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Advances in molecular biomarkers research 
and clinical application progress for gastric 
cancer immunotherapy
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Abstract 

Gastric cancer is characterized by high morbidity and mortality worldwide. Early-stage gastric cancer is mainly treated 
with surgery, while for advanced gastric cancer, the current treatment options remain insufficient. In the 2022 NCCN 
Guidelines for Gastric Cancer, immunotherapy is listed as a first-line option for certain conditions. Immunotherapy 
for gastric cancer mainly targets the PD-1 molecule and achieves therapeutic effects by activating T cells. In addi-
tion, therapeutic strategies targeting other molecules, such as CTLA4, LAG3, Tim3, TIGIT, and OX40, have also been 
developed to improve the treatment efficacy of gastric cancer immunotherapy. This review summarizes the molecular 
biomarkers of gastric cancer immunotherapy and their clinical trials.
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Background
Gastric cancer and clinical therapy
Gastric cancer is a condition that significantly affects 
the quality of life, with high morbidity and mortality 
worldwide [1]. Currently, gastric cancer is treated using 
endoscopic therapy, surgical therapy, radiotherapy, 
chemotherapy, etc. [2]. For early-stage gastric cancer 
which are usually found on screening (T1a or T1b) treat-
ment, endoscopic therapy can be used [3], and for locore-
gional gastric cancer, multidisciplinary management 
is commonly based on surgery [4]. For metastatic and 
unresectable gastric cancer, radiotherapy, chemotherapy, 
targeted therapy (HER2/neu [5], VEGFR2 [6], EGFR [7]-
based targeted therapy) and immunotherapy are used; 
however, the prognosis of patients still has much room 
for improvement [8], as there are still many patients with 

poor response. Anti-PD-1/PD-L1 immunotherapy has 
shown potential in the treatment of gastric cancer [9] 
and has been included in the NCCN 2022 guidelines as a 
first/second line treatment option [10]. Currently, a num-
ber of phase III clinical trials are exploring the efficacy of 
anti-PD-1/PD-L1 inhibitors in gastric cancer treatment. 
Other inhibitors or agonists of immune checkpoint mol-
ecules, including the inhibitors of CTLA4, LAG3, Tim3, 
and TIGIT, as well as the agonists of OX40, are currently 
in clinical trials in the treatment of gastric cancer.

Characteristics of the gastric mucosal immune 
microenvironment
During tumor development, the tumor cells rely on blood 
vessels, fibroblasts, and lymphocytes of the surround-
ing tissues. These cells and tissues, together with the 
tumor, are called the tumor microenvironment, in which 
the immune cells are called the tumor immune micro-
environment [11, 12]. In gastric mucosa, inflammatory 
factors, a variety of lymphocytes, mononuclear mac-
rophages, and gastric epithelial cells participate in the 
formation of the immune microenvironment [13].
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T lymphocytes play an important role in antitumor 
immunity, and their functions are regulated by immu-
nosuppressive and costimulatory signals in the tumor 
microenvironment [14]. Costimulatory molecules of T 
cells include CD28 and OX40 [15], and immunosuppres-
sive molecules include PD-1, LAG3, Tim3, and TIGIT 
[16] (Fig. 1).

Programmed death-1 (PD-1), also known as CD279, 
is an immunosuppressant that is expressed in various 
immune cells, such as T cells, B cells, and NK cells. The 

ligand of PD-1 is PD-L1, which is expressed in antigen 
presenting cells (APC) and tumor cells [17]. The expres-
sion level of PD-1 in T cells is influenced by many factors. 
First, the transcription factors NFATc1, RBP-Jκ, STAT3, 
STAT4, ISGF3, FoxO1, C-FOS, and NF-κB can promote 
PD-1 expression, while Blimp-1 and T-bet can inhibit 
PD-1 expression [18]. Second, posttranscriptional modi-
fication can also affect PD-1 levels. For example, ubiqui-
tin modification of PD-1 can degrade it, and glycosylation 
of PD-1 can affect its binding with anti-PD-1 mAbs [19]. 

Fig. 1  T-cell regulatory biomarkers of immunotherapy for gastric cancer. a PD-1, CTLA4, LAG3, Tim3 and TIGIT act as inhibitory molecules, and OX40 
acts as a costimulatory molecule. Activation of inhibitory molecules or loss of costimulatory molecules can lead to T-cell exhaustion. b The usage of 
anti-PD-1 inhibitors, etc., or OX40 agonists can activate T cells to kill tumor cells
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In tumor-infiltrating T lymphocytes, the expression level 
of PD-1 is high [20], which inhibits the immune surveil-
lance function and leads to the immune escape of tumor 
cells [21]. Inhibition of PD-L1 in tumor cells and immune 
cells or PD-1 on T cells can therefore avoid the immune 
escape of tumor cells [22]. In addition, an animal experi-
ment found that PD-1 knockout on myeloid cells also has 
antitumor activity [23]. Therefore, anti-PD-1 inhibitors 
may have potential for use in tumor immunotherapy. In 
the gastric mucosal immune microenvironment of gas-
tric cancer patients, the proportion of PD-L1 CPS higher 
than 1 was observed to be 40–60% [24–27]. This may 
be one of the advantages of immunotherapy for patients 
with gastric cancer.

Cytotoxic T lymphocyte antigen 4 (CTLA4), also 
known as CD152, is another immunosuppressive mol-
ecule that is expressed on the surface of T cells together 
with CD28 [28]. The coligand of CTLA4 and CD28 is B7, 
which is expressed in APCs and tumor cells. When CD28 
binds to B7, T cells are activated by this costimulatory 
signal. When the CTLA4 pathway binds to B7, T cells 
receive inhibitory signals and are exhausted [29]. With 
higher affinity for B7 than CD28, excessive activation of 
the CTLA4 pathway leads to a decline in immune func-
tion and subsequent immune escape of tumor cells [30]. 
Hence, anti-CTLA4 inhibitors can potentially be used 
to activate T cells and kill tumor cells. Ipilimumab, as an 
anti-CTLA4 antibody, when combined with nivolumab, 
has been shown to be highly effective for dMMR gastric 
cancer (ORR 70, 95% confidence interval 35, 93 versus 
57, 95% confidence interval 18, 90) [31]. This result shows 
that ipilimumab can be a promising agent for gastric can-
cer immunotherapy.

Lymphocyte activation gene-3 (LAG3), also known as 
CD233, is an immunosuppressive molecule that belongs 
to the immunoglobulin superfamily and inhibits T cells. 
LAG3 was first discovered on the surface of activated T 
cells and NK cells by Triebel et al. in 1990 [32]. In addi-
tion, LAG3 has also been found to be expressed on the 
surface of B cells, tumor-associated macrophages, and 
other cells. LAG3 includes soluble sLAG3 and membrane 
mLAG3, in which the D1 domain of sLAG3 binds MHC 
class II molecules [33]. LAG3 binding MHC class II mol-
ecules can transmit inhibitory signals through its intra-
cellular domain [34], but the molecular mechanisms of 
this effect are not yet clear. In addition to MHC class II 
molecules, other ligands of LAG3 have been found, such 
as Gal9, LSECtin, and FGL1, all of which play certain 
functions in T-cell exhaustion [35]. As the activation of 
LAG3 has an inhibitory effect on T cells, the use of anti-
LAG3 inhibitors to activate the immune system and kill 
tumor cells represents another potential immunothera-
peutic strategy.

T-cell immunoglobulin and mucin domain-3 (Tim3), 
another immunosuppressive molecule, is expressed on 
the surface of T cells, myeloid cells, dendritic cells, mast 
cells and NK cells [36]. Tim3 can bind to phosphatidyl-
serine (PS) and inhibit the activation of NK cells. The 
use of photosensitive PS has been shown to regulate the 
activity of NK cells in vivo and in vitro [37]. In addition, 
Tim3 plays an auxiliary diagnostic or monitoring role in 
HIV infection [38] and tuberculosis infection [39], sug-
gesting that it is associated with the immune regulation 
of the body. The ligand of Tim3 is Gal9, and studies have 
shown that the Tim3-Gal9 pathway can inhibit Th1-cell 
activation [40]. Moreover, Tim3 is induced in regulatory 
T cells (Tregs) and inhibits the function of effector T cells 
[41]. These studies reveal the inhibition of Tim3, which 
negatively regulates T cells, as another potential immu-
notherapeutic strategy.

The immunosuppressive T-cell immunoglobulin and 
ITAM domain (TIGIT) is expressed on the surface 
of T cells and NK cells. The ligand of TIGIT is CD155, 
which is the coligand of TIGIT and CD226. While the 
CD226 molecule binds to CD155 to activate immune 
cells, TIGIT binds to CD155 more strongly and com-
petes with CD226, leading to a negative effect. The bind-
ing of CD155 by TIGIT inhibits immune cells through 
the PI3K, MAPK, and NF-κB signaling pathways [42]. 
A study has shown that blockade of TIGIT in mice can 
enhance antitumor immunity in an NK-dependent man-
ner [43], suggesting the therapeutic value of anti-TIGIT 
inhibitors in cancer.

Siglec-15 is also a newly discovered membrane protein 
that is expressed on the surface of macrophages/myeloid 
cells and cancer cells and can inhibit T-cell responses. 
Studies have found that a Siglec-15 inhibitor can reverse 
this effect and enhance T-cell immunity, leading to tumor 
suppression in a mouse model [44]. This finding suggests 
that Siglec-15 may serve as a novel immunotherapy bio-
marker. No clinical trials are designed for gastric cancer 
immunotherapy, and further studies are needed.

OX40 is a T-cell costimulatory molecule and a member 
of the tumor necrosis factor receptor superfamily, also 
known as CD134. OX40 can be expressed on the surface 
of T cells. Activation of the OX40/OX40L pathway can 
reverse T-cell depletion, increase the proportion of CD4/
CD8-positive T cells, and enhance the immune response 
of the body. In addition to activating T cells, OX40 is also 
found in normal glandular tissue cells and tumor cells 
[45]. However, the role of OX40 expression in these cells 
still needs further study. OX40 is associated with autoim-
mune diseases such as psoriasis, which has been treated 
with the anti-OX40 mAb in clinical studies [46, 47]. Con-
sidering that abatacept (exogenous CTLA4) is a drug 
for the treatment of autoimmune diseases, ipilimumab 
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(anti-CTLA4) is an antitumor drug, and OX40 inhibitor 
is used for treating autoimmune diseases, it is speculated 
that the OX40 agonist receptor may also have antitumor 
activity. Clinical studies have found that the expression 
level of OX40 in the gastric mucosal immune microen-
vironment of gastric cancer patients is increased, and 
the OX40 expression level of stage I and II gastric cancer 
patients is higher than that of stage III and IV gastric can-
cer patients [48], suggesting that the immune system of 
patients with advanced gastric cancer is suppressed and 
that OX40 may play an important role in the immune 
microenvironment of gastric cancer.

H. pylori is a gram-negative bacterium found on the 
surface of gastric epithelial cells [49]. In many parts of 
the world, the prevalence of H. pylori is higher than 50% 
[50]. H. pylori has been identified as a class I carcinogen 
of gastric cancer by the WHO, promoting gastric cancer 
through virulence factors, such as CagA, TNF-α-induced 
protein, and YAP-mediated epithelial metaplasia (EMT) 
[51]. H. pylori infection can affect the gastric mucosal 
immune microenvironment and induce the expression 
of PD-L1 in gastric epithelial cells, enabling these cells to 
survive chronic inflammation and giving them the poten-
tial to become cancerous [52]. In the gastric mucosa of 
gastric cancer patients, the expression level of PD-1/
PD-L1 is significantly higher than in the general popu-
lation [53], and in the gastric mucosa of early-stage gas-
tric cancer patients and high-grade gastric intraepithelial 
neoplasia infected with H. pylori, the expression level of 
PD-L1 is also significantly higher than that of patients 
with low-grade gastric intraepithelial neoplasia [54]. 
These results suggest that H. pylori may be an impor-
tant factor in the immunotherapy of gastric cancer, and 
further research is still needed, as it remains unclear 
whether the immunotherapy biomarker of gastric cancer 
interacts with H. pylori.

Clinical research status of gastric cancer 
immunotherapy biomarkers
Studies on biomarkers for immunotherapy of gastric can-
cer have mainly focused on PD-1/PD-L1, while there are 
also many other biomarkers that have potential for use in 
the immunotherapy of gastric cancer (Table 1).

PD‑1
Nivolumab, pembrolizumab and dostarlimab-gxly have 
been included in the 2022 NCCN guidelines for the treat-
ment of gastric cancer.

Nivolumab (anti-PD-1) is currently a first-line agent in 
the guidelines for the treatment of gastric cancer. ATT​
RAC​TION-4 and CheckMate 649 studied the efficacy of 
nivolumab as a first-line agent. In the multicenter, dou-
ble-blind, placebo-controlled, randomized controlled 

phase II/III trial ATT​RAC​TION-4 involving 724 patients 
with HER2-negative, unresectable, advanced or relapsed 
gastric cancer or gastroesophageal junction cancer 
treated with nivolumab in combination with chemo-
therapy (n = 362) or placebo in combination with chem-
otherapy (n = 362), the median PFS was 10.45 months 
in the nivolumab group and 8.34 months in the placebo 
group (P = 0.0007) at the 11.6-month median follow-up. 
At the 26.6-month median follow-up, the median OS was 
17.45 months in the nivolumab group and 17.15 months 
in the placebo group (P = 0.26) [55]. Another multicenter, 
open-label, randomized controlled phase III clinical 
trial, CheckMate 649, enrolled 1581 patients with unre-
sectable, non-HER2-positive gastric or gastroesopha-
geal junction cancer or esophageal adenocarcinoma for 
first-line therapy. Patients were treated with nivolumab 
in combination with chemotherapy (n = 789) or chemo-
therapy alone (n = 792). The median follow-up OS was 
13.1 months in the nivolumab group and 11.1 months 
in the chemotherapy group. In patients with PD-L1 
CPS ≥ 5, both OS (P < 0.0001) and PFS (P < 0.0001) in the 
nivolumab group were better than those in the chemo-
therapy group [56]. For third-line treatment, a double-
blind, placebo-controlled, randomized controlled phase 
III trial ATT​RAC​TION-2 recruited 493 patients with 
unresectable metastatic or relapsed gastric cancer or 
gastroesophageal junction cancer who were treated with 
either nivolumab (n = 330) or placebo (n = 163), and 
the three-year follow-up data showed a median OS of 
5.26 months in the nivolumab group versus 4.14 months 
in the placebo group (P < 0.0001) [57, 58]. For adjuvant 
treatment, the CheckMate 577 double-blind, placebo-
controlled, randomized controlled phase III clinical trial 
treated patients with esophageal cancer or gastroesopha-
geal junction cancer after R0 resection with nivolumab 
(n = 532) or placebo (n = 262), and the median PFS was 
22.4 months in the nivolumab group and 11.0 months in 
the placebo group (P < 0.001) [59]. The open-label phase I 
trial EPOC1603 performed on 50 patients with advanced 
gastric cancer (n = 25) or colorectal cancer (n = 25) 
treated with nivolumab combined with regorafenib 
(chemotherapy agent, tyrosine kinase inhibitor) for sec-
ond/third-line therapy demonstrated its safety [60].

Pembrolizumab (anti-PD-1) is currently a first/second-
line agent in the guidelines for the treatment of gastric 
cancer. For HER2 overexpression-positive adenocar-
cinoma, chemotherapy plus trastuzumab plus pem-
brolizumab is a first-line therapy. For MSI-H or dMMR 
tumors and for TMB high (≥10 mutations/megabase) 
tumors, pembrolizumab can be used as a second-line 
agent. KEYNOTE-062 and KEYNOTE-811 studied the 
efficacy of pembrolizumab as a first-line agent. In the ran-
domized controlled phase III trial KEYNOTE-062, 763 
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patients with advanced gastric or gastroesophageal junc-
tion cancer with PD-L1 CPS ≥ 1 were treated with pem-
brolizumab (n = 256), pembrolizumab in combination 
with chemotherapy (n = 257) or chemotherapy in com-
bination with placebo (n = 250). At a median follow-up 
time of 29.4 months, it was observed that pembrolizumab 
had a better effect than chemotherapy in prolonging OS 
in patients with CPS ≥ 10 (17.4 vs 10.8 months), but no 
significant difference was observed between the median 
OS time of other groups [61]. In a randomized, double-
blind, placebo-controlled phase III trial, KEYNOTE-811 
recruited 264 patients with previously untreated unre-
sectable or metastatic, HER2-positive gastric or gas-
troesophageal junction adenocarcinoma for efficacy 
evaluation, 133 of whom received pembrolizumab in 
combination with trastuzumab and chemotherapy, while 
131 of whom received placebo in combination with tras-
tuzumab and chemotherapy. It was observed that the 
ORRs were 74.4 and 51.9% in the pembrolizumab group 
and placebo group, respectively (p = 0.00006) [62]. KEY-
NOTE-061 and KEYNOTE-063 studied the efficacy of 
pembrolizumab as a second-line agent. The open-label, 
randomized controlled phase III trial KEYNOTE-061 
treated 395 advanced gastric or gastroesophageal junc-
tion cancer patients with a PD-L1 CPS ≥ 1 with pem-
brolizumab (n = 196) or paclitaxel (n = 199). The median 
OS time was observed to be 9.1 months in the pembroli-
zumab group versus 8.3 months in the paclitaxel group 
(P = 0.0421) [63]. In addition, the two-year follow-up 
results of KEYNOTE-061 showed no significant differ-
ence in the effect of pembrolizumab and paclitaxel on OS. 
However, the difference in the 24-month OS rate between 
the two groups increased with increasing PD-L1 CPS. In 
the CPS ≥ 5 group, the 24-month OS rate was 24.2% for 
pembrolizumab and 8.8% for paclitaxel. In the CPS ≥ 10 
group, the 24-month OS rate was 32.1% for pembroli-
zumab and 10.9% for paclitaxel, suggesting that patients 
with high CPS were more likely to have a better response 
to pembrolizumab [64]. An open-label, randomized, 
controlled phase III clinical trial, KEYNOTE-063, was 
performed on 94 patients with advanced gastric can-
cer or gastroesophageal junction cancer treated with 
pembrolizumab (n = 47) or paclitaxel (n = 47), and the 
effect of pembrolizumab was observed to be weaker 
than that of paclitaxel [72]. In the open-label, nonrand-
omized controlled phase II clinical trial KEYNOTE-158, 
an ORR of 34.3% was observed in 233 patients with 
advanced or unresectable noncolorectal MSI-H cancer 
treated with pembrolizumab for second/third-line ther-
apy [73]. In addition, an open-label, single-arm phase II 
trial EPOC1706 involving 29 patients with metastatic or 
recurrent gastric or gastroesophageal junction cancer 
demonstrated the safety of pembrolizumab when used 

in combination with lenvatinib (chemotherapy, tyrosine 
kinase inhibitor) as first/second-line treatment and found 
an ORR of 69% [74]. In conclusion, pembrolizumab in 
gastric cancer has a promising therapeutic effect as a 
first-line agent, but its effectiveness needs to be further 
studied when used as a second-line agent.

Dostarlimab-gxly was first included in the 2022 NCCN 
guidelines for gastric cancer as a second-line treatment 
agent in certain circumstances for MSI-H or dMMR 
tumors. However, the clinical trials for gastric cancer 
immunotherapy only progressed to phase I/II. The mul-
ticenter, open-label, single-arm phase 1 trial GARNET 
recruited 740 patients with advanced solid tumors who 
have limited available treatment options to date (https://​
clini​caltr​ials.​gov/). Given that 42.3% of patients with 
MSI-H endometrial cancer receiving dostarlimab had an 
objective response, dostarlimab may be an alternative for 
MSI-H solid tumors [75].

The efficacy of anti-PD-1/PD-L1 immunotherapy 
is dependent on many factors, and there is still room 
for improvement. First, studies found that the expres-
sion of PD-L1 is an important factor influencing the 
efficacy of gastric cancer immunotherapy. In Check-
mate 649, patients with PD-L1 CPS ≥ 10, ≥5 and ≥ 1 
received nivolumab plus chemotherapy, resulting in HRs 
of 0.66, 0.69 and 0.74, respectively [56]. The results of 
KEYNOTE-061 suggested that the CPS level of PD-L1 
was correlated with the clinical efficacy of gastric can-
cer immunotherapy, and a favorable effect on OS was 
observed in the subgroups of CPS ≥ 1 and CPS ≥ 10 [76]. 
In KEYNOTE-659, the ORR was 73.9% for patients with 
1 ≤ CPS ≤ 10 and 71.0% for patients with CPS ≥ 10 [77]. 
In the NCT02589496 study of 55 patients with gastric 
cancer whose PD-L1 CPS positivity was available (61 gas-
tric cancer patients in total), 28 PD-L1 CPS ≥ 1 patients 
had an ORR of 50%, while 27 PD-L1 CPS ≤ 1 patients had 
an ORR of 0% [78]. In the 2022 NCCN guidelines for the 
treatment of gastric cancer, PD-L1 testing may be consid-
ered for gastric cancer patients with anti-PD-1 immuno-
therapy treatment. Therefore, attention should be given 
to detecting the expression level of PD-L1 before using 
anti-PD-1/PD-L1 inhibitors in the treatment of gastric 
cancer.

Second, H. pylori has been found to cause gastric can-
cer because it affects the gastric mucosal immune micro-
environment of gastric cancer patients. There have been 
no clinical trials comparing the relationship between H. 
pylori infection and the efficacy of immunotherapy for 
gastric cancer; however, a study involving melanoma 
and colorectal adenocarcinoma mice and non-small cell 
lung cancer patients found that H. pylori reduced the 
efficacy of anti-PD-1 immunotherapy [79]. In addition, 
an animal experiment found that a recombinant plasmid 

https://clinicaltrials.gov/
https://clinicaltrials.gov/
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formed by the H. pylori virulence genes CagA, VacA, and 
BabA could induce CD3+ T cells in animals and had 
antitumor activity in both in  vivo and in  vitro experi-
ments [65], suggesting that H. pylori infection may be an 
important factor influencing the efficacy of gastric cancer 
immunotherapy.

In addition, microsatellite instability (MSI) levels have 
also been associated with the efficacy of anti-PD-1/
PD-L1 immunotherapy. In the case of mismatch repair 
gene defects (dMMR), the MSI is high (MSI-H), whereas 
with proficiency mismatch repair gene (pMMR), the con-
dition is described as MSI-Low (MSI-L) or microsatel-
lite-stable (MSS). Gastric cancer patients with MSI-H are 
highly responsive to immunotherapy. In KEYNOTE-059, 
the response rate of MSI-H patients to PD-1/PD-L1 
immunotherapy was 57% (13.3% in the control group). 
In the NCT02589496 cohort A study involving 61 gas-
tric cancer patients, the response rate to pembrolizumab 
of seven MSI-H gastric cancer patients was 85.7% [78]. 
In the NCT02589496 cohort B study, the response rate 
to pembrolizumab of eighteen MSI-H gastric cancer 
patients was 55.6% [66]. Therefore, MSI-H may have a 
favorable effect on the immunotherapy of gastric cancer.

Moreover, in a study of 61 patients with gastric cancer 
in NCT02589496, the ORR of six EBV-positive patients 
was observed to be 100% [78], suggesting that EBV infec-
tion is also a favorable factor for the efficacy of gastric 
cancer immunotherapy.

A study of 36 patients with gastric cancer found that 
approximately 10% of patients treated with anti-PD-1 
inhibitors experienced a more than twofold increase 
in tumor growth rate and a more than 50% increase in 
tumor load. This study also found that in animal experi-
ments, anti-PD-1 inhibitors can promote the prolif-
eration of Tregs and inhibit the body’s immunity, thus 
resulting in the phenomenon called “hyperprogression”. 
This process can be inhibited by anti-CLTA4 inhibitors 
[67]. These results suggest that anti-PD-1 inhibitors com-
bined with other immunotherapeutic drugs may provide 
benefits to patients.

CTLA4
Anti-CTLA4 immunotherapy has not yet entered the 
2022 guidelines for gastric cancer, but the effect of ipili-
mumab and tremelimumab has been studied in clinical 
trials.

Clinical trials of ipilimumab in the immunotherapy of 
gastric cancer have progressed to phase III. Subsequent 
to CheckMate 649, Kohei Shitara et  al. recruited 813 
patients with unresectable advanced or metastatic gas-
tric, GEJ or esophageal adenocarcinoma, 409 of whom 
were treated with nivolumab plus ipilimumab and 404 
of whom were treated with chemotherapy. The median 

OS was 11.2 months versus 11.6 months, respectively, 
in PD-L1 CPS ≥ 5 patients and 11.7 months versus 
11.8 months, respectively, in all randomized patients, 
showing no statistical significance. However, in patients 
with MSI-H tumors, nivolumab plus ipilimumab had 
a high ORR compared with chemotherapy (70% ver-
sus 57%) [31]. In CheckMate 032, 160 patients with 
locally advanced or metastatic gastric or gastroesopha-
geal junction cancer were treated with different doses 
of ipilimumab combined with nivolumab for third-line 
therapy (1. nivolumab 3 mg/kg, n = 59; 2. nivolumab 
1 mg/kg combined with ipilimumab 3 mg/kg, n = 49; 3. 
nivolumab 3 mg/kg combined with ipilimumab 1 mg/kg, 
n = 42), and the OS proportions at 12 months were 39, 
35 and 24%, respectively. The proportions of PFS were 
8, 17 and 10%, respectively [68]. In the open-label phase 
II clinical trial NCT01585987, 114 patients with locally 
advanced or metastatic gastric or gastroesophageal junc-
tion cancer were randomly divided into two groups, with 
57 patients in each group. The immune-related PFS was 
2.92 for ipilimumab and 4.9 for optimal supportive treat-
ment (P = 0.097), showing no difference between the two 
groups when used as second-line therapy [69]. In addi-
tion, an open-label, multicenter phase II clinical trial 
INTEGA involving first-line ipilimumab in combination 
with nivolumab and trastuzumab is ongoing [70].

Clinical trials of tremelimumab in the immunotherapy 
of gastric cancer have advanced to phase II. A phase II 
clinical trial (researcher Christy Ralph) of 18 patients 
with metastatic gastroesophageal carcinoma showed 
that after second-line tremelimumab treatment, the 
median survival time was 17.1 months in patients with 
a carcinoembryonic antigen proliferative response and 
4.7 months in patients without a response (P = 0.004) 
[71]. In addition, multicenter phase II clinical trials 
INFINITY for neoadjuvant tremelimumab plus dur-
valumab (anti-PD-L1) and DURIGAST for second-line 
tremelimumab in combination with durvalumab and 
chemotherapy are ongoing [80, 81].

It is worth noting that both anti-PD-1 inhibitors and 
anti-CTLA4 inhibitors have certain side effects in clini-
cal application, which may involve the cardiovascular, 
endocrine, digestive, blood, and nervous systems and 
may cause systemic, autoimmune, or skin diseases [82]. 
A recent animal study showed that avoiding the lysoso-
mal degradation of CTLA4 attenuates the occurrence of 
immunotherapy-related adverse reactions (irAEs) [83]. 
The control of side effects is an important task in tumor 
immunotherapy and needs further study.

LAG3
Studies on anti-LAG3 inhibitors in gastric cancer 
are currently in phase I/II clinical trials, without any 
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published results. One of these studies is the open-label, 
randomized, controlled phase II trial NCT03662659 
using MbS-986,213 (relatlimab together with nivolumab) 
in combination with chemotherapy in comparison to 
nivolumab alone in combination with chemotherapy for 
first-line therapy in 274 patients with locally advanced 
or metastatic gastroesophageal cancer. Another ongo-
ing study is the nonrandomized controlled phase I trial 
NCT03044613 enrolling 32 patients with gastroesopha-
geal cancer who were treated with relatlimab in combina-
tion with nivolumab and chemotherapy in comparison to 
nivolumab in combination with chemotherapy for adju-
vant therapy. In addition, the open-label, randomized 
controlled phase II/III clinical trial NCT04082364 using 
tebotelimab (anti PD-1 and anti-LAG3) as first-line ther-
apy is ongoing (https://​clini​caltr​ials.​gov/).

Although LAG3 inhibitors are still in phase I/II clini-
cal trials regarding the immunotherapy of gastric can-
cer and the efficacy is uncertain, clinical trial results of 
melanoma provide some about the potential effect of 
anti-LAG3 inhibitors in gastric cancer immunotherapy. 
In the double-blind, randomized controlled phase II/III 
clinical trial RELATIVITY-047, the PFS time of the anti-
LAG3 inhibitor relatlimab combined with nivolumab was 
10.1 months, compared to 4.6 months in the nivolumab 
group (P = 0.006) [84], demonstrating the value of anti-
LAG3 inhibitors in immunotherapy.

In addition, clinical studies have found that among 
patients receiving gastric cancer immunotherapy 
(nivolumab ± ipilimumab [85], nivolumab [86]), patients 
with high expression of LAG3 in the gastric mucosal 
immune microenvironment have a better prognosis. This 
may be associated with the positive correlation between 
the expression of LAG3 on the surface of T cells and the 
expression level of PD-1/PD-L1 in the immune microen-
vironment of esophageal cancer [87], gastric cancer [88], 
and other tumors. A cell experiment also demonstrated 
the strong cytotoxicity of anti-LAG3 inhibitors as single 
drugs or combined with anti-PD-1/PD-L1 immunother-
apy on gastric cancer cells [89]. These results reveal the 
potential value of anti-LAG3 inhibitors in gastric cancer 
immunotherapy.

Previous studies have analyzed the relationship 
between the LAG3 expression level and the diagnosis and 
prognosis of gastric cancer. First, the expression level of 
LAG3 in peripheral blood was shown to be closely asso-
ciated with TNM stage, depth of invasion, and degree of 
histological differentiation of gastric cancer, revealing the 
LAG3 expression level as a promising biomarker for the 
diagnosis of gastric cancer [90]. In addition, high expres-
sion of LAG3 in the gastric mucosal immune microenvi-
ronment suggests poor prognosis of gastric cancer [91]. 
High expression of LAG3 was found in patients who 

did not respond to chemotherapy [92]. Increased LAG3 
expression was also observed in patients undergoing gas-
tric cancer surgery [93, 94].

Therefore, LAG3, a newly discovered immunosuppres-
sive molecule, may be an important factor influencing 
the efficacy of gastric cancer immunotherapy, and anti-
LAG3 inhibitors may have potential for developing novel 
immunotherapeutic strategies for the treatment of gas-
tric cancer.

Tim3
Anti-Tim3 inhibitors are currently in phase I clinical tri-
als regarding the treatment of gastric cancer. The open-
label phase I trial NCT03652077 enrolled 40 patients 
with advanced cancer using INCAGN02390 (an anti-
Tim3 inhibitor) as first-line therapy to study its safety, 
tolerability, and initial efficacy (https://​clini​caltr​ials.​gov/).

In the immune microenvironment of gastric cancer tis-
sues, the expression level of Tim3 is significantly higher 
than that in normal gastric mucosa tissues [95, 96], and 
the expression level of Tim3 was shown to be positively 
correlated with PD-1/PD-L1 [88], suggesting that Tim3 
may have an effect on anti-PD-1/PD-L1 immunotherapy.

Currently, few clinical studies have been conducted on 
the use of anti-TIM3 inhibitors in the treatment of gas-
tric cancer. The potential benefits of anti-Tim3 inhibitors 
for gastric cancer patients and their potential for use in 
combination with anti-PD-1/PD-L1 inhibitors in the 
treatment of gastric cancer need further research.

TIGIT
The study of anti-TIGIT inhibitors in gastric cancer 
treatment is in its infancy. The open-label phase II trial 
NCT04933227 is scheduled to treat 60 patients with met-
astatic or relapsed gastric or gastroesophageal junction 
cancer with atezolizumab (anti-PD-L1) and tiragolumab 
(anti-TIGIT) in combination with chemotherapy as first-
line therapy. The open-label, multicenter, randomized 
controlled phase I/II trial NCT05251948 is scheduled to 
treat 90 patients with advanced gastric or gastroesopha-
geal junction cancer with atezolizumab (anti-PD-L1) in 
combination with chemotherapy and tiragolumab (anti-
TIGIT) as second-line therapy. The primary end point of 
both studies was the ORR (https://​clini​caltr​ials.​gov/).

OX40
OX40 agonists are also in the early stages of research in 
gastric cancer treatment. An open-label, nonrandomized, 
controlled phase I trial, NCT04198766, is currently in the 
recruitment phase to study the safety and tolerable dos-
age of the OX40 agonist INBRX-106-Hexavalent, alone 
or in combination with pembrolizumab, in 200 patients 

https://clinicaltrials.gov/
https://clinicaltrials.gov/
https://clinicaltrials.gov/
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with advanced solid tumors, including gastric cancer, as 
second/third-line therapy.

Discussion
Immunotherapy is an important treatment option for 
gastric cancer and has been widely studied. Currently, the 
immunotherapy drugs nivolumab and pembrolizumab 
are included in the treatment guidelines for gastric can-
cer, both of which are PD-1 inhibitors that activate the 
immune system by downregulating the function of 
immunosuppressive molecules, resulting in enhanced 
killing of tumor cells. The effectiveness of anti-PD-1/
PD-L1 inhibitors in gastric cancer immunotherapy is 
dependent on a variety of factors, among which a high 
PD-L1 CPS may be a factor favorably influencing the effi-
cacy of gastric cancer immunotherapy. Although a high 
PD-L1 CPS (with a cutoff CPS value of 1) has shown a 
significant difference in prolonging OS, studies have 
reported that anti-PD-1/PD-L1 inhibitor treatment has 
shown consistent long-term clinical efficacy in a variety 
of tumors regardless of PD-L1 expression [97]. Other risk 
factors, including MSI-H and EBV infection, may also be 
associated with increased gastric cancer immunotherapy 
effectiveness, whereas the effect of H. pylori infection 
needs to be further determined. Current immunothera-
peutic options do not cover all populations, and our 
knowledge of factors associated with better outcomes 
remains inadequate. Therefore, further studies aimed at 
unraveling the associated molecular pathways and find-
ing new influential factors for immunotherapy are vital.

Based on existing research, we can predict the factors 
favorable for successful immunotherapy and thereby 
determine the population suitable for immunotherapy. 
For patients who did not benefit from immunotherapy, 
we can explore the potential factors associated with the 
low effectiveness based on the biological characteristics 
of the tumor, including different kinds of gene mutations 
and abnormal activation of signal pathways, as well as 
using information regarding the patient’s tumor microen-
vironment, the general condition of the patient, and the 
lifestyle of the patient [98].

To effectively study biomarkers, new methods are also 
needed. Omics involves the systematic collection of data 
from certain groups of individuals and has been widely 
used in many areas. Whether metabolomics, gut micro-
biome analysis, and other novel methods can also be used 
to study the biological factors affecting tumors needs to 
be investigated [99, 100]. Using mathematical models is a 
novel way to try to understand the mechanism of cancer 
development, growth and prognosis and may also have 
potential for use in cancer immunotherapy [101].

Immunosuppressive molecules such as CTLA4, 
LAG3, Tim3, and TIGIT may have the same or similar 

effects as PD-1. Clinical studies involving inhibitors 
of these molecules have progressed to phase I/II clini-
cal trials. These trials cover the single-agent safety and 
antitumor efficacy of immunosuppressive molecular 
inhibitors, as well as their efficacy in combination with 
chemotherapeutic agents or anti-PD-1 inhibitors. In 
addition, the expression levels of LAG3 and Tim3 in 
gastric mucosa may be associated with the efficacy of 
anti-PD-1 inhibitor immunotherapy. Novel molecular 
biomarkers, such as Siglec-15, bring new possibilities 
to cancer immunotherapy. The discoveries and research 
(including animal experiments and clinical trials) 
regarding such novel molecules should be boosted. The 
results of these studies will provide new clues for the 
use of anti-PD-1 inhibitors and immunotherapy for gas-
tric cancer, which may bring more benefits to patients 
and improve their prognoses. Regarding the costimu-
latory molecule OX40, its agonist has entered phase I 
clinical trials in gastric cancer treatment, from which 
we expect to see more beneficial results for patients.

Future studies on immune checkpoint inhibitors are 
required to understand the mechanisms through which 
these factors influence the efficacy of immunotherapy 
and to enhance the responses that are beneficial for 
gastric cancer patients.

Acknowledgments
Not applicable.

Authors’ contributions
Hongzhen Cai searched the literature and wrote the manuscript. Ruiyi Deng 
and Man Li rechecked the literature. Yanyan Shi and Mopei Wang designed 
and revised the manuscript. All authors contributed to the article and 
approved the submitted version.

Funding
This study was funded by the National Natural Science Foundation of China 
(Grant No. 81700496) and Peking University Medicine Fund of Fostering Young 
Scholars’ Scientific & Technological Innovation (BMU2021PY002).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Author details
1 Research Center of Clinical Epidemiology, Peking University Third Hospital, 
Beijing 100191, People’s Republic of China. 2 Peking University Health Science 
Center, Beijing 100191, People’s Republic of China. 3 Department of Medical 



Page 11 of 13Cai et al. Biomarker Research           (2022) 10:67 	

Oncology and Radiation Sickness, Peking University Third Hospital, Bei-
jing 100191, People’s Republic of China. 

Received: 9 June 2022   Accepted: 20 August 2022

References
	 1.	 Ang TL, Fock KM. Clinical epidemiology of gastric cancer. Singap Med J. 

2014;55(12):621–8.
	 2.	 Sexton RE, Al Hallak MN, Diab M, Azmi AS. Gastric cancer: a compre-

hensive review of current and future treatment strategies. Cancer 
Metastasis Rev. 2020;39(4):1179–203.

	 3.	 Ono H, Yao K, Fujishiro M, Oda I, Uedo N, Nimura S, et al. Guidelines for 
endoscopic submucosal dissection and endoscopic mucosal resection 
for early gastric cancer (second edition). Dig Endosc. 2021;33(1):4–20.

	 4.	 Fugazzola P, Ansaloni L, Sartelli M, Catena F, Cicuttin E, Leandro G, 
et al. Advanced gastric cancer: the value of surgery. Acta Biomed. 
2018;89(8-s):110–6.

	 5.	 Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki 
A, et al. Trastuzumab in combination with chemotherapy versus 
chemotherapy alone for treatment of HER2-positive advanced gastric 
or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label, 
randomised controlled trial. Lancet. 2010;376(9742):687–97.

	 6.	 Fuchs CS, Tomasek J, Yong CJ, Dumitru F, Passalacqua R, Goswami C, 
et al. Ramucirumab monotherapy for previously treated advanced 
gastric or gastro-oesophageal junction adenocarcinoma (REGARD): an 
international, randomised, multicentre, placebo-controlled, phase 3 
trial. Lancet. 2014;383(9911):31–9.

	 7.	 Waddell T, Chau I, Cunningham D, Gonzalez D, Okines AF, Okines C, 
et al. Epirubicin, oxaliplatin, and capecitabine with or without panitu-
mumab for patients with previously untreated advanced oesophago-
gastric cancer (REAL3): a randomised, open-label phase 3 trial. Lancet 
Oncol. 2013;14(6):481–9.

	 8.	 Song Z, Wu Y, Yang J, Yang D, Fang X. Progress in the treatment of 
advanced gastric cancer. Tumour Biol. 2017;39(7):1010428317714626.

	 9.	 Joshi SS, Badgwell BD. Current treatment and recent progress in gastric 
cancer. CA Cancer J Clin. 2021;71(3):264–79.

	 10.	 Ajani JA, D’Amico TA, Bentrem DJ, Chao J, Cooke D, Corvera C, 
et al. Gastric Cancer, version 2.2022. J Natl Compr Cancer Netw. 
2022;20(2):167–92.

	 11.	 Hinshaw DC, Shevde LA. The tumor microenvironment innately modu-
lates cancer progression. Cancer Res. 2019;79(18):4557–66.

	 12.	 Quail DF, Joyce JA. Microenvironmental regulation of tumor progres-
sion and metastasis. Nat Med. 2013;19(11):1423–37.

	 13.	 Oya Y, Hayakawa Y, Koike K. Tumor microenvironment in gastric cancers. 
Cancer Sci. 2020;111(8):2696–707.

	 14.	 Thommen DS, Schumacher TN. T cell dysfunction in cancer. Cancer Cell. 
2018;33(4):547–62.

	 15.	 Guerder S, Flavell RA. T-cell activation. Two for T. Curr Biol. 
1995;5(8):866–8.

	 16.	 Chen L, Flies DB. Molecular mechanisms of T cell co-stimulation and 
co-inhibition. Nat Rev Immunol. 2013;13(4):227–42.

	 17.	 Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands in toler-
ance and immunity. Annu Rev Immunol. 2008;26:677–704.

	 18.	 Chi Z, Lu Y, Yang Y, Li B, Lu P. Transcriptional and epigenetic regulation of 
PD-1 expression. Cell Mol Life Sci. 2021;78(7):3239–46.

	 19.	 Dai X, Gao Y, Wei W. Post-translational regulations of PD-L1 and PD-1: 
mechanisms and opportunities for combined immunotherapy. Semin 
Cancer Biol. 2021;S1044-579X(21)00103–6.

	 20.	 Ahmadzadeh M, Johnson LA, Heemskerk B, Wunderlich JR, Dudley 
ME, White DE, et al. Tumor antigen-specific CD8 T cells infiltrating the 
tumor express high levels of PD-1 and are functionally impaired. Blood. 
2009;114(8):1537–44.

	 21.	 Jiang X, Wang J, Deng X, Xiong F, Ge J, Xiang B, et al. Role of the tumor 
microenvironment in PD-L1/PD-1-mediated tumor immune escape. 
Mol Cancer. 2019;18(1):10.

	 22.	 Wu X, Gu Z, Chen Y, Chen B, Chen W, Weng L, et al. Application of PD-1 
blockade in Cancer immunotherapy. Comput Struct Biotechnol J. 
2019;17:661–74.

	 23.	 Strauss L, Mahmoud MAA, Weaver JD, Tijaro-Ovalle NM, Christofides 
A, Wang Q, et al. Targeted deletion of PD-1 in myeloid cells induces 
antitumor immunity. Sci Immunol. 2020;5(43):eaay1863.

	 24.	 Dabbagh TZ, Sughayer MA. PD-L1 expression harmonization in gastric 
cancer using 22C3 PharmDx and SP263 assays. Appl Immunohisto-
chem Mol Morphol. 2021;29(6):462–6.

	 25.	 Liu X, Choi MG, Kim K, Kim KM, Kim ST, Park SH, et al. High PD-L1 expres-
sion in gastric cancer (GC) patients and correlation with molecular 
features. Pathol Res Pract. 2020;216(4):152881.

	 26.	 Park Y, Koh J, Na HY, Kwak Y, Lee KW, Ahn SH, et al. PD-L1 testing in 
gastric Cancer by the combined positive score of the 22C3 PharmDx 
and SP263 assay with clinically relevant cut-offs. Cancer Res Treat. 
2020;52(3):661–70.

	 27.	 Thompson ED, Zahurak M, Murphy A, Cornish T, Cuka N, Abdelfa-
tah E, et al. Patterns of PD-L1 expression and CD8 T cell infiltration 
in gastric adenocarcinomas and associated immune stroma. Gut. 
2017;66(5):794–801.

	 28.	 Brunet JF, Denizot F, Luciani MF, Roux-Dosseto M, Suzan M, Mattei MG, 
et al. A new member of the immunoglobulin superfamily-CTLA-4. 
Nature. 1987;328(6127):267–70.

	 29.	 Gardner D, Jeffery LE, Sansom DM. Understanding the CD28/CTLA-4 
(CD152) pathway and its implications for costimulatory blockade. Am J 
Transplant. 2014;14(9):1985–91.

	 30.	 Rowshanravan B, Halliday N, Sansom DM. CTLA-4: a moving target in 
immunotherapy. Blood. 2018;131(1):58–67.

	 31.	 Shitara K, Ajani JA, Moehler M, Garrido M, Gallardo C, Shen L, et al. 
Nivolumab plus chemotherapy or ipilimumab in gastro-oesophageal 
cancer. Nature. 2022;603(7903):942–8.

	 32.	 Triebel F, Jitsukawa S, Baixeras E, Roman-Roman S, Genevee C, Viegas-
Pequignot E, et al. LAG-3, a novel lymphocyte activation gene closely 
related to CD4. J Exp Med. 1990;171(5):1393–405.

	 33.	 Huard B, Mastrangeli R, Prigent P, Bruniquel D, Donini S, El-Tayar N, et al. 
Characterization of the major histocompatibility complex class II bind-
ing site on LAG-3 protein. Proc Natl Acad Sci U S A. 1997;94(11):5744–9.

	 34.	 Ruffo E, Wu RC, Bruno TC, Workman CJ, Vignali DAA. Lymphocyte-
activation gene 3 (LAG3): the next immune checkpoint receptor. Semin 
Immunol. 2019;42:101305.

	 35.	 Lecocq Q, Keyaerts M, Devoogdt N, Breckpot K. The next-generation 
immune checkpoint LAG-3 and its therapeutic potential in oncology: 
third Time’s a charm. Int J Mol Sci. 2020;22(1):75.

	 36.	 Wolf Y, Anderson AC, Kuchroo VK. TIM3 comes of age as an inhibitory 
receptor. Nat Rev Immunol. 2020;20(3):173–85.

	 37.	 Yang X, Li M, Qin X, Tan S, Du L, Ma C, et al. Photophosphatidylserine 
guides natural killer cell Photoimmunotherapy via Tim-3. J Am Chem 
Soc. 2022;144(9):3863–74.

	 38.	 Martin GE, Sen DR, Pace M, Robinson N, Meyerowitz J, Adland E, et al. 
Epigenetic features of HIV-induced T-cell exhaustion persist despite 
early antiretroviral therapy. Front Immunol. 2021;12:647688.

	 39.	 Qiu Y, Chen J, Liao H, Zhang Y, Wang H, Li S, et al. Tim-3-expressing 
CD4+ and CD8+ T cells in human tuberculosis (TB) exhibit polarized 
effector memory phenotypes and stronger anti-TB effector functions. 
Plos Pathog. 2012;8(11):e1002984.

	 40.	 Zhu C, Anderson AC, Schubart A, Xiong H, Imitola J, Khoury SJ, et al. The 
Tim-3 ligand galectin-9 negatively regulates T helper type 1 immunity. 
Nat Immunol. 2005;6(12):1245–52.

	 41.	 Gautron AS, Dominguez-Villar M, de Marcken M, Hafler DA. Enhanced 
suppressor function of TIM-3+ FoxP3+ regulatory T cells. Eur J Immu-
nol. 2014;44(9):2703–11.

	 42.	 Anderson AC, Joller N, Kuchroo VK. Lag-3, Tim-3, and TIGIT: co-inhibitory 
receptors with specialized functions in immune regulation. Immunity. 
2016;44(5):989–1004.

	 43.	 Zhang Q, Bi J, Zheng X, Chen Y, Wang H, Wu W, et al. Blockade of the 
checkpoint receptor TIGIT prevents NK cell exhaustion and elicits 
potent anti-tumor immunity. Nat Immunol. 2018;19(7):723–32.

	 44.	 Wang J, Sun J, Liu LN, Flies DB, Nie X, Toki M, et al. Siglec-15 as an 
immune suppressor and potential target for normalization cancer 
immunotherapy. Nat Med. 2019;25(4):656–66.

	 45.	 Xie F, Wang Q, Chen Y, Gu Y, Shi Q, Ge Y, et al. Characterization and 
application of two novel monoclonal antibodies against human OX40: 
costimulation of T cells and expression on tumor as well as normal 
gland tissues. Tissue Antigens. 2006;67(4):307–17.



Page 12 of 13Cai et al. Biomarker Research           (2022) 10:67 

	 46.	 Nakagawa H, Iizuka H, Nemoto O, Shimabe M, Furukawa Y, Kikuta N, 
et al. Safety, tolerability and efficacy of repeated intravenous infusions 
of KHK4083, a fully human anti-OX40 monoclonal antibody, in Japanese 
patients with moderate to severe atopic dermatitis. J Dermatol Sci. 
2020;99(2):82–9.

	 47.	 Papp KA, Gooderham MJ, Girard G, Raman M, Strout V. Phase I ran-
domized study of KHK4083, an anti-OX40 monoclonal antibody, in 
patients with mild to moderate plaque psoriasis. J Eur Acad Dermatol 
Venereol. 2017;31(8):1324–32.

	 48.	 Martins MR, Santos RLD, Jatahy KDN, Matta MCD, Batista TP, Júnior 
JIC, et al. Could OX40 agonist antibody promote activation of the 
anti-tumor immune response in gastric cancer? J Surg Oncol. 
2018;117(5):840–4.

	 49.	 Fischbach W, Malfertheiner P. Helicobacter pylori infection. Dtsch 
Arztebl Int. 2018;115(25):429–36.

	 50.	 Burucoa C, Axon A. Epidemiology of Helicobacter pylori infection. 
Helicobacter. 2017;22(Suppl):1.

	 51.	 Baj J, Korona-Głowniak I, Forma A, Maani A, Sitarz E, Rahnama-Hezavah 
M, et al. Mechanisms of the epithelial-mesenchymal transition and 
tumor microenvironment in Helicobacter pylori-induced gastric cancer. 
Cells. 2020;9(4):1055.

	 52.	 Holokai L, Chakrabarti J, Broda T, Chang J, Hawkins JA, Sundaram 
N, et al. Increased programmed death-ligand 1 is an early epi-
thelial cell response to Helicobacter pylori infection. Plos Pathog. 
2019;15(1):e1007468.

	 53.	 Aydın EM, Demir TD, Seymen N, Said SS, Oktem-Okullu S, Tiftikci A, et al. 
The crosstalk between H. pylori virulence factors and the PD1:PD-L1 
immune checkpoint inhibitors in progression to gastric cancer. Immu-
nol Lett. 2021;239:1–11.

	 54.	 Shen B, Qian A, Lao W, Li W, Chen X, Zhang B, et al. Relationship 
between Helicobacter pylori and expression of programmed death-1 
and its ligand in gastric intraepithelial neoplasia and early-stage gastric 
cancer. Cancer Manag Res. 2019;11:3909–19.

	 55.	 Kang YK, Chen LT, Ryu MH, Oh DY, Oh SC, Chung HC, et al. Nivolumab 
plus chemotherapy versus placebo plus chemotherapy in patients with 
HER2-negative, untreated, unresectable advanced or recurrent gastric 
or gastro-oesophageal junction cancer (ATT​RAC​TION-4): a randomised, 
multicentre, double-blind, placebo-controlled, phase 3 trial. Lancet 
Oncol. 2022;23(2):234–47.

	 56.	 Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, et al. 
First-line nivolumab plus chemotherapy versus chemotherapy alone 
for advanced gastric, gastro-oesophageal junction, and oesophageal 
adenocarcinoma (CheckMate 649): a randomised, open-label, phase 3 
trial. Lancet. 2021;398(10294):27–40.

	 57.	 Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in 
patients with advanced gastric or gastro-oesophageal junction cancer 
refractory to, or intolerant of, at least two previous chemotherapy 
regimens (ONO-4538-12, ATT​RAC​TION-2): a randomised, double-blind, 
placebo-controlled, phase 3 trial. Lancet. 2017;390(10111):2461–71.

	 58.	 Boku N, Satoh T, Ryu MH, Chao Y, Kato K, Chung HC, et al. Nivolumab 
in previously treated advanced gastric cancer (ATT​RAC​TION-2): 
3-year update and outcome of treatment beyond progression with 
nivolumab. Gastric Cancer. 2021;24(4):946–58.

	 59.	 Kelly RJ, Ajani JA, Kuzdzal J, Zander T, Van Cutsem E, Piessen G, et al. 
Adjuvant Nivolumab in resected esophageal or gastroesophageal junc-
tion Cancer. N Engl J Med. 2021;384(13):1191–203.

	 60.	 Fukuoka S, Hara H, Takahashi N, Kojima T, Kawazoe A, Asayama 
M, et al. Regorafenib plus Nivolumab in patients with advanced 
gastric or colorectal Cancer: An open-label, dose-escalation, and 
dose-expansion phase Ib trial (REGONIVO, EPOC1603). J Clin Oncol. 
2020;38(18):2053–61.

	 61.	 Shitara K, Van Cutsem E, Bang YJ, Fuchs C, Wyrwicz L, Lee KW, et al. 
Efficacy and safety of Pembrolizumab or Pembrolizumab plus chemo-
therapy vs chemotherapy alone for patients with first-line, advanced 
gastric Cancer: the KEYNOTE-062 phase 3 randomized clinical trial. 
JAMA Oncol. 2020;6(10):1571–80.

	 62.	 Janjigian YY, Kawazoe A, Yañez P, Li N, Lonardi S, Kolesnik O, et al. The 
KEYNOTE-811 trial of dual PD-1 and HER2 blockade in HER2-positive 
gastric cancer. Nature. 2021;600(7890):727–30.

	 63.	 Shitara K, Özgüroğlu M, Bang YJ, Di Bartolomeo M, Mandalà M, Ryu 
MH, et al. Pembrolizumab versus paclitaxel for previously treated, 

advanced gastric or gastro-oesophageal junction cancer (KEY-
NOTE-061): a randomised, open-label, controlled, phase 3 trial. Lancet. 
2018;392(10142):123–33.

	 64.	 Fuchs CS, Özgüroğlu M, Bang YJ, Di Bartolomeo M, Mandala M, Ryu 
MH, et al. Pembrolizumab versus paclitaxel for previously treated 
PD-L1-positive advanced gastric or gastroesophageal junction cancer: 
2-year update of the randomized phase 3 KEYNOTE-061 trial. Gastric 
Cancer. 2022;25(1):197–206.

	 65.	 Xue LJ, Mao XB, Liu XB, Gao H, Chen YN, Dai TT, et al. Activation of 
CD3(+) T cells by Helicobacter pylori DNA vaccines in potential immu-
notherapy of gastric carcinoma. Cancer Biol Ther. 2019;20(6):866–76.

	 66.	 Kwon M, An M, Klempner SJ, Lee H, Kim KM, Sa JK, et al. Determinants 
of response and intrinsic resistance to PD-1 blockade in microsatellite 
instability-high gastric Cancer. Cancer Discov. 2021;11(9):2168–85.

	 67.	 Kamada T, Togashi Y, Tay C, Ha D, Sasaki A, Nakamura Y, et al. PD-1(+) 
regulatory T cells amplified by PD-1 blockade promote hyperprogres-
sion of cancer. Proc Natl Acad Sci U S A. 2019;116(20):9999–10008.

	 68.	 Janjigian YY, Bendell J, Calvo E, Kim JW, Ascierto PA, Sharma P, et al. 
CheckMate-032 study: efficacy and safety of Nivolumab and Nivolumab 
plus Ipilimumab in patients with metastatic Esophagogastric Cancer. J 
Clin Oncol. 2018;36(28):2836–44.

	 69.	 Bang YJ, Cho JY, Kim YH, Kim JW, Di Bartolomeo M, Ajani JA, et al. 
Efficacy of sequential Ipilimumab monotherapy versus best supportive 
care for unresectable locally advanced/metastatic gastric or gastroe-
sophageal junction cancer. Clin Cancer Res. 2017;23(19):5671–8.

	 70.	 Tintelnot J, Goekkurt E, Binder M, Thuss-Patience P, Lorenzen S, 
Knorrenschild JR, et al. Ipilimumab or FOLFOX with Nivolumab and 
Trastuzumab in previously untreated HER2-positive locally advanced or 
metastatic EsophagoGastric adenocarcinoma - the randomized phase 
2 INTEGA trial (AIO STO 0217). BMC Cancer. 2020;20(1):503.

	 71.	 Ralph C, Elkord E, Burt DJ, O’Dwyer JF, Austin EB, Stern PL, et al. Modula-
tion of lymphocyte regulation for cancer therapy: a phase II trial of 
tremelimumab in advanced gastric and esophageal adenocarcinoma. 
Clin Cancer Res. 2010;16(5):1662–72.

	 72.	 Chung HC, Kang YK, Chen Z, Bai Y, Wan Ishak WZ, Shim BY, et al. Pem-
brolizumab versus paclitaxel for previously treated advanced gastric or 
gastroesophageal junction cancer (KEYNOTE-063): a randomized, open-
label, phase 3 trial in Asian patients. Cancer. 2022;128(5):995–1003.

	 73.	 Marabelle A, Le DT, Ascierto PA, Di Giacomo AM, De Jesus-Acosta A, 
Delord JP, et al. Efficacy of Pembrolizumab in patients with non-
colorectal high microsatellite instability/mismatch repair-deficient 
Cancer: results from the phase II KEYNOTE-158 study. J Clin Oncol. 
2020;38(1):1–10.

	 74.	 Kawazoe A, Fukuoka S, Nakamura Y, Kuboki Y, Wakabayashi M, Nomura 
S, et al. Lenvatinib plus pembrolizumab in patients with advanced 
gastric cancer in the first-line or second-line setting (EPOC1706): an 
open-label, single-arm, phase 2 trial. Lancet Oncol. 2020;21(8):1057–65.

	 75.	 Oaknin A, Tinker AV, Gilbert L, Samouëlian V, Mathews C, Brown J, et al. 
Clinical activity and safety of the anti-programmed death 1 monoclonal 
antibody Dostarlimab for patients with recurrent or advanced mis-
match repair-deficient endometrial Cancer: a nonrandomized phase 1 
clinical trial. JAMA Oncol. 2020;6(11):1766–72.

	 76.	 Shitara K, Özgüroğlu M, Bang YJ, Di Bartolomeo M, Mandalà M, Ryu 
MH, et al. Molecular determinants of clinical outcomes with pem-
brolizumab versus paclitaxel in a randomized, open-label, phase III 
trial in patients with gastroesophageal adenocarcinoma. Ann Oncol. 
2021;32(9):1127–36.

	 77.	 Kawazoe A, Yamaguchi K, Yasui H, Negoro Y, Azuma M, Amagai K, et al. 
Safety and efficacy of pembrolizumab in combination with S-1 plus 
oxaliplatin as a first-line treatment in patients with advanced gastric/
gastroesophageal junction cancer: cohort 1 data from the KEY-
NOTE-659 phase IIb study. Eur J Cancer. 2020;129:97–106.

	 78.	 Kim ST, Cristescu R, Bass AJ, Kim KM, Odegaard JI, Kim K, et al. Com-
prehensive molecular characterization of clinical responses to PD-1 
inhibition in metastatic gastric cancer. Nat Med. 2018;24(9):1449–58.

	 79.	 Oster P, Vaillant L, Riva E, McMillan B, Begka C, Truntzer C, et al. Heli-
cobacter pylori infection has a detrimental impact on the efficacy of 
cancer immunotherapies. Gut. 2022;71(3):457–66.

	 80.	 Raimondi A, Palermo F, Prisciandaro M, Aglietta M, Antonuzzo L, Aprile 
G, et al. TremelImumab and Durvalumab combination for the non-
OperatIve management (NOM) of microsatellite InstabiliTY (MSI)-high 



Page 13 of 13Cai et al. Biomarker Research           (2022) 10:67 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Resectable gastric or gastroesophageal junction Cancer: the multicen-
tre, single-arm, multi-cohort, phase II INFINITY study. Cancers (Basel). 
2021;13(11):2839.

	 81.	 Evrard C, Louvet C, Hajbi FE, Fiore FD, Malicot KL, Aparicio T, et al. 
PRODIGE 59-DURIGAST trial: a randomised phase II study evaluating 
FOLFIRI + Durvalumab ± Tremelimumab in second-line of patients 
with advanced gastric cancer. Dig Liver Dis. 2021;53(4):420–6.

	 82.	 Ramos-Casals M, Brahmer JR, Callahan MK, Flores-Chávez A, Keegan N, 
Khamashta MA, et al. Immune-related adverse events of checkpoint 
inhibitors. Nat Rev Dis Primers. 2020;6(1):38.

	 83.	 Zhang Y, Du X, Liu M, Tang F, Zhang P, Ai C, et al. Hijacking antibody-
induced CTLA-4 lysosomal degradation for safer and more effective 
cancer immunotherapy. Cell Res. 2019;29(8):609–27.

	 84.	 Tawbi HA, Schadendorf D, Lipson EJ, Ascierto PA, Matamala L, Castillo 
Gutiérrez E, et al. Relatlimab and Nivolumab versus Nivolumab in 
untreated advanced melanoma. N Engl J Med. 2022;386(1):24–34.

	 85.	 Lei M, Siemers NO, Pandya D, Chang H, Sanchez T, Harbison C, et al. 
Analyses of PD-L1 and inflammatory gene expression association with 
efficacy of Nivolumab ± Ipilimumab in gastric cancer/gastroesopha-
geal junction cancer. Clin Cancer Res. 2021;27(14):3926–35.

	 86.	 Ohmura H, Yamaguchi K, Hanamura F, Ito M, Makiyama A, Uchino K, 
et al. OX40 and LAG3 are associated with better prognosis in advanced 
gastric cancer patients treated with anti-programmed death-1 anti-
body. Br J Cancer. 2020;122(10):1507–17.

	 87.	 de Klerk LK, Patel AK, Derks S, Pectasides E, Augustin J, Uduman 
M, et al. Phase II study of pembrolizumab in refractory esophageal 
cancer with correlates of response and survival. J Immunother Cancer. 
2021;9(9):e002472.

	 88.	 Park Y, Seo AN, Koh J, Nam SK, Kwak Y, Ahn SH, et al. Expression of 
the immune checkpoint receptors PD-1, LAG3, and TIM3 in the 
immune context of stage II and III gastric cancer by using single and 
chromogenic multiplex immunohistochemistry. Oncoimmunology. 
2021;10(1):1954761.

	 89.	 Mimura K, Kua LF, Xiao JF, Asuncion BR, Nakayama Y, Syn N, et al. 
Combined inhibition of PD-1/PD-L1, lag-3, and Tim-3 axes augments 
antitumor immunity in gastric cancer-T cell coculture models. Gastric 
Cancer. 2021;24(3):611–23.

	 90.	 Li N, Jilisihan B, Wang W, Tang Y, Keyoumu S. Soluble LAG3 acts as a 
potential prognostic marker of gastric cancer and its positive correla-
tion with CD8+T cell frequency and secretion of IL-12 and INF-γ in 
peripheral blood. Cancer Biomark. 2018;23(3):341–51.

	 91.	 Lv K, Li R, Cao Y, Gu Y, Liu X, He X, et al. Lymphocyte-activation gene 3 
expression associates with poor prognosis and immunoevasive con-
texture in Epstein-Barr virus-positive and MLH1-defective gastric cancer 
patients. Int J Cancer. 2021;148(3):759–68.

	 92.	 Kim R, An M, Lee H, Mehta A, Heo YJ, Kim KM, et al. Early Tumor-Immune 
Microenvironmental Remodeling and Response to First-Line Fluoro-
pyrimidine and Platinum Chemotherapy in Advanced Gastric Cancer. 
Cancer Discov. 2022;12(4):984–1001.

	 93.	 Li SM, Gong YX, Zhang ZZ, Zhang W, Liu ZQ, Li BZ. Effect of radical 
surgery for advanced adenocarcinoma of Esophagogastric junction on 
perioperative cellular cell immunity. J Investig Surg. 2021;34(2):134–41.

	 94.	 Takaya S, Saito H, Ikeguchi M. Upregulation of immune checkpoint 
molecules, PD-1 and LAG-3, on CD4+ and CD8+ T cells after gastric 
cancer surgery. Yonago Acta Med. 2015;58(1):39–44.

	 95.	 Cheng G, Li M, Wu J, Ji M, Fang C, Shi H, et al. Expression of Tim-3 in 
gastric cancer tissue and its relationship with prognosis. Int J Clin Exp 
Pathol. 2015;8(8):9452–7.

	 96.	 Yu J, Zhang H, Sun S, Sun S, Li L. The effects of Tim-3 activation on 
T-cells in gastric cancer progression. Oncol Lett. 2019;17(2):1461–6.

	 97.	 Shen X, Zhao B. Efficacy of PD-1 or PD-L1 inhibitors and PD-L1 expres-
sion status in cancer: meta-analysis. BMJ. 2018;362:k3529.

	 98.	 Morad G, Helmink BA, Sharma P, Wargo JA. Hallmarks of response, 
resistance, and toxicity to immune checkpoint blockade. Cell. 
2022;185(3):576.

	 99.	 Schmidt DR, Patel R, Kirsch DG, Lewis CA, Vander Heiden MG, Locasale 
JW. Metabolomics in cancer research and emerging applications in 
clinical oncology. CA Cancer J Clin. 2021;71(4):333–58.

	100.	 Cammarota G, Ianiro G, Ahern A, Carbone C, Temko A, Claesson MJ, 
et al. Gut microbiome, big data and machine learning to promote 

precision medicine for cancer. Nat Rev Gastroenterol Hepatol. 
2020;17(10):635–48.

	101.	 Byrne HM. Dissecting cancer through mathematics: from the cell to the 
animal model. Nat Rev Cancer. 2010;10(3):221–30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Advances in molecular biomarkers research and clinical application progress for gastric cancer immunotherapy
	Abstract 
	Background
	Gastric cancer and clinical therapy
	Characteristics of the gastric mucosal immune microenvironment

	Clinical research status of gastric cancer immunotherapy biomarkers
	PD-1
	CTLA4
	LAG3
	Tim3
	TIGIT
	OX40

	Discussion
	Acknowledgments
	References


