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Abstract. Gastric cancer is one of the most common types
of cancer; notably, gastric cancer is one of the top five malig‑
nancies with regards to incidence and mortality rates. The
symptoms of early gastric cancer are not typical, exhibiting
only slight upper abdominal discomfort. When the symptoms
become more obvious, the lesion has usually progressed
to an advanced stage. Notably, >90% of inpatients already
have locally advanced or metastatic gastric cancer at the
time of initial diagnosis, with limited treatment options for
advanced gastric cancer. These options include chemotherapy,
targeted therapy and immune checkpoint inhibitors (ICIs).
With regards to ICIs, the clinical benefit of monotherapy for
advanced gastric cancer is limited; however, combinations of
ICIs and other therapies may have clinical benefit. Relevant
clinical studies have demonstrated that combinations of ICIs
with chemotherapy, anti‑vascular targeted therapy or other
molecular targeted therapies, and the use of two ICIs, improve
outcomes for patients with advanced gastric cancer. This article
is a review of progress in the use of ICIs in combination with
other therapies for the treatment of gastric cancer. The purpose
of this article was to advance gastric cancer immunotherapy
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and to improve the overall therapeutic benefit for patients with
advanced gastric cancer.
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1. Introduction
Gastric cancer is one of the most common malignancies,
which seriously endangers patient health. In 2018, there were
1,033,701 new cases and 782,685 deaths due to gastric cancer
worldwide (1). The symptoms of early gastric cancer are minor
and usually not easily detected; thus, >90% of inpatients with
gastric cancer already have locally advanced or metastatic
gastric cancer at the time of initial diagnosis, displaying a
poor prognosis (2). Treating advanced gastric cancer is diffi‑
cult, which is the main reason underlying the high mortality
rate for gastric cancer. At present, the first‑line treatment for
advanced gastric cancer is chemotherapy based on platinum
drugs and 5‑fluorouracil (5‑Fu) (3). In addition, trastuzumab
has been approved for first‑line treatment of patients with
human epidermal growth factor receptor‑2 (HER‑2)‑positive
gastric cancer (4). The vascular endothelial growth factor
(VEGF)‑targeted drug, ramucirumab, has also been approved
for patients with advanced gastric cancer, for whom first‑line
treatment protocols have failed. Although there are numerous
treatment options for gastric cancer, the overall survival rate
for gastric cancer is only ~20% worldwide (5,6).
With increased understanding of the tumor microenviron‑
ment and immune targets, immune checkpoint inhibitors (ICIs)
have gradually become a novel treatment method. Immune
checkpoint molecules include programmed death protein 1
(PD‑1)/programmed death ligand 1 (PD‑L1) and cytotoxic T
lymphocyte‑associated protein 4 (CTLA‑4). These molecules
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negatively regulate T‑cell activation, such that elimination
of their function enhances the immune response, thereby
improving the objective response rate (ORR) of patients with
cancer (7). ICIs mainly produce anti‑tumor effects by blocking
PD‑1/PD‑L1 or CTLA‑4 pathways (7). Various PD‑1/PD‑L1
pathway inhibitors have been approved by the US Food and
Drug Administration (FDA) for the treatment of advanced
non‑small cell lung cancer, renal carcinoma, melanoma and
other malignant tumors (8). PD‑1/PD‑L1 pathway inhibitors,
such as pembrolizumab and nivolumab, have effects against
advanced gastric cancer; however, as monotherapies they have
poor efficiency (9‑11).
To circumvent this low efficiency, combined treatment
with ICIs and other treatment methods has been considered for
clinical gastric cancer benefit. At present, a number of clinical
trials of combined immunotherapy are ongoing or have
reached their endpoints. Clinical trials can provide evidence
for follow‑up clinical application, the purpose of which
would be to provide more clinical treatment options and more
possibilities for improved overall patient treatment benefit.
ICI combined treatment programs aim to solve the problem
of limited treatment options for advanced gastric cancer, and
clinical trials have been conducted to observe the clinical
effectiveness and safety of ICI combined treatment programs.
Results of clinical trials have suggested that the combination
of ICIs with chemotherapy, anti‑vascular targeted therapy
or anti‑HER‑2 targeted therapy, and dual ICIs, may improve
clinical treatment efficiency of patients with advanced gastric
cancer. Clinical trials combining ICIs and radiotherapy for the
treatment of advanced gastric cancer are also ongoing. The aim
of this article was to review the latest advances in the use of
ICIs in combination therapy for advanced gastric cancer, and
to explore outstanding issues regarding such treatments.
2. ICIs and chemotherapy
In recent years, it has been found that traditional chemotherapy
drugs may have an effect on the regulation of the immune
pattern. For example, chemotherapy drugs have been reported
to enhance the antigenicity of tumor cells (cyclophosphamide,
gemcitabine, platinum and paclitaxel) (12) and to enhance
sensitivity of tumor cells to immune effector cells (paclitaxel,
cisplatin and doxorubicin) (13). Chemotherapy drugs can
affect the immune system with direct effects on cytotoxic
lymphocytes (paclitaxel, doxorubicin and cisplatin) and elimi‑
nation of immunosuppressive cells (paclitaxel, gemcitabine
and 5‑Fu) (14). On the one hand, traditional chemotherapy
drugs can enhance the patients' anti‑tumor immune response
through the aforementioned mechanisms. On the other hand,
ICIs can also increase the sensitivity to chemotherapy by
enhancing the anti‑tumor immune response; ICIs can further
eliminate tumor cells that have become resistant after chemo‑
therapy. Therefore, the combination of ICIs with chemotherapy
drugs for anti‑tumor therapy may present clinical benefits. The
relevant clinical trials are described below.
The KEYNOTE‑059 trial (NCT02335411) evaluated the
efficacy of pembrolizumab combined with cisplatin and 5‑Fu
as a first‑line treatment for patients with HER‑2‑negative
gastric cancer. Cohort 2 enrolled 25 patients that underwent
the pembrolizumab + cisplatin + 5‑Fu regimen. The ORR

was 60.0% and median progression‑free survival (PFS)
was 6.6 months (15,16). Cohort 3 enrolled 31 patients that
underwent the single‑agent pembrolizumab treatment plan.
The ORR was 25.8% and median PFS was 3.3 months (17).
Cohorts 2 and 3 of this trial obtained encouraging results,
which indicated the obvious advantages of pembrolizumab
combined with chemotherapy in the treatment of advanced
gastric cancer (Table I).
The KEYNOTE‑062 clinical trial (NCT02494583) is a
phase III study of locally advanced, unresectable or metastatic
gastric cancer. The patients were randomly divided into three
treatment groups: Pembrolizumab (200 mg q3w) (referred to
as Group P), pembrolizumab (200 mg q3w) + chemotherapy
(referred to as Group P + C), and placebo + chemotherapy
(referred to as Group C). The chemotherapy regimen was fluo‑
rouracil + cisplatin. Among patients with a combined positive
score ≥1, the median overall survival (OS) of the three groups
was 10.6, 12.5 and 11.1 months, respectively, and the median
PFS was 2.0, 6.9 and 6.4 months, respectively. There was a
degree of PFS benefit in Group P + C, but the difference in
median OS was not statistically significant, thus indicating
that the overall benefit for the combined treatment regimen
was limited (18).
The ATTRACTION‑04 Trial (NCT02746796) is a
phase II/III clinical trial, which compared nivolumab + S‑1 +
oxaliplatin (SOX) and nivolumab + capecitabine + oxaliplatin
(CapeOX) as first‑line treatments for HER2‑negative advanced
gastric cancer/gastroesophageal junction cancer. The results
revealed that the ORR for the Nivolumab + SOX group was
67% and was 71% for the Nivolumab + CapeOX group. The
PFS for the Nivolumab + SOX group was 9.9 month, whereas
the PFS for the nivolumab + CapeOX group was 7.1 months.
An early objective response was observed in >2/3 of the
patients. In addition, <10% of patients discontinued treat‑
ment due to treatment‑related adverse events. There were no
treatment‑related deaths or new adverse reactions detected in
the study (19) (Table Ⅰ).
At the 2019 American Society of Clinical Oncology
(ASCO) annual meeting, there were two studies from China
regarding HER2‑negative advanced gastric cancer. One was a
phase Ib trial of sintilimab combined with a CapeOX regimen
as first‑line treatment for advanced gastric adenocarcinoma.
The results revealed that the ORR was 85%, the disease control
rate (DCR) was 100% and a median PFS was not reached, with
no lethal adverse reactions (20). Another was a phase II trial of
first‑line treatment for advanced gastric adenocarcinoma with
camrelizumab and a CapeOX regimen. The results showed
that the ORR was 65%, the median PFS was not reached and
adverse reactions were controllable (21).
Overall, progress with combinations of ICIs and chemo‑
therapy for advanced gastric cancer has been relatively slow.
Results of some clinical trials have not been satisfactory; this
is likely due to the gastric cancer tumor cell type and the
corresponding tumor microenvironment. Numerous trials
of combined ICIs with chemotherapy for advanced gastric
cancer are currently underway, including the Checkmate649
trial (NCT02872116; Table I), the KEYNOTE‑585 trial
(NCT03221426; Table Ⅱ), and the ATTRACTION‑05 trial
(NCT03006705) (22,23). Future studies will optimize the
treatment sequence, dose intensity and will combine ICIs with
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Table I. Clinical trials of immune checkpoint inhibitor combined therapy for gastric cancer (1st line therapy).
Clinical trial

Stage

NCT02335411 Cohort 2
2
NCT02746796
2/3
NCT03382600
2b
		
NCT03409848
2
		
NCT02872116
2
		
		
NCT03342937
2

Combination therapy

Efficacy

P + CF
A, N + SOX; B, N + CapeOX
A, P + oxaliplatin + S‑1; B, P +
cisplatin + S‑1
A, Trastuzumab + N + I;
B, Trastuzumab + N + mFOLFOX6
A, N + I followed by N; B, CapeOX;
C, FOLFOX; D, N + CapeOX;
E, N + FOLFOX
P + Cape OX

ORR, 60%; PFS, 6.6 m; OS, 13.8 m
A, ORR, 67%; PFS, 9.9 m; B, ORR, 71%; PFS, 7.1 m
ORR (ongoing)
OS (ongoing)
OS (ongoing)
PFS (ongoing)

OS, overall survival; PFS, progression‑free survival; m, months; ORR, objective response rate; P, pembrolizumab; N, nivolumab; I, ipilimumab;
CF, cisplatin + 5‑fluorouracil; CapeOX, capecitabine + oxaliplatin; FOLFOX/mFOLFOX6, oxaliplatin + 5‑fluorouracil + tetrahydrofolic acid.

Table II. Clinical trials of immune checkpoint inhibitor combined therapy for gastric cancer (perioperative therapy).
Clinical trial
NCT03221426
NCT03488667
NCT02918162
NCT03257163

Stage

Combination therapy

Efficacy

3
2
2
2

A, P + XP; B, Placebo + XP; C, P + FLOT; D, Placebo + FLOT
P + mFOLFOX6 before and after surgery
A, Chemotherapy + P before and after surgery; B, P maintenance
A, P before surgery; B, P + capecitabine after surgery

OS and pCR (ongoing)
ypRR (ongoing)
24 m DFS (ongoing)
RFS (ongoing)

OS, overall survival; pCR, pathological complete response; ypRR, response rate after neoadjuvant therapy; DFS, disease‑free survival; RFS,
recurrence‑free survival; m, months; P, pembrolizumab; XP, capecitabine + cisplatin; FLOT, docetaxel + oxaliplatin + 5‑fluorouracil + tetrahy‑
drofolic acid; mFOLFOX6, oxaliplatin + 5‑fluorouracil + tetrahydrofolic acid.

different chemotherapy regimens. Furthermore, it is possible
to combine ICIs with chemotherapy, as well as translational
therapy or neoadjuvant therapy for gastric cancer. In general,
it is necessary to identify the most suitable combination of
ICIs with chemotherapy to provide more effective options for
clinical treatment of patients of gastric cancer.
3. Anti‑CTLA‑4 antibody and anti‑PD‑1/PD‑L1 antibody
The CTLA‑4 and PD‑1/PD‑L1 signaling pathways can
inhibit different aspects of the anti‑tumor T‑cell response.
The CTLA‑4 signaling pathway can block the costimulatory
signal of T cells, thereby inhibiting the expansion and activa‑
tion of T cells in lymph nodes. The combination of PD‑1 and
PD‑L1 can induce T cells to lose their anti‑tumor effect, thus
producing immune tolerance (24). The combined application
of CTLA‑4 and PD‑1/PD‑L1 blocking antibodies has been
reported to fully release the killing function of T cells during
the initial and effector stages, avoiding the phenomenon of
‘tumor escape’ (24). Therefore, the combination of two types
of ICIs may result in higher survival benefits for patients with
advanced gastric cancer than the use of one ICI alone.
The Checkmate032 trial is an open phase I/II clinical
study designed to evaluate the efficacy of the combination
of nivolumab (anti‑PD‑1) and ipilimumab (anti‑CTLA‑4) for

the treatment of advanced solid tumors, including advanced
gastric cancer. A total of 160 patients with advanced gastric
cancer were randomly divided into three treatment groups:
Nivolumab (3 mg/kg) (N3 group), nivolumab (1 mg/kg) + ipili‑
mumab (3 mg/kg) (N1 + I3 group), and nivolumab (3 mg/kg) +
ipilimumab (1 mg/kg) (N3 + I1 group). The results revealed
that the ORRs of the three groups were 12, 24 and 8%, respec‑
tively. Regardless of the tumor PD‑L1 expression status, the
patients responded to treatment. Patients who were positive for
PD‑L1 exhibited a higher response rate. The 12‑month PFS
rates were 8, 17 and 10%, respectively. The N1 + I3 group had
an ORR of 24%, a DCR of 40% and an OS of 6.9 months.
Hence, the combined treatment of nivolumab (1 mg/kg) +
ipilimumab (3 mg/kg) had a long‑lasting anti‑tumor effect
for the treatment of advanced gastric cancer, in that the OS
of patients was prolonged (25,26). These encouraging results
provide evidence for the clinical application of combination
therapy and provide new possibilities for clinical treatment of
refractory advanced gastric cancer. The phase III study of this
clinical trial is currently ongoing, and the results are worth
looking forward to.
NCT02340975 is a randomized, multicenter, open‑label,
phase 1b/2 study, which assessed durvalumab (anti‑PD‑L1)
and tremelimumab (anti‑CTLA‑4) in combination or as mono‑
therapies for the treatment of chemotherapy‑refractory gastric
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cancer. Response rates were low regardless of monotherapy
or combination strategies (27). Although the preliminary
observations did not detect an obvious benefit of the combined
treatment regimen for patients with advanced gastric cancer,
the overall safety profiles still provide support for the study
of dual ICI combination therapy. This approach could be a
new strategy for the treatment of refractory advanced gastric
cancer.
In summary, the combination of two ICIs for the treatment
of advanced gastric cancer may resolve the problem of low
objective efficiency associated with monotherapy. At present,
there is little clinical evidence for dual‑immune treatment
of advanced gastric cancer. Attention needs to be paid to
relevant clinical research survival data, in order to determine
whether dual‑immune treatment of advanced gastric cancer
can be applied clinically. In addition, in‑depth analysis of
the molecular basis for the effect of dual ICIs for the treat‑
ment of advanced gastric cancer is essential. In this manner,
a molecular basis for clinical application will be evaluated so
that new therapeutic targets can be explored.
4. ICIs and anti‑vascular targeted therapy
In addition to regulating tumor angiogenesis, the vascular
endothelial growth factor (VEGF) pathway can regulate
the anti‑tumor immune response in a variety of manners:
i) Preventing the maturation of dendritic cells and effector
T cells, as well as inhibiting the function of cytotoxic
T cells (28); ii) VEGF overexpression promotes the recruit‑
ment, differentiation and proliferation of regulatory T cells
(Treg cells) in tumors (29); iii) recruitment of myeloid‑derived
suppressor cells, which inhibit the anti‑tumor response of
effector T cells (30); iv) downregulation of endothelial inter‑
cellular adhesion molecule‑1 in vascular endothelial cells,
preventing the migration of effector T cells into the tumor
stroma (28); and v) VEGF‑induced tumor blood vessels that
produce structural and functional abnormalities, which can
increase intra‑tumor stress and hinder effector T‑cell infil‑
tration (31). The normalization of tumor blood vessels after
anti‑angiogenesis treatment can reduce intra‑tumor pressure,
which is beneficial for the infiltration of immune cells into
tumor tissues, enhancing the anti‑tumor effect of ICIs (32).
The aforementioned mechanism provides a theoretical basis
for the combined application of anti‑vascular targeting drugs
and ICIs.
Ramucirumab. Ramucirumab is a fully human monoclonal
antibody that binds to the extracellular domain of VEGF
receptor and blocks VEGF‑mediated tumor neovasculariza‑
tion. The FDA approved ramucirumab for the treatment of
patients with advanced gastric cancer and adenocarcinoma
of the gastroesophageal junction that have progressed after
previous 5‑Fu or platinum therapy. For the second‑line treat‑
ment of advanced gastric cancer, ramucirumab monotherapy or
ramucirumab combined with paclitaxel improved the survival
of patients. The ORR for monotherapy was only 2.9% (33,34).
Therefore, a treatment plan for ramucirumab combined with
ICIs is theoretically reasonable.
NCT02443324 was a phase Ia/b clinical trial of pembro‑
lizumab combined with ramucirumab for the treatment of

advanced solid tumors. The clinical trial included 28 patients
with advanced gastric cancer or gastroesophageal junc‑
tion cancer. For the trial, the ORR was 25%, the PFS was
5.3 months, and 96% of patients had toxic reactions. No
treatment‑related deaths occurred (35). NCT02999295 is a
phase I/II clinical trial of nivolumab combined with ramu‑
cirumab for the treatment of advanced gastric cancer (36).
The trial included 46 patients with advanced gastric cancer
who had failed first‑line chemotherapy. After 8 months of
follow‑up, 44% of the patients were still receiving treatment,
with a partial response rate of 22%, an ORR of 24.4% and a
DCR of 62.2%. NCT02572687 is a phase Ia/b clinical trial of
durvalumab combined with ramucirumab for the treatment of
patients with advanced gastric or gastroesophageal junction
adenocarcinoma who failed first‑line or multi‑line treatment.
The PRR was 17% (5/29), PFS was 2.6 months and OS was
6.4 months (Table III) (37).
Based on these results, ramucirumab combined with
ICIs was more effective than ramucirumab monotherapy for
the treatment of advanced gastric cancer, with better safety.
However, these results are from phase I/II clinical trials, with a
need for more relevant phase III/IV clinical studies to confirm
results.
Regorafenib. Regorafenib is a multi‑target tyrosine kinase
inhibitor, which can comprehensively act on relevant targets
of tumor angiogenesis, tumor cell proliferation and the tumor
microenvironment, exerting multiple anti‑tumor effects. Until
now, the results of phase II clinical studies have confirmed
the clinical value of regorafenib in the treatment of refractory
advanced gastric cancer, with related phase III clinical studies
planned (38). At ASCO 2019, the Eastern Japan Cancer Center
reported the results of the phase Ib REGONIVO study. This
study explored the efficacy of regorafenib combined with
nivolumab for end‑line treatment of microsatellite‑stable
(MSS) advanced colorectal cancer and gastric cancer. The
study included 25 patients with advanced gastric cancer
with a median PFS of 5.8 months following treatment.
Among them, 11 patients with MSS advanced gastric cancer
were observed to have objective treatment responses. The
ORR of the gastric cancer group was 44% (11/25) (39). The
results of this study indicated that in patients with MSS gastric
cancer, the combined treatment regimen of regorafenib and
nivolumab had good anti‑tumor activity and good safety. This
combined treatment plan is worthy of further investigation in
a larger population to determine optimal dosage, treatment
sequence and advantaged groups.
5. ICIs and anti‑HER‑2 targeted therapy
HER‑2 is a member of the epidermal growth factor receptor
family that contains a transmembrane tyrosine kinase, and is
involved in the regulation of cell proliferation, differentiation
and apoptosis. HER‑2 positve levels are higher in tumor cells
than in non‑tumor cells, with HER‑2 overexpression related
to tumor size, invasiveness and metastasis of gastric cancer,
which affects the OS rate of patients with gastric cancer (40).
A global multi‑center study in 2018 demonstrated that
HER‑2 positive rate was 7.3‑20.2% of patients with gastric
cancer (41).
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Table III. Clinical trials of immune checkpoint inhibitor combined therapy for gastric cancer (late line therapy).
Clinical trial

Stage

Combination therapy

Efficacy

NCT02999295
NCT02572687
NCT02689284
NCT03413397
NCT03453164

1/2
1a/b
2
2
1/2

Ram + N
Ram + D
M+P
P + lenvatinib
N + radiotherapy

PR, 22%; DCR, 59%
ORR, 17%; PFS, 2.6 m; OS, 6.4 m
ORR, 16%; DCR, 54%
ORR (ongoing)
DCR (ongoing)

OS, overall survival; PFS, progression‑free survival; ORR, objective response rate; DCR, disease control rate; PR, partial response; m, months;
D, durvalumab; M, margetuximab; N, nivolumab; P, pembrolizumab; Ram, ramucirumab.

Trastuzumab is an antibody and the first molecularly
targeted drug used to treat advanced gastric cancer. The addi‑
tion of trastuzumab to chemotherapy regimens is currently
the standard first‑line treatment for HER‑2‑positive advanced
or recurrent gastric cancer (42). Trastuzumab can produce
anti‑tumor immune effects through antibody‑dependent
cellular cytotoxicity, antibody‑dependent cellular phago‑
cytosis and complement‑dependent cytotoxicity (43). The
immunoglobulin G1 backbone of trastuzumab is essential
to the immune effects of the drug (44,45). In addition,
it has been demonstrated that the expression of PD‑L1 is
upregulated in tumors resistant to trastuzumab (46). Due to
the capacity of trastuzumab to affect an anti‑tumor immune
response, a synergistic anti‑tumor effect may be produced
in combination with ICIs. The 2019 ASCO annual meeting
announced a single‑center phase II clinical study in which
patients with HER2‑positive advanced gastric cancer
received trastuzumab + CapeOX regimen combined with
pembrolizumab and achieved a median PFS of 11.3 months
with an ORR of 87%. Analysis of circulating tumor DNA
revealed that the median PFS of the population with ERBB2
amplification was significantly improved compared with
that of the population without amplification (14.8 months vs.
7.9 months) (47).
Margetuximab is a novel anti‑HER2 monoclonal antibody.
NCT02689284 combined margetuximab and pembrolizumab
to treat patients with advanced gastric adenocarcinoma who
were HER2‑ and PD‑L1‑positive, with trastuzumab treatment
failure. Among 57 patients with evaluable lesions, ORR was
16% and DCR was 54%. Notably, in patients with tumors
that exhibited HER‑2 amplification (detected with circulating
tumor DNA) and were PD‑L1 positive, ORR and DCR reached
57 and 86%, respectively. In terms of safety, an adverse reac‑
tion rate of grade 3 and above was 13%. No treatment‑related
deaths occurred (48).
The aforementioned results suggested that for patients
with advanced gastric cancer, with HER‑2 amplification
and PD‑L1‑positive tumors, the combination of ICI and
anti‑HER‑2 monoclonal antibody can have high survival
benefits. However, to apply this combined treatment
regimen to clinical practice, more large‑scale, multi‑center,
phase III clinical studies are required. Future studies should
aim to determine a reasonable treatment sequence and dose
intensity while obtaining considerable efficiency and safety
data.

6. ICIs and other molecular targeted therapies
Small molecule tyrosine kinase inhibitors, epigenetic regula‑
tors and other types of molecular targeted drugs mainly affect
the anti‑tumor immune response by regulating the expression
of immune molecules.
The protein encoded by Dickkopf‑1 (DKK1) is involved
in inhibition of the Wnt signaling pathway and maintains the
immunosuppressive effects of the tumor microenvironment.
Notably, DKK1 has been reported to be highly expressed
in various tumor types, including gastric cancer (49). Leap
Therapeutics announced that its anti‑DKK1 antibody, DKN‑01,
in combination with Merck's anti‑PD‑1 antibody, Keytruda®
(pembrolizumab), demonstrated improved outcomes in
patients with advanced gastroesophageal junction and gastric
cancer when the tumors expressed high levels of DKK1
(DKK1‑high). DKK1‑high patients experienced >22 weeks
median PFS and ~32 weeks OS, with a 50% ORR and 80%
DCR in 10 evaluable patients. DKK1‑low patients experienced
~6 weeks median PFS and >17 weeks OS, with a 20% DCR in
15 evaluable patients (50).
An mTOR inhibitor has been reported to downregulate
the expression of PD‑L1 in tumor cells and inhibit the activity
of FOXP3+ Treg cells (51). Histone deacetylase inhibitors
and methylation inhibitors can increase the expression of
natural killer cell‑activating ligands, major histocompatibility
complex class 1 and class II molecules, and proinflammatory
cytokines. Furthermore, MEK inhibitors can downregulate
the expression of immunosuppressive cytokines (IL‑1, IL‑6,
IL‑8, IL‑10 and VEGF) in the tumor microenvironment (52).
The combination of these molecular targeted drugs with ICIs
has the possibility of clinical application in gastric cancer.
Development of related clinical research will provide more
evidence for the effectiveness of broadening the treatment of
advanced gastric cancer.
7. ICIs and other treatments
Radiotherapy has immune‑regulatory effects, which mani‑
fest as activation of tumor antigen‑specific T cells to release
immunomodulatory factors, increased lymphocyte infiltration
into tumors, remodeling of the tumor immune microenviron‑
ment and regulation of the tumor immune phenotype (53‑55).
In addition, radiotherapy can upregulate PD‑L1 expression on
the surface of tumor cells (53‑55). At present, radiotherapy
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is not routinely used for the treatment of gastric cancer, and
the combined application of radiotherapy with ICIs in gastric
cancer has not been reported. However, clinical studies are
ongoing, including a phase I/II clinical study of nivolumab
combined with local radiotherapy for unresectable recurrent
gastric cancer (NCT03453164) (Table III) (56).
Recently, results achieved with combined treatment with
ICIs for other types of tumors have suggested regimens and
immunotherapeutic strategies for gastric cancer. For example,
the results of the CMP‑001‑001 study suggested that patients
with advanced melanoma treated with Toll‑like receptor 9
(TLR‑9) agonists combined with pembrolizumab achieved
objective and durable tumor regression with tolerable treat‑
ment‑related toxicity (57). The oncolytic virus drug T‑VEC
combined with pembrolizumab was used to treat patients with
advanced melanoma, with a tumor response rate of ≤62% (58).
TLR‑9 induces tumor development by affecting the formation
of the tumor microenvironment and is abnormally expressed
by gastric cancer cells (59). Oncolytic viruses have a direct
oncolytic effect and induce the body to initiate anti‑tumor
immunity. Previous studies have reported that a variety of
oncolytic viruses are significantly effective in treating gastric
cancer (60,61). Therefore, the aforementioned two combined
immunotherapy regimens for melanoma may be theoretically
applicable to gastric cancer.

v) Assess possible effective markers for screening of gastric
cancer dominant populations, and predictors of therapeutic
effects. As oncologists, the concept of holistic patient treat‑
ment and management to improve the OS of patients with
advanced gastric cancer should be ensured.

8. Conclusion and perspectives

WSQ and JL contributed to the planning and design of the study.
APD, GHZ and HL were responsible for the literature search.
XXS and WWQ contributed by reading the literature and
writing the manuscript. JG and LBS performed revisions of
the manuscript. All authors have read and approved the final
manuscript.

Gastric cancer is one of the most common malignant
tumors of the digestive system. Because of limited treat‑
ment options for advanced gastric cancer and the low
efficiency of single‑agent ICIs, combined treatment with
ICIs is an attractive strategy for treatment. By consulting the
literature, conference reports and browsing relevant official
websites, this review reported on treatments for advanced
gastric cancer with ICIs in combination with chemotherapy,
radiotherapy, targeted therapies and other treatments.
Most results suggested that combined treatment plans have
improved clinical effectiveness for advanced gastric cancer,
with controllable adverse reactions. In addition, there are
related clinical studies in progress or that are in the process
of recruiting patients, with results anticipated. In our
opinion, the future strategies for the use of combined ICIs
for the treatment of gastric cancer should be: i) Consider
regulation of the tumor immune microenvironment, and
explore rationales for the combination of ICIs and other
treatment methods for gastric cancer therapy. ii) Conduct
multidisciplinary discussions regarding patients with refrac‑
tory advanced gastric cancer and encourage patients with
refractory advanced gastric cancer to participate in clinical
trials related to combined treatment with ICIs. iii) Through
relevant clinical trials, explore reasonable treatment
sequences and reasonable doses of combined ICIs and other
treatments for gastric cancer, and define the advantaged
groups, providing theoretical support for subsequent clinical
application or guideline development. iv) By assessment
of other tumor types, integrate data from various clinical
studies, proposing different combined treatment options for
gastric cancer, evaluate their feasibility and rationale, and
actively and rigorously conduct relevant clinical research.
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