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  Abstract 
Objective: Gastric cancer (GC) is one of the most important upper gastrointes-
tinal malignancies worldwide. Anti-tumor effect of PD-1/PD-L1 inhibitor alone 
is insufficient, furthermore its combination chemotherapy provides a new direc-
tion. To analyze the effectiveness and safety of combination therapy of 
PD-1/PD-L1 inhibitor combined with CHEMO in regimens of advanced gastric 
carcinoma (GC). Chinese and English databases were searched to collect clini-
cal randomized controlled trials (RCTs) of PD-1/PD-L1 inhibitors combined 
with CHEMO in therapy of advanced carcinoma GC/ gastroesophageal junction 
cancer (GEJC). Combined group ORR (OR=2.63, 95%CI: 1.47~4.68) and DCR 
(OR=2.42, 95%CI: 1.07~5.51) higher than the control group, FPS (HR=0.71, 
95%CI: 0.65~0.77) and OS (HR=0.80, 95%CI: 0.73~0.86) showed a signifi-
cantly better condition than control group. The occurrence rate of grade 3-5 un-
toward effects in the combination group showed a higher data than control 
group, OR=1.24 (95CI: 1.03, 1.49). PD-1/PD-L1 inhibitor combined with 
CHEMO can promote the treatment effect in advanced GC and build up the 
medical forecast of patients, but it can increase the incidence of serious adverse 
reactions. 
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Introduction 

Gastric cancer (GC) is one of the most important upper gastrointestinal malignancies worldwide. The data re-
leased by IARC in 2020 showed that gastric carcinoma is ranked fifth in the occurrence rate of malignant tumors 
and fourth in death rate in the world [1]. Advanced gastric cancer has poor prognosis, short overall survival time, 
high recurrence risk [2]. How to improve disease control rate, delay disease progression, and prolong patient sur-
vival time is the focus of clinical attention. Immunotherapy occupies an important position in the treatment of solid 
tumors and is considered to be the fourth largest anti-tumor treatment option. In recent years, its application in re-
gimens of advanced gastric carcinoma has increased rapidly. Representative drugs are immune checkpoint inhibi-
tors (ICIs).A larger percentage of Gastric cancer or gastroesophageal junction cancer have over expressed pro-
grammed death factor 1 (PD-1) and its ligand-1 (PD-L1) [3]. The application of L1 inhibitors provides possibility. 
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Keytruda has been approved by the FDA for the regimen of advanced gastric carcinoma, and nivolumab and ave-
lumab have also been confirmed by studies [4-5]. Nevertheless, anti-tumor effect of PD-1/PD-L1 inhibitor alone is 
insufficient, furthermore its combination chemotherapy provides a new direction [6]. Nonetheless, there is currently 
a lack of evidence so as to probe into effectiveness and security for combination regimen PD-1/PD-L1 inhibitor and 
CHEMO. The summary is as follows. 

1. Materials and methods 
1.1 Literature inclusion criteria 

(1) Study design: randomized controlled trial (RCT); (2) Study subjects: patients with advanced/advanced or re-
current GC/GEJC, gastric cancer confirmed by histological examination; (3) Treatment regimen: PD-1/PD-L1 
pathway inhibitors combined with chemotherapy were used in the combined group, while chemotherapy alone was 
used in the control group, and the chemotherapy regimen was the same in both groups; (4) At least one of the fol-
lowing outcome measures was described: objective response rate (ORR); disease control rate (DCR); progres-
sion-free survival (PFS); overall survival (OS); incidence of serious adverse reactions, that is, the incidence of 
grade 3-5 adverse reactions. 

1.2 Literature exclusion criteria 

(1) adjuvant therapy or translational therapy studies; (2) repeated reports for the same study population, which 
are included in the literature with the largest sample size; (3) animal experiments; (4) literature review studies, con-
ference reports; (5) literature with incomplete data results; (6) low-quality literature; (7) literature published in lan-
guages other than Chinese and English. 

1.3 Literature search 

Chinese and English electronic databases were searched, including Chinese Journal Full-text Database (CNKI), 
Wanfang Database and VIP Database, and English databases included PubMed, Web of Science, Embase, SinoMed 
and Cochrane Library. The search period was from January 2015 to March 2022. Keywords provided in Chinese: 
PD-1/PD-L1 inhibitor; pembrolizumab; nivolumab; adalimumab; chemotherapy; gastric cancer. English search 
terms: PD-1/PD-L1 inhibitor; pembrolizumab; nivolumab; avelumab; chemotherapy; gastric cancer. So MeSH re-
lated terms, subject headings combined with free words. 

1.4 Literature screening and data extraction 

Two investigators independently performed literature screening and data extraction for the included articles, 
which were resolved by negotiation when there were disagreements. Data collection forms were developed, and the 
extracted data included authors, publication years of the literature, sample size, PD-1/PD-L1 inhibitor drugs and 
medication regimens, chemotherapy regimens, and outcome measures. 

1.5 Literature quality evaluation 

The modified Jadad scale was used to evaluate the literature quality, including random sequence generation, ab-
normal allocation, blinding, withdrawal and withdrawal, with a maximum of 7 points; those with ≥ 4 points were 
high-quality literatures. 

1.6 Statistical analysis methods Stata15 

Software was used for data analysis. Odds ratio (OR) was used as the effect statistic for categorical measures 
(ORR, DCR, and incidence of serious adverse reactions) to calculate 95% CI; hazard ratio (HR) was used as the 
effect statistic for survival data (PFS and OS). Cochrane Q test was used for literature heterogeneity analysis, com-
bined with I2 value for analysis. Fixed effect model was used for meta-analysis for outcome measures with P > 0.1 
and I2 < 50%; random effect model was used for meta-analysis for outcome measures with P < 0.1 and I2 > 50%. 
Publication bias was calculated using Egger's test and funnel plots were plotted. 

2. Results 
2.1 Literature screening process and basic characteristics of the included literatures 

A total of 7 literatures that met the inclusion and exclusion criteria were included in this study. Seven literatures 
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were published from 2019 to 2022, including 5 English literatures and 2 Chinese literatures; the cumulative sample 
sizes of combined group and control group were 1993 and 1985, respectively; PD-1/PD-L1 inhibitors were pem-
brolizumab and nivolumab, 5 pembrolizumab and 2 nivolumab; Jadad score was 4 ~ 7 points, and 5 literatures were 
7 points. The basic characteristics of the included articles are shown in Table 1. 

Table 1. Basic characteristics of the included literature 

Author Year Sample 
Size(S/C) 

PD-1 
Inhibitor Chemotherapy Regimen Outcome 

Measures 
Jadad 
Score 

GL Zheng 2021 40/40 Pabrolizumab 5-FU + oxaliplatin  4 

K Shitara 2019 257/250 Pabrolizumab 5-FU + cisplatin  7 

YY Janjigian 2021 789/792 Nabumetumab Capecitabine + oxaliplatin per or folinic 
acid + fluorouracil + oxaliplatin  7 

YK Kang 2020 362/362 Nabumetab S-1 + oxaliplatin or capecitabine + oxa-
liplatin 

 
 7 

YY Janjigian 2021 133/131 Pabrolizumab 5-FU + cisplatin or capecitabine and + 
oxaliplatin  7 

JM Sun 2021 370/370 Pabrolizumab 5-FU and cisplatin  7 

JS Wang 2022 42/40 Pabrolizumab Capecitabine + oxaliplatin  
 

5 

2.2 Meta-analysis results 

2.2.1 ORR and DCR 
Four articles described ORR, and there was heterogeneity among the articles (I2 = 72.8%, P = 0.012), and the 

results of random-effects model analysis showed that the ORR in the combined group was significantly higher than 
that in the control group (OR = 2.63, 95% CI: 1.47 ~ 4.68), as shown in Figure 1. Three articles described DCR 
(one was excluded because the DCR was 100% in both groups), and there was no heterogeneity among the articles 
(I2 = 0.0%, P = 0.415), and the results of fixed effects model analysis showed that the DCR in the combined group 
was significantly higher than that in the control group (OR = 2.42, 95% CI: 1.07 ~ 5.51), as shown in Figure 2. 

 
Figure 1. Meta-analysis results of ORR. 
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Figure 2. Meta-analysis results of DCR. 

2.2.2 PFS and OS 
Four articles described PFS without heterogeneity between articles (I2 = 0.0%, P = 0.404), and the results of 

fixed effects model analysis showed that FPS in the combined group was significantly better than that in the control 
group (HR = 0.71, 95% CI: 0.65 ~ 0.77), as shown in Figure 3. OS was described in 5 articles, with no heterogene-
ity among articles (I2 = 0.0%, P = 0.499), and the results of fixed effects model analysis showed that OS in the 
combined group was significantly better than that in the control group (HR = 0.80, 95% CI: 0.73 ~ 0.86), as shown 
in Figure 4. 

 
Figure 3. Meta-analysis of PFS. 
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Figure 4. Meta-analysis of OS. 

2.2.3 Incidence of grade 3-5 adverse reactions 
Five literatures described the occurrence of grade 3-5 adverse reactions, with heterogeneity between studies (I2 = 

64.8%, P = 0.023). The results of random-effects model analysis showed that the incidence of grade 3-5 adverse 
reactions in the combined group was significantly higher than that in the control group (OR = 1.51, 95% CI: 1.32 ~ 
1.73). See Figure 5. 

 
Figure 5. Meta-analysis of Grade 3-5 adverse reaction rate. 
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2.3 Sensitivity Analyses 

Sensitivity analysis was performed for ORR, PFS, OS, and the incidence of grade 3 ~ 5 adverse reactions, and 
meta-analysis was performed again by removing the literature with the highest proportion, and the results showed 
that OR = 3.65 (95CI: 2.44, 5.48) for ORR, HR = 0.74 (95% CI: 0.66 ~ 0.82) for PFS, HR = 0.83 (95% CI: 0.75 ~ 
0.91) for OS, and OR = 1.24 (95CI: 1.03, 1.49) for the incidence of grade 3 ~ 5 adverse reactions, and the conclu-
sions of the above outcome measures did not change significantly, suggesting that the results were stable. 

2.4 Publication Bias 

The results of Egger's test showed that there was no significant publication bias in ORR, DCR, PFS, HR and in-
cidence of grade 3-5 adverse reactions (P > 0.05). Funnel plots of ORR, PFS, HR and grade 3-5 adverse reactions 
were shown in Figure 6, Figure 7, Figure 8 and Figure 9. Because there were few literatures, it was not easy to 
judge the symmetry of funnel plots. 

 
Figure 6. ORR Funnel Plot. 

 
Figure 7. PFS Funnel Plot. 
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Figure 8. OS funnel plot. 

 
Figure 9. Funnel plot of grade 3-5 adverse reactions. 

3. Discussion 
In recent years, the indications of ICIs in malignant solid tumors have rapidly increased [7], providing a new op-

tion for the treatment of advanced/advanced gastric cancer. PD-1 is expressed in a variety of immune cells includ-
ing macrophages, B cells, NK cells, and can inhibit T cell immune responses after activation by PD-L1 or PD-L2. 
PD-1/PD-L1 inhibitors target and regulate the PD-1/PD-L1 signaling pathway, induce MHC to rebind to the T cell 
antigen receptor (TCR), activate T cells and exert immunosuppressive effects on tumor cells, thereby inhibiting 
tumor growth, invasion and metastasis. 

Pembrolizumab has been used in a variety of malignancies with promising anti-tumor activity. The Phase 1b 
clinical study KEYNOTE-012 preliminary affirmed the value of pembrolizumab in advanced GC/GEJC [8], and 8 
of 32 patients (25.0%) included in this study achieved partial radiographic response and 17 patients (53.1%) 
achieved tumor regression after pembrolizumab monotherapy in 32 patients with advanced GC/GEJC. The Phase 3 
study KEYNOTE-061 compared pembrolizumab with paclitaxel as second-line therapy for advanced/metastatic 
GC/GEJC [9] and included 576 patients, which showed that pembrolizumab did not significantly prolong OS in 
patients with PD-L1 integrated positive score (CPS) ≥ 1, but significantly prolonged OS in patients with CPS ≥ 10, 
with a median OS of 10.4 months in the pembrolizumab group and 8.0 months in the paclitaxel group, while OS 
was longer in the paclitaxel group in patients with CPS < 1. The above results suggest that pembrolizumab has a 
high application value in advanced GC/GEJC with high CPS. Nivolumab has also been well studied in the treat-
ment of advanced/advanced gastric cancer. In the ATTRACTION-02 study, a Phase 3 clinical study in Asian pa-
tients with advanced gastric cancer [10], 80% of the included patients had received three or more lines of treatment, 
and the follow-up results showed that the median OS was significantly longer in the nivolumab group than in the 
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placebo group (5.26 months vs.4.14 months), and the 1-year survival rate and 2-year survival rate were also signif-
icantly higher (1-year: 27.3% vs. 11.6%, P < 0.05; 2-year 10.6% vs. 3.2%, P < 0.05). Based on the above studies, 
Nivolumab is approved for the treatment of advanced unresectable gastric cancer/recurrent gastric cancer in Japan 
and other countries. Avastumab was approved for CG/GEJC in Europe in 2017, but RCTs of its combination with 
chemotherapy for CG/GEJC are lacking. The literatures included in this study were pembrolizumab/nivolumab 
combination chemotherapy. Meta-analysis showed that compared with chemotherapy alone, the combination regi-
men could improve ORR and DCR, prolong PFS and OS, suggesting that pembrolizumab/nivolumab combination 
chemotherapy could improve the short-term efficacy of advanced/advanced gastric cancer, promote disease control, 
inhibit disease progression and prolong survival time. 

From the literature included this time, the combined use of PD -1/PD-L1 pathway inhibitors has a minor impact 
on the development of chemotherapy, but it can increase the incidence of serious adverse reactions. The toxicities 
of PD--1/PD-L1 pathway inhibitors are mainly derived from immune system activation, which can involve multiple 
tissues and organs throughout the body. The overall incidence of adverse reactions is lower than that of chemothe-
rapy alone, and most of them can subside spontaneously. However, combination chemotherapy may increase ad-
verse reactions and may also increase the risk of death due to adverse reactions [11]. This study showed that the 
incidence of grade 3-5 adverse reactions was significantly increased in the combined group compared with the con-
trol group treated with chemotherapy alone. In the literature included in this study, the results reported by YY Janji-
gian and YK Kang showed that the incidence of grade 3-5 adverse reactions was significantly increased when PD 
-1/PD-L1 pathway inhibitors were combined with chemotherapy. In YY Janjigian's study, 16 patients (2%, 16/789) 
died due to toxicity in the combination group and 4 patients (0.5%, 4/792) died due to toxicity in the chemotherapy 
alone group, suggesting that there may be a high risk of the combination. The above results suggest that 
PD-1/PD-L1 pathway inhibitors combined with chemotherapy can increase the risk of serious adverse reactions, 
and the combination regimen should be used carefully in clinical practice to screen patients with good tolerance, 
closely monitor adverse reactions during treatment, and deal with them in a timely manner. For adverse reactions 
associated with PD -1/PD-L1 pathway inhibitors, antihistamines and glucocorticoids can be given to patients with 
skin reactions such as pruritus and dermatosis, steroids can be given to patients with severe oral mucositis, immu-
nosuppressive therapy or steroids can be given to patients with immune-related pneumonia, and infliximab can be 
given to patients with severe colitis [12-13]. Overall, although the combination increases the risk of serious adverse 
reactions, it significantly prolongs PFS and OS, allows patients to achieve a large benefit, and the benefits and risks 
are acceptable. 

In summary, PD-1/PD-L1 pathway inhibitors combined with chemotherapy can improve the short-term efficacy, 
prolong progression-free survival and overall survival of advanced/advanced gastric cancer, but can increase the 
incidence of serious adverse reactions. In clinical practice, it is necessary to determine whether to give combined 
regimen according to the patient's tolerance, PD-L1 expression level and economic situation, closely monitor the 
adverse reactions during the treatment and perform early treatment. This study has some limitations, which are 
mainly reflected in the following aspects: (1) the included literatures are few, and the total sample size is insuffi-
cient; (2) only the Chinese and English literatures are included, and the representativeness may be insufficient, (3) it 
fails to investigate which chemotherapy regimen PD -1/PD-L1 pathway inhibitor combined with has the best effect 
and safety, which needs to be further analyzed by RCT. 
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