrolizumab were included. 
The studies should meet the following criteria: i) Randomized 
clinical trials; ii) advanced GC or GEJC; and iii) comparable 
data on overall survival (OS), response rate (RR) or side 
effects was available. The main exclusion criteria included: 
i) Reviews, letters, case reports and conference abstracts; ii) 
animal experiments, in vitro studies and ongoing studies; iii) 
studies a with lack of survival data or adverse effects; and iv) 
studies were not about advanced GC/GEJC.

Quality assessment. Two authors (JL and XH) conducted 
independent assessments. Disagreements were resolved by 
discussion or by a third author (SZ). No studies were excluded 
on this basis. The risk of bias in the eligible studies was compre‑
hensively assessed according to the Cochrane Collaboration's 
Risk of Bias tool (17).

Data extraction and synthesis. Two authors (JL and XH) 
independently extracted the data from the included studies. 
The information included the following outcomes: Name of 
the trial, publication time and design of the trial, treatment 
methods, case characteristics, median follow‑up time, thera‑
peutic efficacy and related side effects.

The meta‑analysis was conducted according to the Cochrane 
handbook for systematic reviews of interventions. Every cate‑
gorical variable in the current investigation was discontinuous. 
Forest plots were drawn by Review Manager 5.4 software 
(Cochrane Institute) automatically. Odds ratio (OR), P‑value and 
95% confidence intervals (CI) were used to assess whether the 
differences in results were significant. P>0.05 was considered 
to indicate a statistically significant difference. The statistical 
analysis was deemed to show no substantial heterogeneity if 
I2<50%; heterogeneity was deemed to be present if I2≥50%. The 
fixed‑effects model (FEM) and random‑effects model (REM) 
were alternated in the calculation mode. FEM was utilized to 
handle the data if there was no significant heterogeneity; REM 
was employed in other cases. The publication bias and Egger test 
were conducted by using STATA 16.0 (Stata Corp LP).

Results

Study selection. Through a systematic literature search, 
14,015  studies were retrieved. After removing duplicate 
studies, irrelevant studies were excluded by checking titles and 
abstracts one by one. At last, four eligible studies (18‑21) were 
included. The flow chart of selecting literatures according to 
PRISMA guidelines is shown in Fig. 1.

Methodological quality. All included four studies (n=1,821) 
were multicenter randomized clinical trials. A total of 
3,015 patients were included in the meta‑analysis, of which 
1,502 patients received chemotherapy alone and 1,513 patients 
received chemotherapy in addition to pembrolizumab. The 
baseline characteristics of the included studies are displayed in 
Table I. Cochrane Collaboration's Risk of Bias tool was used to 
assess the quality of the included studies. All studies were low 
risk of bias. The details of the assessment are shown in Fig. 2.

Comparison of OS rate. The meta‑analysis of OS following 
data integration is demonstrated in Fig.  3. Only two 
studies (20,21) were included. The results demonstrated that, 
as compared with chemotherapy alone, the OS of the pembro‑
lizumab plus chemotherapy group was statistically significant 
(OR=1.36; 95% CI: 1.13‑1.64; P=0.001). This indicated that OS 
was higher in the pembrolizumab plus chemotherapy group 
than in the chemotherapy alone group.

Comparison of response rate (RR). A subgroup analysis was 
performed in the meta‑analysis of RR (Fig. 4). The result iden‑
tified that the RR both in PD‑L1 CPS ≥1 subgroup and PD‑L1 
CPS ≥10 subgroup was significantly different between the 
pembrolizumab plus chemotherapy group and chemotherapy 
alone group (OR=1.59, 95% CI: 1.32‑1.91; P<0.00001 and 
OR=2.12; 95% CI: 1.53‑2.93; P<0.00001).

Comparison of complete response (CR) rate. Meta‑analysis of 
CR is revealed in Fig. 5. Because of heterogeneity (P=0.01, 
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I2=63%), a random effects model was used for analysis. The 
result revealed that the CR rate was not significantly different 
between the pembrolizumab plus chemotherapy group and 
chemotherapy alone group (OR=3.36; 95% CI: 0.70‑16.04; 
P=0.13). By contrast, the results showed that the PD‑L1 
CPS ≥1 subgroup and PD‑L1 CPS ≥10 subgroup were signifi‑
cantly different (OR=1.78; 95% CI: 1.29‑2.46; P=0.0005 and 
OR=2.88; 95% CI: 1.54‑5.39; P=0.0010).

Comparison of safety. Moreover, an analysis was conducted to 
explore the side effects of pembrolizumab plus chemotherapy 
group compared with chemotherapy alone group (Table SI). 
The data integration demonstrated that the occurrence of 
treatment‑related adverse events leading to discontinuation 
was more common in pembrolizumab plus chemotherapy 
group compared with chemotherapy alone group (OR=1.46, 
95% CI: 1.23‑1.73, P<0.0001) (Fig. 6A), regardless of the 3‑5 
treatment‑related adverse events (OR=1.31; 95% CI: 1.10‑1.54; 
P=0.002) (Fig. 6B) or immune‑mediated adverse events and 
infusion reactions (OR=3.76; 95% CI: 2.28‑6.20; P<0.00001) 
(Fig. 6C). Conversely, compared with chemotherapy alone 

group, succumbing to drug‑related events (OR=0.85; 95% CI: 
0.46‑1.59; P=0.62) (Fig. 6D) was not statistically significant 
in pembrolizumab plus chemotherapy group, regardless of 
succumbing to immune‑mediated events (OR=0.99; 95% 
CI: 0.14‑7.04; P=0.99) (Fig. 6E) or the occurrence of treat‑
ment‑related adverse events (OR=0.93; 95% CI: 0.26‑3.39; 
P=0.92) (Fig. 6F).

Publication bias. Funnel plots (Fig. 7) were chosen to estimate 
publication bias in the present study, and no obvious bias was 
observed. No significant publication bias was also identified 
through the Egger tests (P=0.394).

Discussion

A variety of targeted drugs targeting the programmed cell 
death protein 1 (PD‑1)/PD‑L1 pathway have successfully 
entered clinical trials (22‑26). Among them, pembrolizumab, as 
a representative, has been approved by the FDA for marketing, 
and has obtained corresponding indications in melanoma and 
non‑small cell lung cancer (27‑30). As it has been reported, 

Figure 1. Flow diagram depicting the strategies of meta‑analyses.

https://www.spandidos-publications.com/10.3892/ol.2024.14504
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advanced GC/GEJC obtain a poor prognosis, one of the 
reasons being the poor effect of current drugs (31). The appli‑
cation of pembrolizumab in GC/GEJC opens a new chapter 
of prognosis. However, there is an urgent need to investigate 
the side effects and effectiveness of pembrolizumab alongside 
chemotherapy.

In review of 4 randomized controlled trials (18‑21), the 
result of the present meta‑analysis revealed that the pembro‑
lizumab plus chemotherapy group had improved OS than the 
chemotherapy alone group, but not discovered in RR and CR. 
According to the trial by Reck et al (32), PD‑L1 may be a 
significant biomarker for predicting pembrolizumab response 
in solid tumors. Thus, it suggests that pembrolizumab may 
have a more favorable curative outcome for patients with 
PD‑L1 CPS ≥1 and PD‑L1 CPS ≥10. The meta‑analysis 
verified that the pembrolizumab plus chemotherapy group 
had superior RR and CR than the chemotherapy alone group 
in patients with PD‑L1 CPS ≥1 and PD‑L1 CPS ≥10. The 
difference in OS, RR and CR between PD‑L1 positive and 
negative patients could not be compared. However, the CR 
was not significantly different between the pembrolizumab 
plus chemotherapy group and chemotherapy alone group.

The most common treatment‑related adverse effects asso‑
ciated with pembrolizumab are fatigue, decreased appetite and 
nausea; in most cases they are resolved without or with minimal 
treatment (33,34). The results of the present meta‑analysis 
revealed that compared with chemotherapy alone group, the 
occurrence of treatment‑related adverse events was not statisti‑
cally significant in pembrolizumab plus chemotherapy group, 
regardless of succumbing to drug‑related events. The most 
common grade 3‑5 treatment‑related adverse events occurring 
are fatigue, diarrhea and anemia, which have great influence 
on patients. The results of the current meta‑analysis revealed 
that the occurrence of grade 3‑5 treatment‑related adverse 
events was higher in pembrolizumab plus chemotherapy group 
than in chemotherapy alone group; the same result occurred in 
the occurrence of treatment‑related adverse events leading to 
discontinuation.

Immune checkpoint inhibitors, which enhance the 
capacity of the immune system to eliminate cancer cells, have 
revolutionized cancer immunotherapy by focusing on the 
PD‑1 pathway. But because of the way these treatments work, 
there is a unique set of difficulties associated with this novel 
strategy. Specifically, immune‑related adverse events may 
result from these therapies. Skin, gastrointestinal tract, liver, 
endocrine system and lungs are the most frequently affected 
organ systems by adverse events (35). The efficacy of treatment 
is influenced by these side effects (36,37). The meta‑analysis 
revealed that the pembrolizumab plus chemotherapy group 
experienced more immune‑mediated adverse events and infu‑
sion reactions than the chemotherapy alone group. However, 
the frequency of drug‑related deaths and immune‑mediated 
deaths did not differ statistically significantly between the 
two groups. New side effects caused by pembrolizumab, such 
as delayed immune‑related hepatitis (35), aplastic anemia (38) 
and severe mucositis  (39), continue to emerge. Therefore, 
the side effects of pembrolizumab require continuous atten‑
tion. The development of an aptamer against the target can 
mitigate these negative effects. Compared with typical anti‑
bodies, aptamers have several benefits, including increased 
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specificity, decreased immunogenicity and flexible design 
for fewer side effects. Aptamers are particularly designed to 
target and disrupt receptor‑ligand or protein‑protein interac‑
tions that are involved in immune checkpoint pathways (40).

The present study also has certain limitations. First, 
it is a meta‑analysis based on published literature, which is 

susceptible to publication bias. Second, the number of included 
trials in the present meta‑analysis was only four; but all are 
high‑quality multicenter randomized trials. Third, there are 
still insufficient relevant research projects on progression‑free 
survival, alleviating progression symptoms and enhancing 
quality of life. In the future, it is expected that a more in‑depth 

Figure 2. Risk of bias graph and risk of bias summary.

https://www.spandidos-publications.com/10.3892/ol.2024.14504
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stratified analysis can be conducted to identify the efficacy 
and safety of pembrolizumab plus chemotherapy versus 
chemotherapy alone for patients with advanced GC/GEJC. 
In conclusion, it was revealed that in treating advanced 
GC/GEJC, pembrolizumab plus chemotherapy had improved 
therapeutic efficacies than chemotherapy alone, as evidenced 
by the significantly longer OS. Furthermore, the patients 
in PD‑L1 CPS ≥1 subgroupand PD‑L1 CPS ≥10 subgroup 

appeared to benefit from pembrolizumab plus chemotherapy 
treatment because of higher RR and CR. However, when 
compared with the chemotherapy group, the pembrolizumab 
plus chemotherapy group experienced a higher frequency 
of immune‑mediated adverse events, infusion reactions and 
treatment‑related adverse events that resulted in treatment 
discontinuation. These side effects should be given more 
consideration.

Figure 4. Forest plot of the response rate. CPS, combined positive score; CI, confidence interval.

Figure 3. Forest plot of the overall survival rates. CPS, combined positive score; CI, confidence interval.

Figure 5. Forest plot of complete responses rate. CPS, combined positive score; CI, confidence interval.
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