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Abstract As one of the malignant tumors with the highest incidence in the world, the morbidity and mortality of gastric
cancer are high. Nearly half of the patients with gastric cancer are first diagnosed as advanced or postoperative recurrence
and metastasis, which is extremely difficult to cure. Immunotherapy, as a new strategy for the treatment of gastric cancer,
has developed rapidly in recent years. Based on this, the paper intends to review the latest research and application of
immune checkpoint inhibitors in the treatment of advanced gastric cancer in recent years, providing reference for the
clinical treatment of gastric cancer.
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Introduction

Introduction Gastric cancer is the fourth most common

cancer in men after lung, prostate and colorectal cancer in

the world. Besides, it is the seventh most common cancer

in women after breast cancer, colorectal cancer, lung

cancer, cervical cancer, thyroid cancer and uterine

cancer1. According to statistics, There were about 783000

people died of gastric cancer worldwide in 2018, making

it the third deadliest cancer1. The diagnosis of gastric

cancer in East Asian countries is much higher than that in

western countries, accounting for about half of the global

diagnosis of gastric cancer due to differences in regional

eating habits and medical conditions. Furthermore,

patients with gastric cancer in developing countries are

5%-10% more likely to die2. As a traditional treatment for

gastric cancer, chemotherapy has limited efficacy ， the

combination of platinum and fluorouracil is a first-line

chemotherapy regimen, however, the median survival

time is still less than one year3. The research progress of

chemotherapy regimen is slow, there were only some

changes have taken place in the mode of drug

administration in the past few decades, and it is difficult

to improve the prognosis of gastric cancer in a short

period of time. As a new treatment for cancer,

immunotherapy has been widely concerned because it

provides the immune system with specificity and memory

against malignant cells and achieves lasting cure with

minimal toxicity. It opens up a new situation for

improving the prognosis of patients with advanced gastric

cancer. In the 1980s, French researchers discovered a

single protein (CTLA-4) on cytotoxic T lymphocytes, and

this was the beginning of immunotherapy for the

treatment of cancer. Professor Allison in the United States

discovered in 1996 that CTLA-4 antibodies are one of the

key brakes on the immune system's anti-tumor response,

assuming that by blocking CTLA-4 molecules, the brakes

will be removed and T cells will be able to attack and kill

cancer cells, the hypothesis was then tested in mice4.

Professor Allison was awarded the 2018 Nobel Prize in

Physiology or Medicine for his work. By 2011,

ipilimumab, a CTLA-4 checkpoint inhibitor, had been
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approved by the FDA for the treatment of metastatic

melanoma5. In 2013, the journal Science declared cancer

immunotherapy the "Breakthrough of the Year"6. Now

cancer immunotherapy is progressing rapidly, a number of

new drugs(nivolumab、 Pembrolizumab、 Avelumab、

Atezolizumab、 Durvalumab 、 Cemiplimab) 7-12have

been approved to be put on the market(Table 1).

Immunotherapy also has made great progress in advanced

gastric cancer, and the therapeutic effect of immune

checkpoint inhibitors has been confirmed. This paper

reviews the progress of immunotherapy in gastric cancer

in order to provide new ideas for the treatment of gastric

cancer.

Table 1 The dates immune checkpoint inhibitors for cancer were first approved by FDA

Drugs Target Date approved Idcations

Ipilimumab CTLA-4 3/25/2011 metastatic melanoma

Nivolumab PD-1 12/22/2014 Unresectable or metastatic melanoma cancer that has progressed following

treatment with ipilimumab, or a BRAF inhibitor in BRAF mutation-positive

patients

Pembrolizumab PD-1 9/4/2014 metastatic melanoma patients who are refractory to CTLA-4 therapy and

BRAF inhibitor if they have BRAF mutation

Avelumab PD-L1 11/18/2015 Metastatic Merkel cell carcinoma in patients ≥ 12 years

Atezolizumab PD-L1 5/18/2016 Locally advanced or metastatic urothelial carcinoma that has progressed

during or following platinum-containing chemotherapy or within 12 months

of neoadjuvant or adjuvant treatment with platinum-containing

chemotherapy

Durvalumab PD-L1 5/1/2017 Locally advanced or metastatic urothelial carcinoma patients with disease

progression during or following platinum-containing chemotherapy, or

whose disease has progressed within 12 months of receiving

platinum-containing chemotherapy neoadjuvant or adjuvant

Cemiplimab PD-1 9/28/2018 Metastatic or locally advanced cutaneous squamous cell carcinoma who are

not the candidate for curative surgery or radiation

Anti-tumor mechanism of immune checkpoint inhibitor

Immune cells can recognize and eliminate mutant cells

under normal circumstances. This immune surveillance can

prevent the development of cancer. However, cancer cells

usually proliferate rapidly by evading immune

surveillance13. Classical T cell activation requires three

signals: (1) The interaction between T cell receptor (TCR)

and major histocompatibility complex (MHC), (2)

Costimulatory signal, that is, the interaction between CD28

molecule expressed on T lymphocytes and CD80/CD86

expressed on antigen presenting cell (APC), and (3)

IL-2/IL-2 receptor signal pathway. These three signals lead

to lymphocyte cycle progression, survival and

differentiation13. Immune checkpoint molecules are

inhibitory receptors on immune cells, which trigger

immunosuppressive signal transduction pathways. They are

important for maintaining self-tolerance and regulating the
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duration and amplitude of physiological immune response

in surrounding tissues to minimize collateral tissue damage.

Cancer cells promote mutual inhibition between immune

cells through certain immune checkpoint pathways to

escape immune control15,16. On the other hand, immune

checkpoint inhibitors promote immune activation by

removing the inhibitory effect of cancer immune system,

hinder negative immunoregulatory receptors and signals,

enhance tumor immunity and make it play a better

anti-tumor effect. Several studies have observed that in a

variety of cancer patients receiving these molecular

treatments. The clinical benefits of patients are associated

with increased proliferation of CD8+ memory T cells17-19,

enhanced T cell toxicity and antigen-specific T cell

production of pro-inflammatory cytokines in tumors20. At

present, the immune checkpoints of cytotoxic T

lymphocyte associated antigen-4 (CTLA-4) and

programmed death factor-1 (PD-1) have been deeply

studied, which has become an important target for tumor

immunotherapy.

Anti-CTLA-4

CTLA-4 is a member of the immunoglobulin superfamily

and a co-inhibitory receptor. TCR/MHC signal induces

activated T cells to express CTLA-4, which competes with

costimulatory receptor CD28 to bind B7 molecule

(CD80/CD86)21. In addition, the binding affinity of binding

CD80/CD86 of CTLA-4 is higher than that of CD28.

CTLA-4 is mainly expressed on T cells, and also expressed

in other immune cells, including B lymphocytes and

fibroblasts22,23. It plays a powerful role in the negative

regulation of T cell activation24. Blocking CTLA-4 can

enhance the CD4+ activity of effector T cells. Therefore,

monoclonal antibodies against CTLA-4 can enhance

anti-tumor immunity.(Fig. 1)

Figure1. Negative regulation of CTLA-4 on T cells

Temelimumab monoclonal antibody is a humanized

monoclonal antibody against CTLA-4. The results of

Temelimumab monoclonal antibody in the treatment of

advanced gastric cancer and gastroesophageal junction

adenocarcinoma showed that 1 patient was in partial

remission in the II phase clinical study of 18 patients in

201025. Although Temelimumab showed good anti-tumor

activity in malignant melanoma, renal cell carcinoma,

mesothelioma, non-small cell lung cancer and other tumors,

there was no other related data in gastric cancer.

Ipilimumab is another fully humanised monoclonal

antibody against CTLA-4 (IgG1). Ipilimumab promotes

anti-tumor response through T cell activation and the

infiltration of T cell into tumor26,27. Ipilimumab

demonstrated its clinical efficacy against metastatic

melanoma in two phase 3 clinical trials28,29，and it was first

approved by FDA in 2011 for the treatment of advanced

melanoma30. For some other tumor types Ipilimumab also

shows significant OS benefits31-34. A phase II clinical trial35

showed that Ipilimumab monotherapy did not improve

immune-related progression-free survival (irPFS)

compared with the best supportive therapy. However,

Ipilimumab monotherapy had a median overall survival
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（mOS）of nearly 1 year and showed an excellent safety

profile, which supports the study of Ipilimumab combined

with other therapies in the treatment of advanced gastric

cancer. The cohort study CheckMate03236 showed that the

combination of Ipilimumab and Nivolumab had a better

therapeutic effect than single Nivolumab. The mOS and

objective remission rate（ORR）for advanced gastric cancer

were 6.9 months and 24%, respectively, showing a good

response rate and a long response time. In the meanwhile,

subgroup analysis shows that the effective rate of

combined immunotherapy in people with microsatellite

instability-high(MSI-H) can be as high as 50%, and had a

favorable safety profile. The third phase study to evaluate

Nivolumab or Nivolumab plus Ipilimumab in the treatment

of gastric cancer is under way.

Anti-PD-1/PD-L1

As a small immune checkpoint molecule and a

co-inhibitory molecule, PD-1 is widely expressed on T

cells, especially on antigen-specific CD8+T cells in

tumors37, as well as on B cells, thymocytes, natural killer

cells and myeloid dendritic cells (DC). PD-1 binds to its

natural ligand PD-L1 (B7-H1) or PD-L2 (B7-DC) to

provide a signal for the termination of immune system

activity and protect normal tissue in an inflammatory

environment. Tumor cells use this mechanism to lead to

immune escape and tumor progression. PD-1/PD-L1

interaction induces T lymphocyte depletion, apoptosis, and

anergy38-42. As a consequence, anti-PD-1 antibodies can

promote the activation of T cells to kill tumor cells43.

Pembrolizumab is a highly specific monoclonal antibody

against PD-1. For the first time, the study

KEYNOTE-01244 evaluated the safety and efficacy of

pembrolizumab in the treatment of advanced gastric cancer.

A total of 39 PD- L1 positive patients were treated with

Pembrolizumab every two weeks. The results of follow-up

to 8.8 months showed that 53% of the patients had tumor

regression, 22% achieved partial remission, and the median

duration of remission was 40 weeks, which is a prelude to

immunotherapy for gastric cancer. The results of phase II

KEYNOTE-059 trial45 showed that the objective remission

rate (ORR) of pembrolizumab group was 12%, the median

progression-free survival(PFS) was 2 months, and the

median OS was 5.5 months, indicating that PD-L1 positive

was more likely to benefit from Pembrolizumab. Based on

this study, in September 2017, FDA approved

Pembrolizumab as a third-line treatment for advanced

gastric cancer with comprehensive positive score (CPS) ≥ 1

and PD-L1 positive. According to the research of Le et al46,

the ORR of Pembrolizumab in the treatment of high-MSI

solid tumors reached 53%.As a consequence, FDA

approved Pembrolizumab as the second-line treatment for

high-MSI/deficient mismatch repair(dMMR) solid tumors

in 2017. The phase III study KEYNOTE-06147 was first

reported at the ASCO conference in 2018. This study

compared the efficacy of Pembrolizumab and paclitaxel in

the second-line treatment of gastric cancer /

gastroesophageal junction cancer with CPS ≥ 1. The results

showed that Pembrolizumab group was better than

paclitaxel group in mOS (9.1 months vs 8.3 months, P=

0421) and mPFS (1.5 months vs 4.1 months) had no

significant prolongation, but Pembrolizumab had better

safety profiles. KEYNOTE-062 is a phase III clinical trial48

to explore the value of immunotherapy in the first line of

gastric cancer.A total of 763 patients were randomly

assigned to Pembrolizumab monotherapy group(n = 256),

Pembrolizumab with cisplatin plus fluorouracil or

capecitabine group(n = 257), placebo with cisplatin plus
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fluorouracil or capecitabine group(n = 250). The results

showed that in the patients with CPS ≥ 1, the median OS of

the Pembrolizumab monotherapy group compared with the

chemotherapy group was 10.6 months vs. 11.1 months

(P=0.162), and the study reached the end point of

non-inferiority. Among the patients with CPS ≥ 10, the

Pembrolizumab monotherapy group was significantly

better than the chemotherapy group, the median OS of the

two groups was 17.4 months vs. 10.8 months respectively.

Safety comparison shows that Pembrolizumab is more

tolerable.This is the only clinical trial in which PD-1

monoclonal antibody achieves non-inferiority compared

with standard chemotherapy. However, whether in patients

with CPS ≥ 1 or CPS ≥ 10, there was no significant

improvement in OS in the immunotherapy group. It is

suggested that immunocombination chemotherapy for

first-line treatment of advanced gastric cancer needs further

study. Nevertheless, patients with advanced gastric cancer

with CPS ≥ 10 may benefit from single pembrolizumab

therapy.

Nivolumab is a monoclonal antibody targeting PD-1.The

study ATTRACTION-249 conducted in Japan and South

Korea in 2017 showed that there was a significant

difference in mOS between the Nivolumab group and the

placebo group (5.26 months vs4.14 months, P < 0.0001).

Additionally, the level of PD-L1 expression did not affect

the benefits of the patients. Based on the study, In

September 2017, Japan approved nivolumab for third-line

treatment of advanced after chemotherapy, unresectable or

recurrent gastric cancer. Nivolumab showed a better overall

survival rate than placebo in patients with advanced gastric

cancer or gastroesophageal junction cancer in Asia.

CheckMate-03236 evaluated the safety and efficacy of

nivolumab and nivolumab plus ipilimumab in the treatment

of gastric cancer. After strict pre-selection, all the selected

patients were Western patients with metastasis of gastric

cancer after the failure of second-line chemotherapy As a

result, it showed that nivolumab and nivolumab plus

ipilimumab have clinical significance and lasting

anti-tumor activity in western gastric cancer patients, and

the safety can be controlled. This suggests that despite the

morphological and molecular heterogeneity of gastric

cancer, immune checkpoint inhibitors provide consistent

therapeutic benefits in Asian and Western patients. Phase II

trial ATTRACTION-450 showed that the ORR of

nivolumab plus SOX regimen (S-1 + oxaliplatin) and

nivolumab combined with XELOX regimen (capecitabine

+ oxaliplatin) as first-line treatment for advanced

HER-2-negative gastric cancer was 57.1% and 76.5%,

respectively. In addition, the proportion of patients who

interrupted treatment due to related adverse reactions was

10%, and there were no treatment-related deaths and new

adverse reactions. It is suggested that the regimen of

Nivolumab combined with chemotherapy is safe and

available. Besides, nivolumab is expected to be the first

immunocheckpoint inhibitor approved for first-line

treatment of advanced HER-2-negative gastric cancer.

Avelumab is a highly specific monoclonal antibody against

PD-L1. Phase Ⅲ trial JAVELIN Gastric 30051 revealed

that mPFS (1. 4 months vs 2. 7 months, P > 0. 99) and

mOS (4. 6 months, vs 5. 0 months, P = 0. 81) between

Avelumab group and chemotherapy group had no

significant difference, but there were fewer bad events in

the Avelumab group. It suggested that Avelumab was more

safe, but it could not be used as a third-line treatment for

advanced gastric cancer. Phase III trial JAVELIN Gastric

10052 was conducted to study the efficacy of Avelumab

versus continuous chemotherapy in the treatment of gastric
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cancer after first-line induction chemotherapy. 499 patients

were randomly assigned to Avelumab group (n=249) and

continuous chemotherapy group (n= 250). The results

indicate that the median total survival time of Avelumab

group was 10.4 months (95% CI, 9.1 to 12.0 months). The

median survival time of continuous chemotherapy group

was 10.9 months (95% CI, 9.6 to 12.4 months). In PD-L1

(+) patients, the median total survival time was 14.9

months in Avelumab group and 11.6 months in continuous

chemotherapy group. Whether in all randomized or PD-L1

(+) GC/GEJC patients, Avelumab maintenance therapy did

not show a superior role of OS. In consequence, the

therapeutic effect of PD-L1 and its antibody in advanced

gastric cancer needs to be further explored.

Conclusion

Immunotherapy has successfully ushered in a new era of

cancer treatment. There is no doubt that although

immunotherapy is developing rapidly, there are still many

uncertainties, such as the lack of biomarkers for accurate

prediction of curative effect. In the field of gastric cancer ,

the only clear biomarkers are MMR status and PD-L1

expression, and the predictive role of other biomarkers

(such as total mutation load, etc.) is not clear. It is still the

direction of our efforts to transform the results of

laboratory research into clinical trial research as soon as

possible. There are still many clinical trials on

immunotherapy for gastric cancer, not only the efficacy of

immune monotherapy, but also the trials of immunotherapy

combined with other therapies are also being carried out.

More and more evidence shows that chemotherapy plus

immunotherapy can enhance the anti-tumor effect, and the

combination therapy shows a good remission rate and

survival benefit, which is also an important strategy to

overcome drug resistance. Generally speaking, to combine

with chemotherapy is a major direction of immunotherapy

in the future.
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