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Abstract
Gastric cancer (GC) is believed to be the fifth most common cancer and the third 
most common cause of death worldwide. Treatment techniques include radiation, 
chemotherapy, gastrectomy, and targeted treatments are often employed. Some 
hopeful results from the development of GC immunotherapy have already 
changed treatment approaches. Along with previous combination medicines, new 
immunotherapies have been developed that target distinct molecules. Despite 
ongoing studies into the current therapeutic options and significant improve-
ments in this field, the prognosis for the ailment is poor. Since there are few 
treatment options and a delay in detection, the illness actually advances, spreads, 
and metastasizes. The bulk of immunotherapies in use today rely on cytotoxic 
immune cells, monoclonal antibodies, and gene-transferred vaccines. Immune 
checkpoint inhibitors have become more popular. In this review, we sought to 
examine the viewpoint and development of several immunotherapy treatment 
modalities for advanced GC, as well as the clinical results thus far reported. 
Additionally, we outlined tumor immune escape and tumor immunosurveillance.

Key Words: Immunotherapy; Advanced gastric cancer; Personalized medicine; 
Biomarkers; Chemotherapy; Cancer vaccine
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Core Tip: Throughout the globe, gastric cancer (GC) is ranked as the fifth most frequent cancer and the 
third most common cause of death. Chemotherapy, radiation, stomach resection, and targeted treatments 
are common treatment modalities. The development of immunotherapy for GC has already produced some 
encouraging outcomes and changed the treatment process. Currently, new immunotherapies that target 
novel molecules, as well as other combination treatments, have been developed. Immune checkpoint 
inhibitors are being used more and more often. In this review, we sought to examine the viewpoint, 
development, and reported clinical results of several immunotherapy treatment modalities for advanced 
GC patients.

Citation: Leowattana W, Leowattana P, Leowattana T. Immunotherapy for advanced gastric cancer. World J 
Methodol 2023; 13(3): 79-97
URL: https://www.wjgnet.com/2222-0682/full/v13/i3/79.htm
DOI: https://dx.doi.org/10.5662/wjm.v13.i3.79

INTRODUCTION
The third leading cause of cancer-related mortality is gastric cancer (GC), which includes adenocar-
cinomas of the gastroesophageal junction (GEJ) and stomach. GC is the fifth most frequent cancer 
around the globe. Eastern Europe, Eastern Asia, and South America have the highest prevalence rates of 
GC. The majority of patients in Western nations receive their diagnoses at an advanced stage, which is 
defined by metastatic dissemination that is inoperable[1-3]. Long-term disease control has not yet been 
accomplished, despite the emergence of novel treatments. As a result, advanced GC (AGC) has a terrible 
prognosis, with a 5-year survival rate of only 10%. While cardiac GC is more common in North 
America, Australia, and the United Kingdom, non-cardiac GC is more common in Eastern Asia. The 
most well-known cause of GC is Helicobacter pylori (H. pylori) infection, while Epstein-Barr virus (EBV) 
infection has also been associated with the development of GC. Cigarette smoking, obesity, a high salt 
intake, a poor intake of fruits and vegetables, and a high intake of salted preserved foods are some 
lifestyle choices that have been linked to an increased risk of GC[4,5].

The prognosis for AGC is still bleak despite recent improvements in multimodal therapy. The GC's 
extremely complicated molecular basis is one of the factors contributing to its dismal prognosis. 
Numerous genetic and epigenetic changes, including differential gene expression, gene mutations, 
DNA/histone methylation, and somatic copy number changes, have been shown to contribute to the 
aggressive phenotype of GC. No encouraging and treatable causes of GC have yet been discovered, 
regardless of the fact that it is a diverse disease that is probably caused by several genetic and epigenetic 
abnormalities[6-8]. Although no successful therapies based on molecular characterization have been 
created yet, the creation of more effective treatment strategies based on novel molecular data may be 
feasible in the future. Nowadays, the median survival time with the best supportive care varies from 4 
mo to 12 mo with standard cytotoxic treatment. Throughout the last several decades, advances in 
knowledge of cancer's molecular etiology and biology have resulted in the creation of innovative 
targeted therapy techniques that have led to higher survival rate in some contexts. These targeted 
therapies are also offered as small molecule inhibitors and monoclonal antibodies (mAbs), most of 
which are tyrosine kinase inhibitors (TKIs). Therefore, current systemic therapies for metastatic GC 
combine cytotoxic chemotherapy with first- and second-line therapies using targeted medicines such as 
trastuzumab and ramucirumab, respectively. Additionally, the establishment of immune checkpoint 
inhibition in the past ten years has been recognized as a significant medical and scientific advancement 
in the battle against malignancy; however, studies looking at the use of immunotherapy in GCs, either 
as a single agent or in conjunction with cytotoxic chemotherapy, have only produced limited author-
ization in the second-line setting, after the failure of the initial treatment, with comparably modest rates 
of response ranging between 5% and 30%[9-11]. The goal of this review is to quickly highlight some of 
the most promising immunotherapies now being researched while also summarizing the currently 
investigated and authorized treatments for GC.

EPIDEMIOLOGY
GC is often asymptomatic in the early stages, making it challenging to purposefully discover. Late 
diagnosis is mostly to account for the high mortality of GC. In order to lower GC mortality, early identi-
fication and treatment are essential[12,13]. Some East Asian nations with high relative risks have 
implemented their own extensive screening programs. Regardless of whether an individual has 
symptoms, upper gastrointestinal endoscopy is available in these nations. Endoscopic screening can 
lower GC mortality by 67% compared to radiography screening, according to Japanese population-

https://www.wjgnet.com/2222-0682/full/v13/i3/79.htm
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based cohort research[14]. Endoscopy was the most economical screening technique, according to data 
from the National Cancer Screening Program in South Korea, which may enhance survival rates[15]. In 
addition, the quality of endoscopic imaging has recently dramatically improved. Endoscopy using 
image enhancement techniques, including narrow-band imaging, can help with early GC discovery and 
complete endoscopic resection. Indeed, these active screening methods have resulted in earlier 
discovery and a higher survival rate[16,17]. The 5-year relative survival rate in Japan between 2009 and 
2011 was reported at 66.6%, with more than 60% of cases of GC being discovered at stage I, according to 
population-based statistics collected countrywide[18]. In contrast to Asian nations, Western nations lack 
widespread screening programs, which causes discovery to occur later. According to the SEER-based 
CONCORD-2 research in the United States, only 22.1% (2001-2003) or 24.9% (2004-2009) of patients had 
a localized stage at diagnosis, and in comparison to Asian countries, the stated 5-year survival rate was 
lower (26.1% from 2001-2003 and 29.0% from 2004-2009)[19]. Western nations have a higher prevalence 
of GC in the proximal third. Proximal GCs are more likely to be in an advanced stage at presentation, be 
larger, and have a histology that is poorly differentiated. The poorer survivability in the West may be 
explained by this[20,21].

In particular, for intestinal-type distal carcinoma, H. pylori infection raises cancer risk. In comparison 
to Europe (47.0%) and North America (37.1%), Asia has a greater prevalence of H. pylori (54.7%). It is 
well known that the elimination of H. pylori causes the symptoms of atrophic gastritis to return. It is 
hypothesized that intestinal metaplasia in chronic gastritis caused by H. pylori is less likely to improve 
with H. pylori eradication than atrophic gastritis alone. The comparative risk of getting GC following the 
removal of H. pylori was 0.65, according to a meta-analysis. While extensive intestinal metaplasia occurs, 
there is little data to suggest that treating the H. pylori infection lowers the risk of GC[22]. Yan et al[23] 
recently completed a randomized, placebo-controlled study to assess the long-term impact of H. pylori 
eradication medication on the incidence and death of GC in a high-risk group. A total of 1630 
asymptomatic H. pylori-infected people were randomly allocated to undergo conventional triple 
treatment for H. pylori eradication (n = 817) or a placebo (n = 813), and were then followed up for 26.5 
years. There were 35 people in the placebo group (4.31%) and 21 people (2.57%) in the treatment group 
who tested positive for GC. H. pylori medication patients had a lower chance of developing GC in 
comparison to the placebo group [hazard ratio (HR): 0.57; 95%CI: 0.33-0.98]. They concluded that 
eradicating H. pylori may provide long-term protection against GC in high-risk groups, particularly in 
infected individuals who did not have precancerous gastric lesions at baseline.

MOLECULAR GENETIC
GC is a molecularly diverse malignancy with several genetic mutations. Based on histological results, 
the Lauren classification originally divided GC into two types (intestinal and diffuse). However, it is 
unable to reliably predict treatment outcomes and prognosis because it fails to take into consideration 
the variable nature of GC[24]. The Cancer Genome Atlas (TCGA), by classifying patients into four 
distinct molecular subtypes based on six different molecular subtypes, has provided a detailed 
depiction of the genetic underpinnings of GC: (1) Tumors positive for EBV, which display recurrent 
PIK3CA mutations, extreme DNA hypermethylation, and amplification of Janus-associated kinase 2, 
programmed cell death ligand-1 (PD-L1), and PD-L2; (2) microsatellite unstable tumors have high 
mutation rates, including changes in the genes producing proteins that can be targeted to cause cancer; 
(3) genomically stable tumors that are enriched for mutations in Ras homolog family member A or 
fusions involving RHO family GTPase-activating proteins as well as diffuse histological variation; and 
(4) chromosomally unstable tumors with pronounced aneuploidy and localized receptor tyrosine kinase 
amplification (Table 1)[25]. Moreover, because of the complexity of GC, the Asian Cancer Research 
Group (ACRG) subtypes were introduced to enhance classification[26-28]. Although the TCGA classi-
fication is extensive and provides clinically useful information, no classification method includes all 
clinically meaningful signals. This would be required to best lead a customized strategy (Figure 1).

Another group, ACRG, developed a different categorization scheme by dividing GC into four 
subgroups based on gene expression data: Microsatellite stable with tumor protein 53 (TP53) functional 
loss (MSS/TP53-), MSS/TP53+ (TP53 intact), MSS/Epithelial-mesenchymal transition (EMT) (EMT 
signatures), and microsatellite instability (MSI) (23%)[7]. The MSI group from TCGA exhibited 
similarities to the MSI subtype from ACRG. Despite the fact that the EBV-positive, genomically stable, 
and chromosomal instability subtypes in TCGA were somewhat enriched in the MSS/TP53+, MSS/
EMT, and MSS/TP53-subtypes in ACRG, respectively, there were still a number of differences seen in 
other subtypes. This demonstrates the distinctiveness of these two classes from TCGA and ACRG. The 
ACRG also included survival data, which showed the prognostic efficacy of each subtype categor-
ization, in contrast to the TCGA. Following MSS/TP53+, MSS/TP53-, and MSS/EMT GC, MSI GC was 
shown to have the highest overall survival (OS) and the lowest frequency of recurrence[29]. There has 
been evidence of ethnic influences on molecular features. Despite the fact that the TCGA data did not 
reveal any significant biological differences between East Asian and other populations, certain 
variations in pathway-level gene expression were detected. For instance, East Asian patients had 



Leowattana W et al. Immunotherapy for AGC

WJM https://www.wjgnet.com 82 June 20, 2023 Volume 13 Issue 3

Table 1 The Cancer Genome Atlas has presented a thorough depiction of the molecular basis of gastric cancer[25]

Subtypes EBV-positive MSI GS CIN

Frequency, % 8.8 21.7 19.7 449.8

Demographic Male patients (81%) Old age (median 72 yr) Young age (median 59 yr) Not specific

Histology Not specific Not specific Diffuse Intestinal

Main location Fundus and body Fundus, body, and antrum Mostly diffuse subtype Majority of tumors at 
the GEJ

Molecular

alterations

EBV-CIMP: (1) PD-L1/2, JAK2 
overexpression; (2) Mutation in 
PIK3CA, ARID1A, and BCOR; (3) 
CDKN2A silencing; (4) Immune 
cell signaling; and (5) Rare TP53 
mutations

Gastric-CIMP: (1) Hypermutation 
in TP53, PIK3CA, ERBB2/3, and 
ARID1A; (2) MLH1 silencing; (3) 
Mitotic pathways activation; and 
(4) Commune changes in the genes 
of CMH1

(1) CDH1 and RHOA 
mutation; (2) CLDN18-
ARHGAP fusion; (3) Cell 
adhesion; (4) Angiogenesis 
pathways enriched; and (5) 
Rare TP53 mutations

(1) TP53 mutation; (2) 
RTK-RAS activation; 
and (3) Mutations of 
SMAD4 and APC

Potential therapeutic 
points

(1) PIK3CA; (2) JAK2; and (3) PD-
L1/L2

(1) PIK3CA; (2) ERBB2/3; (3) 
EGFR; (4) PD-L1; and (5) MLH1 
silencing

(1) RHOA; and (2) CLDN18 (1) RTKs; (2) EGFR; (3) 
VEGFA; (4) CCNE1; 
(5) CCND1; and (6) 
CDK6

APC: Adenomatous polyposis coli; ARHGAP: Rho GTPase activating protein; ARID1A: AT-rich interactive domain-containing protein 1A; BCOR: B-cell 
lymphoma 6 corepressor; CCND1: Cyclin-D1; CCNE1: Cyclin-E1; CDH1: Cadherin 1; CDK6: Cyclin-dependent kinase 6; CDKN2A: Cyclin-dependent 
kinase inhibitor 2A; CIMP: CpG island methylator phenotype; CIN: Chromosomal instability; CLDN18: Claudin-18; CMH1: Hypertrophic 
cardiomyopathy-1; GS: Genomically stable; GC: Gastric cancer; EBV: Epstein-Barr virus; EGFR: Epithelial growth factor receptor; ERBB2/3: Erb-b2 receptor 
tyrosine kinase 2/3; GEJ: Gastroesophageal junction; JAK2: Janus-associated kinase 2; MLH1: MutL protein homolog 1; MSI: Microsatellite instability; PD-
L1/2: Programmed death ligand-1/2; PI3K: Phosphatidylinositol-3-kinase; RAS: Rat sarcoma virus; RHOA: Ras homolog family member A; RTKs: 
Receptor tyrosine kinases; SMAD4: Mothers against decapentaplegic homolog 4; TP53: Tumor protein 53; VEGFA: Vascular endothelial growth factor A.

Figure 1 The molecular findings in gastric cancer by The Cancer Genome Atlas compared with the Asian Cancer Research Group. TCGA: 
The Cancer Genome Atlas; ACRG: Asian Cancer Research Group; EGFR: Epithelial growth factor receptor; CIN: Chromosomal instability; HER: Human epidermal 
growth factor receptor; FGFR2: Fibroblast growth factor receptor 2; MSI: Microsatellite instability; GS: Genomically stable; EBV: Epstein-Barr virus; PD-L1/2: 
Programmed death ligand-1/2; RTKs: Receptor tyrosine kinases; RAS: Rat sarcoma virus; ERBB2/3: Erb-b2 receptor tyrosine kinase 2/3; JAK2: Janus-associated 
kinase 2; MLH1: MutL protein homolog 1; MSH: Melanocyte-stimulating hormones; CDKN2A: Cyclin-dependent kinase inhibitor 2A; PI3K: Phosphatidylinositol-3-
kinase; ARID1A: AT-rich interactive domain-containing protein 1A; BCOR: B-cell lymphoma 6 corepressor; MSS: Microsatellite stable; TP53: tumor protein 53; MYC: 
Myelocytomatosis oncogene; GATA6: GATA binding protein 6; MMR: Measles-mumps-rubella; CDH1: Cadherin 1; EMT: Epithelial-mesenchymal transition; E-CAD: 
E-cadherin; ALK: Anaplastic lymphoma kinase.

elevated telomerase regulatory pathway expression and decreased hypoxia inducible factor-1-alpha 
transcription factor network expression[29]. Another study found that Asian and non-Asian GC patients 
had significantly different tumor immunity profiles. Non-Asian cases of GC were connected to an 
enrichment of T-cell gene expression patterns and a lesser expression of the immunosuppressive marker 
FOXP3 as compared to Asian cases of GC[30-32]. Further research with a sufficient sample size is 
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required to better understand how racial variations affect molecular background.

ANTITUMOR IMMUNE RESPONSES
Host immunity is now widely recognized as being important in the prevention of cancer. The findings 
suggest that our immune system can inhibit cancer growth through a mechanism known as immune 
surveillance. Dying cancer cells may generate and disseminate tumor-specific and tumor-related 
antigens that can be ingested and processed by tissue-resident dendritic cells (DCs). These cells then 
develop into antigen-presenting cells (APCs) in the presence of a favorable microenvironment, which is 
typically rich in activator molecules known as danger-associated molecular patterns, which are released 
by dying cancer cells[33,34]. Mature APCs must effectively deliver tumor antigens in the form of 
peptides to CD8+ T lymphocytes via major histocompatibility complex (MHC) class I molecules and 
CD4+ T lymphocytes via MHC class II molecules in order to trigger effective anticancer immunity. The 
most effective tumor antigens are non-self or altered proteins, such as those produced by somatic 
mutations in genes expressed by tumor cells or those encoded by viruses. Effective activation of CD8+ T 
cells requires both antigen presentation as a first signal and the presence of costimulatory molecules as a 
second signal. Once these cells are activated, they enter the tumor bed and multiply. Furthermore, T 
lymphocytes are able to recruit other immune cells, such as natural killer (NK) cells and M1 
macrophages, that are able to further aid in the destruction of cancer cells. Additionally, T lymphocytes 
themselves are able to directly destroy cancer cells through the production of cytokines. This process is 
essential for the body to effectively fight cancer cells. The fact that not all traditional cytotoxic chemo-
therapeutic medicines are immunosuppressive is important in light of the practical use of immunothera-
peutic methods. Recent research has revealed that a number of medications commonly used in medical 
practice may have the ability to kill tumor cells via an immunogenic cell death pathway. This pathway 
has the potential to activate powerful innate and adaptive anticancer immune responses. Medications 
found to have this effect include doxorubicin, mitoxantrone, bortezomib, oxaliplatin, and cyclophos-
phamide. Such findings have the potential to revolutionize cancer treatments, offering new hope for 
cancer patients across the world[35,36].

CANCER CELL IMMUNOESCAPE
T-cell receptor (TCR), co-stimulatory molecules, including CD28, and cytokines are all required for 
effective activation of cytotoxic T cells. Tumor cells can resist immunosuppression through a variety of 
mechanisms. The production of several co-inhibitory receptors is one of the ways to prevent T cell 
activation in the body. PD-1, cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), and lymphocyte-
activation gene 3 (LAG-3) are examples of inhibitory receptors that bind to tumor cell ligands and block 
T cell activation. The overexpression of these receptors induces the inhibition of coinhibitory pathways, 
such as the B7-CD28-CTLA-4 family. This helps to ensure the physiological functioning of the immune 
system, which is essential in preventing tumor growth and the spread of cancer cells[37,38]. CTLA-4 is 
an important co-stimulatory molecule expressed on the surface of CD4+ and CD8+ T lymphocytes. It 
binds to molecules known as CD80 (B7-1) and CD86 (B7-2) on APCs, which are involved in the initiation 
and regulation of adaptive immunity. The binding of CTLA-4 to CD80 and CD86 on APCs results in the 
inhibition of T cell activation. Therefore, this molecule plays an important role in regulating the immune 
system. This inhibits TCR signaling by preventing APCs from binding to the CD28 co-stimulatory 
molecule. Additionally, CTLA-4 is continually produced in regulatory T cells (Treg) in order to control 
their immunosuppressive role. Tumor cells are thought to escape through downregulation of MHC 
class I expression. MHC class I molecules play a significant role in cytotoxic T cell-mediated immunity. 
Tumor cells have the ability to suppress immune cell activity by secreting immunosuppressive 
substances. These substances, such as interleukin-10, transforming growth factor-β1, galectins, tumor 
necrosis factor, prostaglandin E2, and vascular endothelial growth factor (VEGF), can inhibit the 
function of the immune cells, thus disrupting the body's natural defense system. The immunosup-
pressive substances also inhibit the receptors on the surface of the immune cells, making them unable to 
recognize and attack the tumor cells. This allows the tumor cells to grow and spread unchecked. 
Therefore, it is important to understand the role of these immunosuppressive substances in order to 
develop effective treatments for cancer[39].

By encouraging the polarization towards less cytotoxic T cell subsets and pro-inflammatory T cell 
subsets, the tumor microenvironment may compromise anti-tumor immunity. TH-2, TH-17, and Treg 
are T helper (TH) cells that are related to tumors. Tumor-associated macrophages (TAM) make up the 
majority of the immune cell population in the tumor microenvironment. Two separate subtypes of these 
macrophages, M1 and M2, exhibit anti-tumor and pro-tumorigenic actions, respectively. When a GC site 
was infiltrated with M2 TAM, the patient's prognosis was usually poor[40,41]. Myeloid-derived 
suppressor cells (MDSCs) are a diverse population of cells with the capacity to proliferate vigorously 
under pathological conditions like cancer. They are descended from the myeloid lineage. Both innate 
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and adaptive immunity against malignancies can be suppressed by these cells. Recent studies have 
confirmed that patients with GC are more likely to have an increased number of MDSCs. This increased 
presence of MDSCs in the blood samples of GC patients has been associated with poorer clinical result
[42,43]. Treg cells are a significant contributor to immune suppression in the tumor microenvironment. 
End-stage instances of GCs were replete with Foxp3 plus CD4 plus ICOS plus effector Tregs, also 
known as highly suppressive Tregs[44,45].

AGC IMMUNOTHERAPY
Patients with GC exhibit "three high and three low" characteristics: High rates of incidence, metastatic 
condition, and mortality; low rates of early discovery, radical resection, and five-year survival. Patients 
might either be early-stage or advanced-stage patients. Early-stage GCs are limited to the mucosa or 
submucosa, regardless of the size of the lesion or the presence of lymph node metastases. AGC is 
defined as cancers that infiltrate into or beyond the subserosa to surrounding organs or metastasize. 
Middle GC is described as cancer that extends past the submucosa to penetrate the gastric muscle layer. 
Tumors in the advanced stage of GC include intermediate and advanced tumors. Another classification 
of AGC includes local unresectable GC, distant metastasis, and postoperative recurrent GC[46,47]. The 
therapy’s efficacy and method are determined by the tumor's stage. At the moment, the primary 
objective of treating AGC is to ameliorate symptoms and extend patients' survival times using 
successive courses of chemotherapy. Systemic chemotherapy alone is becoming increasingly effective in 
treating AGC, yet the median survival duration with this approach is still only 4-13 mo. This 
demonstrates that, unfortunately, the prognosis for this disease is far from favorable. In spite of the 
progress made in treating AGC with chemotherapy, more research and development are needed to 
improve the outlook for those afflicted with it. As a result, both more effective chemotherapy 
medications and regimens with fewer hazardous side effects, as well as innovative therapeutic 
paradigms, such as targeted therapy and immunotherapy, should be investigated.

Immunotherapy is a form of cancer treatment that employs the body's own immune system to fight 
cancer cells. It is divided into two types: Passive and active. Passive immunotherapy is a form of 
therapy that utilizes antibody therapies to target cancer cells. On the other hand, active immunotherapy 
focuses on boosting the body's immune response against tumor cells. Examples of active immuno-
therapy include vaccinations and chimeric antigen receptors (CAR). CARs are designed to recognize 
and bind to tumor cells, triggering the body's immune system to attack the cancer cells. However, with 
passive immunotherapy, immune system components, such as mAbs, are generated outside of the body. 
Immunotherapies nowadays are frequently based on cytotoxic T cells, mAbs, and gene-transfected 
vaccines. Immune checkpoint inhibitors (ICIs) have become more popular since ipilimumab was 
originally approved in 2011 for the treatment of metastatic BRAF-negative melanoma. Following more 
than 1000 clinical investigations, ICIs are now recognized as a therapeutic approach in the management 
of both solid organ and hematologic malignancies[48-50].

PASSIVE IMMUNOTHERAPY
ICIs
ICIs are a type of drug used in cancer immunotherapy. They work by preventing the T cells from the 
immune system from being suppressed by the tumor. Targeting CTLA-4, PD-1, and PD-L1, three 
essential ICI drug types were previously created for preclinical and clinical research. In order to lessen 
or decrease CD28 signaling, CTLA-4, a CD28 homolog, may bind to B7-1 and B7-2 with a greater affinity 
than CD28. However, PD-1 encourages tumor cell survival by inducing apoptosis in T lymphocytes that 
have been activated. Pharmacological blockage of its route may damage the function of immune cells 
such as B cells and NK cells since PD-1 is extensively expressed in many immune cells[51-53] (Figure 2).

Pembrolizumab
Pembrolizumab was the first monoclonal antibody designed to target PD-1. In 2017, the FDA authorized 
it for the treatment of advanced non-small cell lung cancer. In a phase I study, the anti-tumor efficacy, 
safety, and tolerability of pembrolizumab were assessed in 39 patients with AGC (KEYNOTE-012). 
According to the findings, pembrolizumab provides promising anti-tumor effectiveness with a 
manageable amount of toxicity in these individuals. The positive outcomes of this experiment spurred 
the conduct of more clinical trials testing PD-1-blocking therapy[52]. In 2018, Fuchs et al[53] performed 
the KEYNOTE-059 trial, a phase 2 global, open-label, single-arm, multicohort study that recruited 259 
AGC patients from 16 countries to assess the safety and effectiveness of pembrolizumab. They 
discovered an 11.6% objective response rate (ORR) with a 2.3% full response rate. The median response 
time was 8.4 mo. ORR and median response duration were 15.5% and 16.3 mo in PD-L1-positive 
patients, respectively, compared to 6.4% and 6.9 mo in PD-L1-negative patients. One or more grade 3-5 
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Figure 2 Immune check point inhibitors for advanced gastric cancer treatment. CTLA4: Cytotoxic T-lymphocyte-associated protein 4; TCR: T-cell 
receptor; PD-1: Programmed cell death protein 1; PD-L1: Programmed cell death ligand-1; MCH: Melanin-concentrating hormone.

treatment-related adverse events (TRAEs) occurred in 46 individuals (17.8%). Two patients (0.8%) 
stopped due to TRAEs, and two fatalities were deemed treatment-related. They concluded that in 
patients with AGC or advanced gastroesophageal junction cancer (AGEJC) who had previously 
undergone at least two lines of treatment, Pembrolizumab monotherapy displayed promising efficacy 
and manageable safety. Patients with PD-L1-positive malignancies experienced long-term responses. 
Furthermore, Shitara et al[54] undertook a randomized, open-label, phase 3 research study in 30 
countries to evaluate Pembrolizumab vs Paclitaxel in 592 patients with AGC or AGEJC who had 
progressed on platinum- and fluoropyrimidine-based first-line treatment. With a combined positive 
score (CPS) of 1 or higher, they found that 326 people passed away (151 of 196 patients in the Pembrol-
izumab group and 175 of 199 patients in the Paclitaxel group). With Pembrolizumab, the median OS 
was 9.1 mo, while with Paclitaxel, it was 8.3 mo. With Pembrolizumab, the median progression-free 
survival (PFS) was 1.5 mo, while with Paclitaxel, it was 4.1 mo. Furthermore, grade 3-5 TRAEs occurred 
in 42 (14%) of the 294 patients treated with Pembrolizumab and 96 (35%) of the 276 patients treated. 
They concluded that Pembrolizumab, when used as a second-line treatment for AGC or AGEJC with a 
PD-L1 CPS of 1 or higher, did not substantially increase OS when compared to Paclitaxel. However, 
Paclitaxel has a worse safety profile than Pembrolizumab (Table 2).

Bang et al[55] conducted the KEYNOTE-059 multicohort, phase 2, non-randomized trial in 56 patients 
with AGC or AGEJC in 2019. They discovered that the ORR was 60.0% in patients receiving 
combination treatment and 25.8% in individuals receiving Pembrolizumab monotherapy. Also, in the 
combination therapy cohort, 19 patients (76.0%) experienced grade 3/4 treatment-related side events; 
none were fatal. In the monotherapy cohort, seven patients (22.6%) experienced grade 3-5 TRAEs; one 
fatality was ascribed to a TRAE (pneumonitis). They concluded that in patients with previously 
untreated AGC or AGEJC, Pembrolizumab displayed anticancer efficacy and was well tolerated as 
monotherapy and in combination with chemotherapy. One year later, Kawazoe et al[56] performed a 
non-randomized, multicenter, open-label phase IIb study, KEYNOTE-659, in 54 AGC or AGEJC patients 
with human epidermal growth factor receptor 2-negative and PD-L1-positive to assess the safety and 
efficacy of Pembrolizumab combined with chemotherapy [S-1 plus oxaliplatin (SOX)] as the first-line 
treatment. They observed that the ORR and disease control rate (DCR) were, respectively, 72.2% and 
96.3%. In terms of DOR, time to response (TTR), PFS, and OS, the median values were not attained at 1.5 
mo, 9.4 mo, or not reached at all. Patients with CPSs of 1 to 10 had an ORR of 73.9%, whereas those with 
CPSs of more than 10 had an ORR of 70.0%. Grade 3 TRAEs occurred in 57% of participants. The most 
frequent grade 3 adverse events were decreased platelet count (14.8%), decreased neutrophil count 
(13.0%), colitis (5.6%), and adrenal insufficiency (5.6%). They came to the conclusion that SOX and 
Pembrolizumab demonstrated potential efficacy and a manageable safety profile for the first 
management of AGC or AGEJC.

Pembrolizumab was also examined in conjunction with a targeted therapy such as Lenvatinib in an 
open-label, single-arm, phase 2 study in 29 patients with AGC to assess the combination of Lenvatinib 
and Pembrolizumab. They discovered that 69% of the patients had an ORR. Hypertension, proteinuria, 
and a fall in platelet count were the most frequently occurring grade 3 TRAEs, occurring in 11 (38%) of 
the patients, five (17%) of the patients, and two (7%) of the patients, respectively. No grade 4 adverse 
events, no serious adverse events, and no fatalities associated with the therapy were reported. They 
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Table 2 Immunotherapies for advanced gastric cancer patients

Ref. Drug(s)
Number 
of 
patients

Study 
phase ORR (%) Median OS 

(months)
Median PFS 
(months) Results

Muro et al
[52]

Pembrolizumab 39 1b 33 11.4 1.8 Pembrolizumab demonstrated 
a reasonable safety profile and 
potential antitumor efficacy in 
metastatic PD-L1-positive GC, 
warranting further exploration 
in phase 2 and 3 studies

Fuchs et al
[53]

Pembrolizumab 259 2 15.5 5.6 2.0 Pembrolizumab is a potential 
new therapy option for AGC or 
AGEJC that has progressed 
following second-line 
treatment, demonstrating high 
and persistent responses. 
Pembrolizumab has a 
mechanism of action, duration 
of response, and toxicity profile 
that differs from and does not 
overlap with conventional 
treatment for gastroesophageal 
adenocarcinoma

Shitara et al
[54]

Pembrolizumab vs 
Paclitaxel

395 3 - 9.1/8.3 (Pem/Pac) 1.5/4.1 (Pem/Pac) When compared to Paclitaxel, 
Pembrolizumab did not 
significantly improve overall 
survival when administered as 
a second-line therapy for AGC 
or AGEJC with PD-L1 CPS of 1 
or higher

Bang et al
[55]

Pembrolizumab vs 
Pembrolizumab 
plus chemotherapy 

56 2 25.8/60.0 
(Pem/Pem+Chem)

13.8/20.7 
(Pem/Pem+Chem)

3.3/6.6 
(Pem/Pem+Chem)

Pembrolizumab combined 
chemotherapy showed 
acceptable tolerability and 
potential anticancer efficacy in 
AGC or AGEJC, independent 
of PD-L1 expression. In 
patients with PD-L1 CPS ≥ 1, 
pembrolizumab monotherapy 
revealed good antitumor 
efficacy and acceptable safety

Kawazoe et 
al[56]

Pembrolizumab 
plus chemotherapy

54 2b 72.2 Not reached 9.4 For the first-line treatment of 
AGC or AGEJC patients, 
chemotherapy with Pembrol-
izumab shown good effect-
iveness and a tolerable toxicity 
profile

Kawazoe et 
al[57]

Pembrolizumab 
plus Lenvatinib

29 2 69.0 Not reached 7.1 In patients with AGC, the 
combination of Lenvatinib and 
Pembrolizumab demonstrated 
promising anti-tumor effect-
iveness while maintaining a 
tolerable safety profile

Shitara et al
[58]

Pembrolizumab vs 
Pembrolizumab 
plus chemotherapy 
vs chemotherapy

763 3 - 10.6/11.1 
(Pem/chem) CPS ≥ 
1; 17.0/10.8 CPS ≥ 
10

In individuals with untreated 
AGC or AGEJC, Pembrol-
izumab was shown to be 
noninferior to chemotherapy, 
with less adverse effects. 
Pembrolizumab alone or in 
combination with 
chemotherapy did not 
outperform treatment in terms 
of OS and PFS

Kwon et al
[60]

Pembrolizumab 18 2 55.6 - - A subset of MSI-H GC patients 
with certain immunological 
responses at baseline, such as 
stronger TMB, abundant T cell 
infiltration, more TCR clonal 
diversity, and less stem-like 
exhausted T cells, may not 
require anything more than 
anti-PD-1 monotherapy
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Yamaguchi 
et al[63]

Pembrolizumab 
plus SOX vs 
Pembrolizumab 
plus SP

100 2b 72.2/80.4 16.9/17.1 9.4/8.3 In Japanese patients with PD-
L1 positive, HER-2 negative 
AGC or AGEJC, the 
combination of Pembrolizumab 
plus SOX or SP as first-line 
treatment indicated high 
efficacy and reasonable 
tolerability

Lee et al[64] Pembrolizumab 
plus Trastuzumab 
plus Capecitabine 
plus Cisplatin 

43 1b/2 76.7 19.3 8.6 The use of a quadruplet 
combination as first-line 
therapy (Pembrolizumab plus 
Trastuzumab plus Capecitabine 
plus Cisplatin) resulted in 
tumor decrease in HER-2-
positive AGC

Satake et al
[65]

Pembrolizumab vs 
Pembrolizumab 
plus chemotherapy 
vs chemotherapy

187 3 22.6/37.7 
(Pem/chem); 
26.9/31.8 (PD-L1 
CPS ≥ 10)

22.7/13.8 
(Pem/chem); 
28.5/14.8 (PD-L1 
CPS ≥ 10)

4.1/6.5 
(Pem/chem); 
7.2/6.9 (PD-L1 CPS 
≥ 10)

Pembrolizumab monotherapy 
was related with statistically 
better OS results in patients 
with AGC or AGEJC with PD-
L1 CPS ≥ 1 and CPS ≥ 10 
tumors as compared to 
chemotherapy alone. When 
compared to chemotherapy, 
Pembrolizumab monotherapy 
had a better tolerability profile

Janjigian et 
al[66]

Nivolumab plus 
Ipilimumab vs 
Nivolumab

160 1/2 24/12 
(Niv+Ipi/Niv)

6.9/6.2 
(Niv+Ipi/Niv)

1.6/1.4 
(Niv+Ipi/Niv)

Nivolumab and Nivolumab in 
combination with Ipilimumab 
provide a viable treatment 
option for individuals with 
AGEJC

Kang et al
[67]

Nivolumab vs 
placebo

493 3 11.2/0.0 5.32/4.14 1.61/1.45 Nivolumab might be a 
potential therapy option for 
people with AGC or AGEJC 
who have been highly 
pretreated

Boku et al
[69]

Nivolumab plus 
SOX vs Nivolumab 
plus CapeOX

77 2 57.1/76.5 Not reached 9.7/10.6 In these individuals, 
Nivolumab in conjunction with 
SOX or CapeOX was well 
tolerated and showed potential 
efficacy

Nakajima 
et al[71]

Nivolumab plus 
Paclitaxel plus 
Ramucirumab

43 1/2 37.2 13.1 5.1 As a second-line treatment for 
AGC, Nivolumab in 
combination with Paclitaxel 
and Ramucirumab shown 
promising antitumor activity 
with tolerable tolerability

Janjigian et 
al[72]

Nivolumab plus 
chemotherapy vs 
chemotherapy

1,581 3 51/41 14.4/11.1 7.7/6.1 Nivolumab in conjunction with 
chemotherapy is being 
considered as a new standard 
first-line treatment for these 
individuals

Shah et al
[73]

Andecaliximab 
plus Nivolumab vs 
Nivolumab

141 2 10/7 7.1/5.9 - When compared to Nivolumab 
alone, the combination of 
Andecaliximab and Nivolumab 
exhibited a favorable safety 
profile but did not boost 
efficacy in these people

Kang et al
[74]

Nivolumab plus 
oxaliplatin-based 
chemotherapy vs 
placebo plus 
oxaliplatin-based 
chemotherapy

724 2/3 - 17.45/17.15 10.45/8.34 In these patients, Nivolumab in 
conjunction with oxaliplatin-
based chemotherapy improved 
PFS but not OS

Bang et al
[76]

Avelumab vs 
chemotherapy

371 3 2.2/4.3 4.6/5.0 1.4/2.7 As compared to chemotherapy, 
treating these patients in the 
third-line setting with single-
agent Avelumab did not 
improve OS or PFS. Avelumab, 
on the other hand, had a more 
manageable toxicity profile 
than chemotherapy

Moehler et Avelumab vs In patients with AGC or AGEJC 499 3 - 10.4/10.9 -
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al[77] chemotherapy in general, or in a specified PD-
L1-positive population, 
Avelumab maintenance 
therapy did not give a superior 
OS when compared to 
continuing chemotherapy

AGC: Advanced gastric cancer; AGEJC: Advanced gastroesophageal junction cancer; CapeOX: Capecitabine plus oxaliplatin C; Chem: Chemotherapy; 
CPS: Combined positive score; HER-2: Human epidermal growth factor receptor 2; MIS-H: High microsatellite instability; Niv: Nivolumab; Niv+Ipi: 
Nivolumab plus Ipilimumab; ORR: Objective response rate; OS: Overall survival; Pac: Paclitaxel; Pem: Pembrolizumab; PD-L1: Program cell death ligand 
1; PFS: Progression-free survival; SOX: S-1 plus oxaliplatin; SP: S-1 and cisplatin; TCR: T-cell receptor; TMB: Tumor mutational burden.

concluded that Lenvatinib and Pembrolizumab had potential anti-tumor effectiveness with a tolerable 
safety profile in AGC patients[57]. A phase 3 KEYNOTE-062 randomized, controlled, and partially 
blinded interventional trial was carried out by Shitara et al[58] in 2020 in 763 patients from 29 countries 
who had untreated AGC or AGEJC and a PD-L1 CPS of 1 or above. Every three weeks, participants 
were given a random choice between receiving Pembrolizumab 200 mg, chemotherapy plus placebo, or 
chemotherapy combined with cisplatin 80 mg/m2/d on day 1 plus fluorouracil 800 mg/m2/d on days 1 
through 5. After a median follow-up of 29.4 mo (median OS, 10.6 vs 11.1 mo), they found that Pembrol-
izumab was non-inferior to chemotherapy for OS in patients with a CPS of 1 or higher. Chemotherapy 
was not better than Pembrolizumab monotherapy in individuals with a CPS of 1 or higher. Patients with 
a CPS of 10 or higher experienced longer OS with pembrolizumab compared to chemotherapy (median 
OS, 17.4 vs 10.8 mo); however, the difference was not statistically significant. In terms of OS in patients 
with a CPS of 1 or higher (12.5 vs 11.1 mo), CPS of 10 or greater (12.3 vs 10.8 mo), or PFS in patients with 
a CPS of 1 or higher (6.9 vs 6.4 mo), Pembrolizumab in combination with chemotherapy did not 
outperform treatment. Pembrolizumab was found to be noninferior to chemotherapy in patients with 
untreated AGC or AGEJC, with fewer side effects. For the OS and PFS end points assessed, Pembrol-
izumab or Pembrolizumab with chemotherapy were not superior to chemotherapy. Additionally, 
Pembrolizumab was evaluated in PD-L1-positive (CPS ≥ 10) AGC or AGEJC patients from KEYNOTE-
062 (n = 182), KEYNOTE-061 (n = 108), and KEYNOTE-059 (n = 46) to better define the specificity of CPS 
as a predictor of clinical outcomes. This thorough study found that pembrolizumab improved clinical 
outcomes in patients with CPS ≥ 10 AGC or AGEJC across many lines of treatment[59].

In 2021, Kwon et al[60] conducted a phase 2 study of Pembrolizumab in 18 patients with advanced 
high MSI (MSI-H) GC, including serial and multi-region tissue samples as well as serial peripheral 
blood testing, with a median follow-up of 19.5 mo. The findings showed that 6 patients (33.3%) had 
stable disease, 3 patients (16.7%) had a complete response (CR), 7 patients (38.9%) had a verified partial 
response (PR), and 3 patients (16.7%) had a CR, giving an ORR of 55.6% and a DCR of 88.9%. They 
proposed that a subgroup of MSI-H GC patients with a specific immunological response, as defined by 
a higher tumor mutational burden (TMB), abundant T cell infiltration, larger TCR clonal diversity, and 
fewer stem-like exhausted T cells at baseline, may not require anything more than anti-PD-1 
monotherapy. Equally significant clinically was the finding of unfavorable genomic and immunologic 
characteristics from the outset, revealing a subset of MSI-H GC that may require additional therapy to 
benefit from PD-1 blocking. These findings indicated a combination therapy aimed at lowering Treg 
populations and/or augmenting and growing NK-cell numbers in this fraction. Synthetic model 
systems that mimic MSI-H biology, as well as extensive genomic and immunologic screening for 
therapeutic vulnerabilities, will be critical in identifying potential combinations for future testing. To 
stratify MSI-H cancers for therapy with either PD-1 blockade alone or cutting-edge combination 
approaches, the findings, however, signal that accurate pre- and post-treatment characterizations are 
attainable and will probably be needed.

When used as second-line therapy in the phase 3 KEYNOTE-061 study for patients with PD-L1 CPS > 
1 AGC or AGEJC, Pembrolizumab did not significantly increase OS compared with Paclitaxel. Fuchs et 
al[61] conducted a trial in which they randomly assigned patients to receive Pembrolizumab 200 mg 
Q3W for 35 cycles or standard-dose paclitaxel and presented outcomes in the CPS 1, 5, and 10 
populations after two years of follow-up. The findings revealed that 366 of 395 individuals (92.7%) with 
CPS ≥ 1 died. In the CPS ≥ 1 cohort, Pembrolizumab showed a tendency toward increased OS vs 
Paclitaxel; 24-mo OS rates: 19.9% vs 8.5%. With PD-L1 enrichment, Pembrolizumab gradually increased 
the OS benefit (CPS > 5: 24-mo rate, 24.2% vs 8.8%; CPS > 10: 24-mo rate, 32.1% vs 10.9%). Across 
treatment groups, the median PFS was similar (CPS > 1: HR, 1.25; CPS > 5: 0.98; CPS > 10: 0.79). The 
median DOR was 19.1 vs 5.2 mo, 32.7 vs 4.8 mo, and NR vs 6.9 mo; the ORR (Pembrolizumab vs 
Paclitaxel) was 16.3% vs 13.6% (CPS > 1), 20.0% vs 14.3% (CPS > 5) and 24.5% vs 9.1% (CPS > 10). 
Pembrolizumab was associated with fewer TRAEs than Paclitaxel (53% vs 84%). In 94 Asian patients 
with advanced PD-L1-positive (CPS > 1) AGC or AGEJC, 36 medical centers in China, Malaysia, South 
Korea, and Taiwan conducted the randomized, open-label, phase 3 study KEYNOTE-063, which 
compared Pembrolizumab vs Paclitaxel as second-line therapy. The results revealed that the median OS 
in Pembrolizumab plus Paclitaxel therapy was the same as 8 mo. The median PFS with Pembrolizumab 
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was 2 mo vs 4 mo with Paclitaxel. Pembrolizumab had a 13% ORR against Paclitaxel's 19%. Any-grade 
TRAEs occurred in 28 patients receiving Pembrolizumab (60%) and 42 patients receiving Paclitaxel 
(96%), respectively; grades 3-5 events occurred in 5 patients (11%) and 28 patients (64%). They stated 
that, due to inadequate power, decisive conclusions concerning the effectiveness of second-line 
Pembrolizumab in Asian patients with advanced PD-L1-positive AGC or AGEJC are restricted, 
however, Pembrolizumab was well tolerated in this patient population. Efficacy followed a similar 
pattern to that shown in the phase 3 KEYNOTE-061 experiment[62].

Yamaguchi et al[63] conducted an open-label phase 2b study, KEYNOTE-659, in Japan in 2022 to 
examine the effectiveness and safety of first-line Pembrolizumab plus SOX (cohort 1, n = 54) or S-1 and 
cisplatin (SP) (cohort 2, n = 46) for AGC or AGEJC. They reported that the median duration of Pembrol-
izumab therapy in cohorts 1 and 2 was 6.0 and 5.1 mo, respectively. SOX (cohort 1) had a median 
treatment length of 4.9 mo, while SP (cohort 2) had a median treatment duration of 4.4 mo. In cohort 1, 
35 patients (64.8%) had their S1 dosage reduced, 47 patients (87.0%) had their oxaliplatin dose reduced, 
44 patients (81.5%) had their S1 dose interrupted, and 31 patients (57.4%) had their oxaliplatin dose 
interrupted. In cohort 2, 33 patients (71.7%) had their S1 dosage reduced, 43 patients (93.5%) had their 
cisplatin dose reduced, 29 patients (63.0%) had their S1 dose interrupted, and 22 patients (47.8%) had 
their cisplatin dose interrupted. The ORR in cohort 1 was 72.2% (39 of 54 patients) and 80.4% (37 of 46 
patients) in cohort 2. Overall, tumor reduction was observed in 52 of 54 patients (96.3%) in cohort 1 and 
44 of 46 patients (95.7%) in cohort 2. DCR in cohort 1 was 96.3% (52 of 54 patients) and 97.8% (45 of 46 
patients) in cohort 2. The median PFS in cohorts 1 and 2 was 9.4 mo and 8.3 mo, respectively. In cohort 
1, the median OS was 16.9 mo, while in cohort 2, it was 17.1 mo. The median DOR in cohort 1 was 10.6 
mo and 9.5 mo in cohort 2, whereas the median TTR in both cohorts was 1.5 mo. They proposed that the 
combination of Pembrolizumab with SOX or SP as first-line therapy in Japanese patients with PD-L1 
positive, Human epidermal growth factor receptor (HER)-2 negative, AGC, or AGEJC demonstrated 
good effectiveness and tolerable safety.

Furthermore, 43 HER-2-positive AGC patients with a median follow-up of 18.2 months underwent 
Pembrolizumab evaluation in a single-arm, multi-institutional phase 1b/2 research to evaluate a 
quadruplet combination of Pembrolizumab, Trastuzumab, Capecitabine, and Cisplatin as first-line 
therapy. They reported an ORR of 76.7%, with 27 (62.8%) exhibiting PR and six (14.0%) patients 
exhibiting CR. Nine patients (20.9%) had stable disease, and the DCR was 97.7%. In 37 patients (86.0%), 
the total tumor burden was reduced by 30%, and in 26 (56.6%), it was reduced by 50%. The median PFS 
was 8.6 mo, with a 79.1% 6-mo PFS rate and a 41.9% 1-year PFS rate. The median OS was 19.3 mo, with 
an 80.1% 1-year OS rate. The median number of treatment cycles was 12. They concluded that utilizing a 
quadruplet regimen as first-line treatment resulted in tumor reduction in HER-2-positive AGC[64].

Recently, Satake et al[65] conducted a randomized control, phase 3 KEYNOTE-062 trial in 187 patients 
with AGC or AGEJC to compare the effectiveness of Pembrolizumab or Pembrolizumab with 
chemotherapy vs standard of care chemotherapy. They found that in the PD-L1 CPS ≥ 1 patients, the 
median OS with Pembrolizumab was 22.7 mo compared to 13.8 mo with chemotherapy. The 12-mo and 
24-mo OS rates with Pembrolizumab were 69.4% and 44.8%, respectively, compared to 54.1% and 23.0% 
with chemotherapy. In the PD-L1 CPS ≥ 10 patients, the median OS with Pembrolizumab was 28.5 mo vs 
14.8 mo with chemotherapy. The 12-mo and 24-mo OS rates with Pembrolizumab were 80.8% and 
53.6%, respectively, compared to 68.2% and 27.3% with chemotherapy. They proposed that Pembrol-
izumab monotherapy was linked with numerically better OS results in patients with AGC or AGEJC 
with PD-L1 CPS ≥ 1 and CPS ≥ 10 tumors as compared to chemotherapy alone. When compared to 
chemotherapy, Pembrolizumab monotherapy had a better tolerability profile.

Nivolumab
A humanized immunoglobulin G (IgG) 4 monoclonal anti-PD-1 antibody called Nivolumab is effective 
against a range of tumor types. The phase 1/2 CheckMate-032 trial compared the use of Nivolumab and 
Ipilimumab in combination with Nivolumab monotherapy in 160 patients with AGC or AGEJC. The 
ORR for patients who got Nivolumab and Ipilimumab together was 24% as opposed to 12% for 
Nivolumab alone. Only 8% of patients in the combination arms responded to the alternate dosage 
(Nivolumab 3 mg/kg and Ipilimumab 1 mg/kg), suggesting that the ORR in these arms was dose-
dependent. Regardless of PD-L1 expression, responses were seen. Nivolumab plus Ipilimumab 
treatment was linked with more severe toxicity (43%) than nivolumab alone (10%), as predicted from 
past combination trials[66]. Among 493 patients with unresectable AGC or AGEJC who had shown 
resistance to or intolerance to two or more prior chemotherapy regimens, ONO-4538-12 (ATTRA-
CTION-2) was a multicenter, double-blind, randomized phase 3 study of Nivolumab. The ICI in GCs 
was the subject of the initial phase 3 placebo-controlled, randomized study. For the first time, the study 
demonstrated that PD-1 inhibition can improve OS in patients with severely pre-treated GC. The 
observed median OS with Nivolumab was 5.32 mo vs 4.14 mo with placebo, and the 12-month OS rate 
was 26.6% vs 10.9%[67]. The median PFS with Nivolumab was 1.61 mo vs 1.45 mo with placebo. The 
median time for a response to Nivolumab was 9.53 mo, and the ORR rate with Nivolumab was 11.2% as 
opposed to 0% with placebo. Nivolumab recipients had a tolerable safety profile, with 34 (10%) out of 
330 patients experiencing TRAEs (grade 3 or 4), which is a rate similar to placebo recipients. However, it 
should be mentioned that the ATTRACTION-2 only included individuals from Asian countries, 
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therefore, the results might not apply to populations in Europe and North America. Emerging evidence 
suggests that unique gene profiles related to inflammation and immunity exist in Asian and non-Asian 
individuals with GC[68].

In order to assess the safety and effectiveness of Nivolumab in combination with SOX or capecitabine 
plus oxaliplatin (CapeOX) as first-line therapy in 77 patients with unresectable advanced or recurrent 
HER-2-negative AGC or AGEJC, Boku et al[69] conducted a randomized, phase 2 trial known as 
ATTRACTION-4. They discovered that Nivolumab with SOX resulted in an ORR of 57.1%, and 
Nivolumab plus CapeOX resulted in an ORR of 76.5%. In both groups, the median OS was not attained. 
The median PFS was 9.7 mo vs 10.6 mo. Neutropenia (14.3%) was the most common grade 3/4 TRAE in 
the nivolumab plus SOX group, followed by anemia (16.7%), peripheral sensory neuropathy, reduced 
appetite, type 1 diabetes mellitus, and nausea (11.1%) in the nivolumab with CapeOX group. They 
concluded that Nivolumab in combination with SOX/CapeOX was well tolerated and showed 
promising effectiveness in patients with unresectable advanced or recurrent HER-2-negative GC or 
GEJC. The ATTRACTION-2 2-year follow-up data revealed that 493 of 601 screened individuals were 
randomized (2:1) to receive Nivolumab (n = 330) or placebo (n = 163), and that the OS was considerably 
longer in the Nivolumab group compared to the placebo group (5.26 mo vs 4.14 mo) at the 2-year 
follow-up. At 1 year (27.3% vs 11.6%) and 2 years (10.6% vs 3.2%), the Nivolumab group had a greater 
OS rate than the placebo group. Regardless of tumor PD-L1 expression, the OS advantage was seen. The 
median OS for patients in the Nivolumab group who had a full or PR was 26.6 mo; the OS rates at 1 and 
2 years were 87.1% and 61.3%, respectively. There were no new safety signals discovered[70]. In a phase 
1/2 study, Japanese researchers investigated the safety and effectiveness of Nivolumab with Paclitaxel 
plus Ramucirumab in 43 patients with AGC resistant to first-line treatment. They discovered an ORR of 
37.2% and a 6-mo PFS rate of 46.5%. The median OS was 13.1 mo: 13.8 mo in CPS ≥ 1 patients and 8.0 
mo in CPS < 1 patients. They proposed that Nivolumab in combination with Paclitaxel and 
Ramucirumab showed potential anti-tumor efficacy with acceptable toxicity as a second-line therapy for 
AGC[71].

Janjigian et al[72] conducted a multicenter, randomized, open-label, phase 3 study (CheckMate 649) in 
1581 patients with AGC, AGEJC, or esophageal adenocarcinoma (Nivolumab plus chemotherapy; n = 
789; or chemotherapy alone; n = 792). In patients with a PD-L1 CPS greater than 5, they found that 
Nivolumab with chemotherapy led to substantial improvements in OS and PFS compared to 
chemotherapy alone. The patients with a PD-L1 CPS > 1 and all randomly assigned people showed a 
significant improvement in OS as well as a benefit in PFS, according to further data. Of the 782 
participants in the nivolumab + chemotherapy group, 462 (59%) and the 767 patients in the 
chemotherapy alone group, respectively, experienced treatment-related side events. In both groups, the 
most prevalent any-grade treatment-related side events (25%) were nausea, diarrhea, and peripheral 
neuropathy. Treatment-related fatalities were determined to be 16 (2%) deaths in the nivolumab plus 
chemotherapy group and 4 (1%) deaths in the chemotherapy alone group. They proposed that 
Nivolumab in combination with chemotherapy be the new standard first-line treatment for these 
patients. In 2021, Shah et al[73] conducted a phase 2 open-label, randomized multicenter trial in 141 
patients with pretreatment AGC or AGEJC to compare the effectiveness, safety, and pharmacodynamics 
of Andecaliximab plus Nivolumab vs Nivolumab alone. The ORR was 10% with Andecaliximab and 
Nivolumab and 7% with Nivolumab alone. The addition of Andecaliximab had no effect on response or 
survival. They concluded that the combination of Andecaliximab and Nivolumab had a positive safety 
profile but did not increase effectiveness in these individuals when compared to Nivolumab alone. 
Positive HER-2, greater TMB or GRB7, and lower TGF-β1 were all related to better clinical outcomes.

For the purpose of comparing the effectiveness of Nivolumab plus oxaliplatin-based chemotherapy vs 
placebo plus oxaliplatin-based chemotherapy as first-line therapy, Kang et al[74] conducted a 
randomized, multicenter, double-blind, placebo-controlled, phase 2/3 trial (ATTRACTION-4) in 724 
patients with HER-2-negative, unresectable AGC or AGEJC. They discovered that the median PFS in the 
Nivolumab plus chemotherapy group was 10.45 mo and 8.34 mo in the placebo plus chemotherapy 
group. After a 26.6-mo follow-up, the median OS in the Nivolumab plus chemotherapy group was 17.45 
mo and 17.15 mo in the placebo plus chemotherapy group. They hypothesized that Nivolumab in 
combination with oxaliplatin-based chemotherapy enhanced PFS but not OS in these patients. Shitara et 
al[75] conducted a randomized study to compare Nivolumab plus chemotherapy vs chemotherapy alone 
(n = 1581), while CheckMate-649 provided the first findings comparing Nivolumab plus Ipilimumab vs 
chemotherapy alone (n = 813). They observed that, after a 24-mo follow-up, Nivolumab with 
chemotherapy outperformed treatment in patients with PD-L1 CPS ≥ 5; the median OS was 14.4 mo vs 
11.1 mo, respectively. The risk of mortality was reduced by 30%, and the proportion of patients living at 
24 mo was 31% vs 19%, respectively. In patients with PD-L1 CPS ≥ 5 or all randomized participants, PFS 
and ORR were not improved by Nivolumab with Ipilimumab vs chemotherapy. However, in both PD-
L1 CPS ≥ 5 and all randomized individuals, responses were more sustained with Nivolumab plus 
Ipilimumab vs chemotherapy (median DOR, 13.2 vs 6.9 mo). They proposed that the long-term clinically 
relevant OS and PFS benefits, enhanced and persistent responses, sustained health-related quality of 
life, and tolerable safety profile of Nivolumab with chemotherapy imply a favorable benefit-risk profile. 
These findings support the use of this regimen as a conventional first-line therapy in previously 
untreated AGC or AGEJC patients.
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Avelumab
Bang et al[76] conducted a randomized, phase 3 JAVELIN Gastric 300 study in 371 patients with AGC or 
AGEJC in 2018 to assess the contribution of Avelumab to the physician's choice of chemotherapy as 
third-line treatment. The trial's primary end objectives of increasing OS (4.6 vs 5.0 mo) or secondary end 
criteria of PFS (1.4 vs 2.7 mo) or ORR (2.2% vs 4.3%) in the Avelumab vs chemotherapy groups, 
respectively, were not met. They claimed that treating these patients with single-agent Avelumab in the 
third-line scenario did not enhance OS or PFS when compared to chemotherapy. Avelumab, on the 
other hand, had a more controllable safety profile than chemotherapy. Moehler et al[77] conducted a 
worldwide, open-label, phase 3 JAVELIN Gastric 100 study in 499 AGC or AGEJC patients in 2021 to 
examine Avelumab maintenance treatment following first-line induction chemotherapy. They found 
that with Avelumab against chemotherapy, the median OS was 10.4 mo vs 10.9 mo, and the 24-mo OS 
rate was 22.1% vs 15.5% with no significant difference. They stated that in patients with AGC or AGEJC 
in general or in a predetermined PD-L1-positive population, JAVELIN Gastric 100 did not offer a 
superior OS with Avelumab maintenance vs continuing chemotherapy.

Durvalumab
Durvalumab is a human IgG1 monoclonal antibody with a high affinity for blocking PD-L1 binding to 
CD80 and PD-1. According to available data, 10 mg/kg of single-agent Durvalumab administered 
intravenously every two weeks for 12 mo showed prospective therapeutic efficacy in gastroesophageal 
malignancies[78,79]. Kwon et al[80] conducted a phase 2 open-label, single-center, non-randomized 
research study in 31 patients with AGC to assess the effectiveness and safety of Ceralasertib in 
conjunction with Durvalumab. The ORR, DCR, median PFS, and OS were reported to be 22.6%, 58.1%, 
3.0 mo, and 6.7 mo, respectively. Common adverse effects were treatable by adjusting the dosage. In 
comparison to patients with intact ataxia telangiectasia mutated (ATM) and low sig. HRD (5.60 mo vs 
1.65 mo), a subset of patients with ATM expression loss and/or a large proportion of mutational 
signature owing to homologous repair failure (high sig. HRD) had significantly higher PFS. They 
proposed that Ceralasertib in combination with Durvalumab had potential anticancer efficacy, with 
long-term responses in patients with refractory AGC.

ACTIIVE IMMUNOTHERAPY
GC vaccine
The ability of cancer vaccines to activate and boost anticancer immune responses, which are predom-
inantly mediated by T cells that detect tumor-associated antigens, gives them therapeutic potential. The 
ideal vaccine should be easy to give, safe, cheap to produce, and able to induce a memory response that 
provides long-lasting immunity. By stimulating NK cells, B lymphocytes, and naïve and memory T 
cells, DCs, APCs, play a crucial role in orchestrating and coordinating antitumor immune responses[81-
83]. For presentation to cytotoxic CD8+ T cells or to CD4+ helper T lymphocytes, tumor antigens are 
loaded by DCs as short peptides onto MHC class I or II molecules. These functional features prompted 
the development of several ways to use DCs in cancer immunotherapy. Despite these presumptions, the 
low in vivo viability of DC-based vaccines prevents their widespread use in clinical settings. A larger 
number of DCs infiltrating the tumor in GC patients was found to correspond with reduced lymph node 
metastases and lymphatic invasion, as well as better 5-year survival rates[84,85]. The results suggest that 
synthetic tumor peptides, synthetic tumor antigen mRNA, lysates, vesicles, and inactivated tumor cells 
can all be used as DC vaccine-loaded antigens. Potential GC vaccine antigens include the melanoma-
associated antigen A3, HER-2 (p369) peptide, gastin-17 diphtheria toxoid, URLC10 or VEGFR1 epitope, 
and heat shock protein GP96[86]. Regrettably, there haven't been many beneficial findings using DC 
vaccinations in the treatment of GC. Only three patients with GC participated in the phase 1/2 clinical 
study, and only one of them was effective, despite showing that a Wilms tumor 1-targeted DC vaccine 
might be utilized to treat advanced cancer, including GC. In order to increase the effectiveness of GC 
vaccines, techniques to target numerous antigens have been investigated[87]. DC vaccines can be used 
with chemotherapy, radiation, and ICIs to increase efficacy. DC immunizations are safe for AGC 
patients since their toxicity and side effects include fever, flu-like symptoms, and local reactions at the 
injection site. DC-cytokine induced killer cell (DC-CIK) therapy is another method of using DCs to treat 
tumors. DC-CIK, coupled with chemotherapy, was proven in clinical trials to be effective and well 
tolerated in the treatment of AGC. According to a meta-analysis, patients who get DC-CIK and 
chemotherapy together after GC surgery have dramatically improved OS, DFS, and T cell responses. 
Additionally, DC-CIK combined with S-1 and cisplatin showed good PFS and OS in the treatment of 
AGC, and the combination therapy was safe and well tolerated in terms of toxicity[88,89]. Tumor-infilt-
rating DCs are linked with a better prognosis in GC; however, the tumor microenvironment contains 
only a few mature DCs. Therefore, DC vaccines and DC-CIK are ineffective against cancer when used as 
a single therapy; therefore, it is essential to determine the reasons for the ineffectiveness or combine 
them with other cancer therapies in order to increase the anti-tumor effects[90].
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CONCLUSION
Globally, GC incidence is still high, and because early cancer screening is not extensively used and the 
symptoms are not frequently recognized, the majority of patients are discovered in the middle or late 
stages of the disease. After several years of effort, the OS has not dramatically improved the treatment 
of AGC. Immunotherapy, on the other hand, has given these patients hope. There are several ways to 
target immune cells to treat tumors, with therapy options targeting T cells having the most substantial 
effect and the quickest development, as well as showing strong clinical success in various solid tumors, 
including GC. ICIs were the most important passive immunotherapy in enhancing AGC patients' OS 
and PFS. These immunotherapies, however, have limitations in the treatment of GC. In certain studies, 
anti-PD-1/PD-L1 and anti-CTLA-4 antibodies did not improve patients' OS and PFS when compared to 
chemotherapy. Although encouraging results have been reported in previous clinical studies, the bulk 
of these populations-which do not make up the majority of AGC patients-have only benefitted from the 
treatment when their PD-L1 CPS, MSH-H, or TMB scores are high. Although several strategies for 
targeting immune cells to treat cancer have shown promise in preclinical animal models, they have not 
been widely used in clinical settings. Because the results of several therapy approaches' ongoing clinical 
trials have not yet been made public. Another explanation would be that they are only marginally 
effective, like with the two DC-based cancer treatment methods (vaccination and DC-CIK), which work 
best in combination with other therapies like chemotherapy. While others acquire primary or secondary 
medication resistance, the widely used ICIs only work for a portion of tumor patients. The complex 
microenvironment in which the tumor is located may be the cause of immunotherapy's poor effect-
iveness. Current immunotherapy only targets one type of cell or a specific target on a specific type of 
cell, whereas the immunosuppressive environment is made up of multiple cells and multiple targets. 
The interaction of tumor cells, immune cells, and stromal cells in the tumor microenvironment creates a 
massive immune suppression network that results in tumor immune escape. More than 10 distinct 
categories of immunosuppressive receptors expressed on T cells have been identified, and there are still 
other inhibitory receptors that have not yet been found. The development of therapy modalities with 
several targets and cells may be the following development path. On the basis of this, multi-target 
combination approaches for tumor therapy have been developed. Examples include the pairing of PD-
1/PD-L1 inhibitors with CTLA-4 inhibitors and PD-1 inhibitors with anti-LAG-3. Moreover, therapeutic 
tactics targeting immune cells have shown promising outcomes when combined with other therapies, 
such as chemotherapy medications. As a result, anti-tumor treatment targeting immune cells has a long 
way to go to achieve synergy and detoxification.
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