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Abstract
Gastric cancer remains one of the most prevalent and lethal malignancies worldwide, characterized by
poor survival rates, particularly in advanced stages. In recent years, a paradigm shift in gastric cancer
treatment has been witnessed with the introduction of immunotherapy and targeted therapies. This re-
view provides a detailed examination of current immunotherapeutic strategies, including adoptive cell
therapy (ACT), immune checkpoint inhibitors (ICIs), and cancer vaccines. Additionally, it explores
advancements in targeted therapies, focusing on the human epidermal growth factor receptor 2 (HER2)
and vascular endothelial growth factor receptor (VEGFR) signaling pathways, as well as emerging
targets such as claudin 18.2. Clinical trials investigating chimeric antigen receptor T-cell (CAR-T) ther-
apy, T-cell receptor-engineered T-cell (TCR-T) therapy, and natural killer (NK) cell-based treatments
have shown promise, particularly when combined with conventional chemotherapeutic regimens. How-
ever, challenges such as cytokine release syndrome, immune-related toxicities, and scalability issues
remain significant. The combination of immunotherapy with targeted therapies represents a promising
approach to enhance treatment outcomes. Future directions emphasize the need to overcome resistance
mechanisms and refine treatment strategies to improve efficacy while reducing adverse effects. This
review aims to elucidate the current landscape of immunotherapy and targeted therapy in gastric cancer
and to explore their potential in shaping the future of clinical management for this devastating disease.
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Introduction
Gastric cancer ranks among the most prevalent and lethal malignancies world-

wide, posing a significant global health burden. Recent epidemiological data in-
dicate that gastric cancer as the sixth most common cancer in terms of incidence
and the third leading cause of cancer-related mortality globally, with an annual
incidence exceeding 1 million cases and approximately 769,000 deaths. Patients
with advanced gastric cancer (AGC) patients face a poor prognosis, with a 5-year
survival rate below 5% (Thrift and El-Serag, 2020).

A concerning trend has emerged in recent years, marked by a notable increase
in gastric cancer incidence among individuals under 50 years of age. This alarming
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rise strongly correlates with helicobacter pylori infection and harmful lifestyle fac-
tors, particularly alcohol consumption and tobacco use (Christodoulidis et al, 2024).
For early-stage gastric cancer, surgical intervention remains the primary treatment
modality, with D2 lymph node dissection established as the standard procedure.
However, significant challenges persist, including high recurrence rates even after
curative surgery and limited treatment options for patients who develop resistance
to conventional therapies. Furthermore, many patients are diagnosed at advanced
stages, where traditional chemotherapy exhibits limited efficacy and considerable
toxicity.

Recent years have witnessed remarkable advancements in immunotherapy for
unresectable or metastatic gastric cancer, leading to a paradigm shift in treatment
strategies (Guan et al, 2023). This progress is driven by extensive and rigorous
clinical investigations. Various adoptive cell therapy approaches have emerged as
promising options: chimeric antigen receptor T-cell (CAR-T), engineered to target
specific tumor antigens through synthetic receptors; T-cell receptor-engineered T-
cell (TCR-T), which recognize intracellular antigens presented by major histocom-
patibility complex (MHC) molecules; tumor-infiltrating lymphocytes (TILs), nat-
urally occurring T cells isolated from tumors; cytokine-induced killer (CIK) cells,
which exhibit both natural killer (NK) and T cell properties; and NK cells, which
provide innate anti-tumor immunity. Each approach offers unique advantages and
challenges regarding specificity, persistence, and safety profiles.

Additional immunotherapeutic strategies include immune checkpoint inhibitors
(ICIs) and cancer vaccines, while targeted therapies focus on signaling pathways
such as human epidermal growth factor receptor 2 (HER2) and vascular endothe-
lial growth factor receptor (VEGFR), as well as novel targets like claudin 18.2
(CLDN18.2).

This comprehensive review aims to elucidate the current landscape and chal-
lenges associated with these immunotherapeutic and targeted approaches in the clin-
ical management of gastric cancer, with a particular focus on addressing the urgent
unmet needs in treating advanced and resistant disease.

Adoptive Cell Therapy
Adoptive cell therapy (ACT) is a cutting-edge therapeutic approach that uti-

lizes the patient’s endogenous immune cells to target and eradicate malignant cells
selectively. The ACT protocol involves the isolation of patient-derived immune
cells, predominantly T lymphocytes or NK cells, and their ex vivo manipulation
or expansion, and subsequent reinfusion into the patient to enhance the host’s anti-
tumor immune response. ACT encompasses a diverse range of cellular therapies,
including but not limited to CAR-T therapy, TCR-T therapy, TIL therapy, CIK
cell therapy, and NK cell therapy. The salient characteristics of these distinct ACT
modalities are shown in Table 1.

CAR-T Therapy
CAR-T therapy has gained widespread application in clinical trials and thera-

peutic interventions across variousmalignancies. While CAR-T therapy has demon-
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Table 1. Advantages and disadvantages of various therapies in ACT.

Therapy Advantages Disadvantages

CAR-T Highly specific and individualized
treatment

Potential for severe immune-related adverse re-
actions

TCR-T Not limited by cell surface antigens
and applicable to tumor types ineffec-
tive for CAR-T

High antigen specificity requirements may
cause damage to autologous tissues

NK Applicable to various tumor types Requires large-scale NK cell infusion in the
short term, with relatively weak specificity and
therapeutic effect

TIL Effective against multiple tumor types Time-consuming to obtain cells and unstable
therapeutic effect

CIK Non-MHC-restricted and antibody-
dependent cellular cytotoxicity

Consistency and durability of efficacy need to
be verified

ACT, adoptive cell therapy; CAR-T, chimeric antigen receptor T-cell; TCR-T, T-cell receptor-
engineered T-cell; NK, natural killer; TIL, tumor-infiltrating lymphocyte; CIK, cytokine-induced
killer; MHC, major histocompatibility complex.

strated remarkable efficacy in hematological malignancies, ongoing research is in-
tensively focused on exploring its potential in solid tumors, including gastric can-
cer (Entezam et al, 2023). In gastric cancer research, multiple CAR-T therapeutic
approaches targeting different molecular targets are under investigation. HER2-
targeted CAR-Ts have shown objective response rates of 11.1–33.3% in phase I/II
trials; Epithelial cell adhesion molecule (EpCAM)-targeted CAR-Ts have demon-
strated promising safety profiles and initial efficacy signals in early-phase studies.
Folate receptor 1 (FOLR1)-directed CAR-Ts have exhibited potent anti-tumor ac-
tivity in preclinical models, with ongoing phase I trials assessing their clinical po-
tential.

Notably, genetically engineered CAR-Ts designed to target HER2-positive tu-
mor cells have exhibited pronounced antitumor efficacy in preclinical gastric cancer
murine models, with tumor regression observed in 85–90% of treated animals (Xu
et al, 2023). CLDN18.2, a membrane protein significantly upregulated in gastroin-
testinal adenocarcinomas, has emerged as a promising target in CAR-T research
for gastric cancer. Current clinical trials evaluating CLDN18.2-targeted CAR-Ts
(CT041) have yielded encouraging preliminary results, demonstrating an overall re-
sponse rate of 33% in heavily pretreated patients with manageable safety profiles.

Recent clinical investigations have yielded promising results for combination
therapy zolbetuximab, a monoclonal antibody targeting CLDN18.2, in specific pa-
tient cohorts. The target population includes patients with CLDN18.2-positive,
HER2-negative, treatment-naïve locally advanced unresectable, or metastatic gas-
tric cancer or gastroesophageal junction cancer (GEJC). Clinical data demonstrate
that the combination of zolbetuximab with modified folinic acid, fluorouracil, and
oxaliplatin (mFOLFOX6) or capecitabine plus oxaliplatin (CAPOX) regimen sig-
nificantly improves progression-free survival (PFS) and overall survival (OS) in
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these patients. This innovative combination therapy shows promise as a potential
first-line treatment paradigm for the aforementioned patient subgroups (Shah et al,
2023). Despite these advancements, cytokine release syndrome and neurotoxicity
associated with CAR-T therapy remain critical safety concerns, underscoring the
need for effective mitigation strategies (Qi et al, 2022).

TCR-T Therapy
TCR-T therapy offers several distinct advantages over CAR-T therapy in cer-

tain contexts. TCR-Ts demonstrate superior proliferative capacity under high anti-
gen pressure conditions and are not constrained by the expression of surface anti-
gens on target cells, enabling versatile recognition of diverse epitopes (Wachsmann
et al, 2022). Empirical evidence indicates that TCR-Ts can effectively mediate tu-
mor lysis and clearance. Clinical trials investigating TCR-T therapy in hematolog-
ical malignancies and various solid tumors have yielded promising efficacy results
(Anderson and Chapman, 2024). Although TCR-T therapy has not yet achieved
significant breakthroughs in gastric cancer treatment, its ability to recognize intra-
cellular antigens offers substantial prospects for development in the field of cellular
immunotherapy.

Currently, several promising TCR-T approaches are under investigation for
gastric cancer. New York esophageal squamous cell carcinoma-1 (NY-ESO-1)-
targeted TCR-Ts were shown preliminary efficacy in phase I trials, with response
rates of 20–30% in expression-positive patients (Singh et al, 2015). Melanoma-
associated antigen A4 (MAGE-A4)-directed TCR-Ts are being evaluated in an on-
going clinical study, showing encouraging safety profiles; Human Leukocyte Anti-
genA*24:02 (HLA-A*24:02)-restricted TCR-Ts targetingmultiple tumor-associated
antigens are in early-phase trials (Dolton et al, 2023). These approaches demon-
strate varying degrees of efficacy and safety profiles, with some showing particular
promise in specific patient subgroups.

Despite these advances, TCR-T therapy faces several challenges. Low-affinity
TCRs may confer enhanced safety profiles but potentially compromise anti-tumor
efficacy, while high-affinity TCRsmay elicit off-target toxicities against non-malig-
nant tissues. Recent technological advances in TCR engineering, including affin-
ity optimization techniques and the incorporation of safety switches, are being ex-
plored to address these challenges. Additionally, combination approaches with
checkpoint inhibitors or other immunotherapies are being investigated to enhance
TCR-T efficacy while maintaining acceptable safety profiles (Zhao et al, 2021).

NK Cell Therapy
NK cells, pivotal effectors of the innate immune system, play an indispens-

able role in the inhibition of gastric cancer initiation, progression, and metasta-
sis. NK cells employ a multifaceted approach to exert their anti-neoplastic func-
tions, including induction of gastric cancer cell death via antibody-dependent cell-
mediated cytotoxicity (ADCC), release of cytolytic granules containing perforin
and granzymes, secretion of pro-inflammatory cytokines such as interferon-γ (IFN-
γ) and tumor necrosis factor-α (TNF-α), and promotion of tumor cell apoptosis
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through the engagement of death receptor pathways, namely First Apoptosis Sig-
nal/FASLigand (FAS/FASL) and TNF-RelatedApoptosis-Inducing Ligand/TRAIL
Receptor (TRAIL/TRAILR) complexes (Du andWei, 2019). The study focusing on
HER2-positive gastric cancer has demonstrated that the combinatorial approach of
infusing ex vivo expanded and activated autologous NK cells with trastuzumab sig-
nificantly augments the cytolytic capacity of NK cells against trastuzumab-targeted
tumor cells (Lee et al, 2020). Furthermore, a cohort study encompassing 146 gas-
tric cancer patients revealed that cases exhibiting high Cluster of Differentiation 56
(CD56) expression were associated with reduced tumor burden, enhanced surgical
outcomes, and more favorable prognostic indicators. The study also elucidated a
positive correlation between CD56 expression levels and NK cell density, lending
further credence to the hypothesis that gastric cancer treatment efficacy is intimately
linked to NK cell abundance (Sakamoto et al, 2015).

Notwithstanding the immense potential of NK cell-based immunotherapy, its
clinical implementation is confronted by two principal challenges: the scalable pro-
duction of NK cells in sufficient quantities for clinical application, and the augmen-
tation of NK cell anti-tumor functionality. Addressing these challenges represents
a critical frontier in the ongoing development and optimization of NK cell-based
immunotherapeutic strategies.

TIL Therapy
Tumor-infiltrating lymphocyte (TIL) therapy is a personalized adoptive cell

transfer method showing promise in inducing durable complete responses in pa-
tients unresponsive to standard treatments. Evidence indicated that neoantigen-
reactive T cells primarily mediate tumor regression post-TIL infusion (Zhang et al,
2019). In advanced gastric cancer (AGC) patients, combining autologous TIL rein-
fusion with interleukin-2 (IL-2) led to complete tumor regression in 13% and tumor
growth inhibition in 21.7% of cases, with the regimen being well-tolerated and free
of severe adverse events (Faghfuri et al, 2022). Despite these positive outcomes,
challenges such as lengthy ex vivo TIL expansion and the immunosuppressive tu-
mor microenvironment hinder clinical implementation. Addressing these issues is
essential to enhance the efficacy and practicality of TIL therapy.

CIK Cell Therapy
Cytokine-induced killer (CIK) cells are a heterogeneous population derived

from peripheral blood mononuclear cells stimulated ex vivo with cytokines such
as IFN-γ, IL-2, and anti-CD3 antibodies. The main effector subset co-expresses
CD3 and CD56 markers. Studies have shown that adjuvant therapy with autolo-
gous CIK cells prolongs disease-free survival (DFS) and OS in post-operative and
localized advanced gastric cancer (AGC) patients (Li et al, 2017; Shi et al, 2012).
Although combining CIK cell therapy with chemotherapy improves survival out-
comes in AGC patients, challenges remain in ensuring consistent and durable effi-
cacy.
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Table 2. Overview of immune checkpoint inhibitor studies in gastric cancer.
Inhibitor Study Study subjects (patients) Study design Results

PD-1
inhibitors

KEYNOTE-059 (Phase II) AGC and GEJC Pembrolizumab monotherapy ORR was 11.6%, 2.3% patients had
complete remission

KEYNOTE-585 (Phase III) Locally advanced resectable gas-
tric cancer or gastroesophageal
adenocarcinoma

Pembrolizumab + chemotherapy Improved pCR, but did not signifi-
cantly improve EFS

KEYNOTE-859 (Phase III) Locally advanced, metastatic
HER2-negative gastric cancer or
GEJC

Pembrolizumab + chemotherapy Significant improvement in OS, man-
ageable adverse reactions

KEYNOTE-811 (Phase III) HER2-positive gastric cancer or
GEJC

Pembrolizumab + trastuzumab +
chemotherapy

Significantly improved PFS, but did
not improve OS

ATTRACTION-4 (Phase III) HER2-negative, unresectable ad-
vanced or recurrent gastric can-
cer or GEJC

Nivolumab + chemotherapy Significantly improved PFS, but did
not improve OS

CheckMate-649 (Phase III) AGC, GEJC, and esophageal
adenocarcinoma

Nivolumab + chemotherapy Combination therapy significantly im-
proved OS and PFS compared to
chemotherapy alone

Li et al, 2023a (Phase I) HER2-positive advanced gastric
and GEJC

Pyrotinib + camrelizumab +
chemotherapy

Showed good efficacy in first-line
treatment, and ORR was 77.8%

Lin et al, 2024 (Phase II) Locally AGC Camrelizumab + apatinib +
chemotherapy

Combination therapy significantly in-
creased pathological response, ORR,
and R0 resection rate compared to
chemotherapy alone

DRAGON IV (Phase III) AGC or GEJC Camrelizumab + rivoceranib +
chemotherapy

Combination therapy significantly im-
proved pCR compared to chemother-
apy alone, with manageable safety
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Table 2. Continued.
Inhibitor Study Study subjects (patients) Study design Results

PD-L1 In-
hibitors

JAVELIN Gastric 300 (Phase III) AGC or GEJC Avelumab monotherapy No significant improvement in OS, PFS, or
ORR compared to chemotherapy

JAVELIN Solid Tumor (Phase Ib) AGC or GEJC after
chemotherapy

Avelumab monotherapy Relatively low incidence of G3/4 adverse
events, 1L group had extended median DOR

JAVELIN Gastric 100 (Phase III) AGC or GEJC Avelumab monotherapy After first-line induction chemotherapy,
avelumab 1L group had better tolerability
and more durable response, but no significant
difference in median OS

JVDJ (Phase Ia/b) AGC or GEJC Ramucirumab + durvalumab Combination therapy showed enhanced efficacy
and promising results in PD-L1 high-expression
patients

DURIGAST-PRODIGE 59 (Phase II) AGC or GEJC FOLFIRI + durvalumab ±
tremelimumab

Expected safety observed with combination
therapy

MATTERHORN (Phase III) Resectable gastric cancer
and GEJC

Durvalumab + FLOT Significant improvement in pCR with manage-
able safety

CTLA-4
Inhibitors

Lei et al, 2021 (Phase I/II) Advanced GC/GEJC pa-
tients

Nivolumab ± ipilimumab
biomarker analysis

CPS demonstrated superior predictive value for
efficacy compared to TC score (positive tumor
cells/total tumor cells), with objective response
rate (ORR) reaching 19% in patients with CPS
≥5 and 26% in those with CPS ≥10

CheckMate-032 (Phase III) Metastatic esophagogas-
tric cancer

Nivolumab + ipilimumab Showed clinically meaningful antitumor activ-
ity, durable responses, good long-term survival
rates, and manageable safety profile

Kelly et al, 2020 (Phase Ib/II) AGC and GEJC Durvalumab monotherapy,
tremelimumab monotherapy,
durvalumab + tremelimumab

Low response rates observed with both
monotherapy and combination therapy, and no
new safety issues identified

PD-1, programmed cell death protein 1; AGC, advanced gastric cancer; GEJC, gastroesophageal junction cancer; ORR, objective response rate; pCR, patho-
logical complete response; EFS, event-free survival; OS, overall survival; PFS, progression-free survival; HER2, human epidermal growth factor receptor 2;
PD-L1, programmed death-ligand 1; DOR, duration of response; FOLFIRI, folinic acid, fluorouracil and irinotecan; FLOT, fluorouracil, leucovorin, oxaliplatin
and docetaxel; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; CPS, combined positive score; GC, gastric cancer; TC, tumor cells.
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Immune Checkpoint Inhibitors
Immune checkpoint molecules serve as crucial regulatory elements within the

immune system, modulating immune responses to maintain self-tolerance and mit-
igate collateral tissue damage. Neoplasms exploit immune checkpoint pathways
to circumvent immune surveillance and evade immunological destruction. This is
achieved through the aberrant expression of immune checkpoint molecules, includ-
ing programmed cell death protein 1 (PD-1), programmed death-ligand 1 (PD-L1),
and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4). Immune checkpoint
inhibitor (ICI) therapy aims to reinvigorate anti-tumor immune responses by dis-
rupting these inhibitory signaling pathways through the administration of specific
monoclonal antibodies. This therapeutic approach enhances the immune system’s
capacity to recognize and eliminate malignant cells. Table 2 presents a compre-
hensive overview of selected clinical studies investigating the efficacy of immune
checkpoint inhibitors in the treatment of gastric cancer.

PD-1 Inhibitors
Pembrolizumab

Pembrolizumab, a humanized Immunoglobulin G4 (IgG4) monoclonal anti-
body targeting PD-1, has demonstrated significant clinical efficacy in advanced
gastric cancer (AGC) treatment (Li et al, 2023a). In the KEYNOTE-059 study with
259 AGC patients, pembrolizumab monotherapy achieved complete responses in
a subset, with an objective response rate (ORR) of 11.6% for those with combined
positive score (CPS) ≥1 (Fuchs et al, 2018).

The subsequent study has explored the combination of pembrolizumab with
chemotherapy. In KEYNOTE-811, for HER2-positive gastric or gastroesophageal
junction cancer (GEJC), pembrolizumab with cetuximab and chemotherapy im-
proved progression-free survival (PFS), though OS improvement was not statisti-
cally significant (Janjigian et al, 2023). Overall, pembrolizumab shows promise in
AGC treatment, warranting further studies and long-term evaluations of its efficacy
and safety.

Nivolumab
Nivolumab, a fully human IgG4 anti-PD-1 antibody, has shown efficacy in

AGC. TheATTRACTION-4 study assessed nivolumab in combinationwith oxalipl-
atin-based chemotherapy as a first-line treatment, which prolonged median PFS
without significantly extending median OS, and maintaining a manageable safety
profile (Kang et al, 2022). The CheckMate-649 trial demonstrated significant im-
provements inOS, PFS,ORR, and response durationwith nivolumab plus chemother-
apy compared to chemotherapy alone in Chinese patients with AGC, GEJC, and
esophageal adenocarcinoma. Additionally, it also showed enhanced OS and DFS
in unresectable advanced or metastatic non-HER2-positive gastric cancer (Janji-
gian et al, 2021). These promising results led to Food and Drug Administration
(FDA) and Chinese approvals of the combination of nivolumab and oxaliplatin-
based chemotherapy as first-line treatment for AGC and GEJC patients.
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Camrelizumab
Camrelizumab, a humanized anti-PD-1 IgG4 monoclonal antibody with high

affinity, has shown promise in recent studies. Li et al (2023a) demonstrated that
combining camrelizumab with pyrotinib and chemotherapy as first-line treatment
for HER2-positive AGC and gastroesophageal junction adenocarcinoma resulted
in high ORR. Lin et al (2024) reported in a phase II trial that camrelizumab com-
bined with apatinib and chemotherapy as a neoadjuvant regimen for locally ad-
vanced AGC showed good tolerability, a higher major pathological response, and
increased R0 resection rates. In the DRAGON IV trial, perioperative camrelizumab
combined with rivoceranib and chemotherapy improved pathological complete re-
sponse (pCR) compared to chemotherapy alone, while maintaining safety and surgi-
cal feasibility, offering a new perioperative treatment option for resectableAGC/GE-
JC (Li et al, 2023b). The efficacy of ICI in gastric cancer is influenced by factors
such as Epstein-Barr virus (EBV) association and microsatellite instability-high
(MSI-H) status, both of which correlate with a higher tumor mutational burden and
enhanced neoantigen presentation, thus boosting T cell response.

PD-L1 Inhibitors
Avelumab

Avelumab, a humanized IgG1 monoclonal antibody specifically targeting PD-
L1, functions by disrupting the PD-L1/PD-1 interaction, thereby reinvigorating anti-
tumor immune responses. In the JAVELIN Solid Tumor study, avelumab was used
as a first-line (1L) or second-line (2L) treatment for advanced gastroesophageal
junction tumors, revealing low rates of Grade 3/4 adverse events (1L: 8.5%, 2L:
8.3%) and a prolonged median duration of response with an ORR 6.7% in the 1L
cohort (Chung et al, 2019). The JAVELIN Gastric 100 study compared avelumab
1Lmaintenance therapy with continued chemotherapy post-capecitabine plus oxali-
platin (XELOX)/leucovorin, fluorouracil, and oxaliplatin (FOLFOX) and revealed
that avelumab showed better tolerability and more durable responses with a 24-
month OS of 22.1% vs 15.5% in the chemotherapy group. However, it did not
significantly improve median OS in the CPS ≥1 subgroup (Moehler et al, 2021).

Durvalumab
Durvalumab, a high-affinity anti-PD-L1 IgG1 monoclonal antibody, inhibits

the interaction between PD-L1 and both PD-1 and CD80 receptors on T cells. The
JVDJ trial, which combined durvalumab with ramucirumab as second-line treat-
ment for AGC and GEJC demonstrated enhanced efficacy with an ORR of 21%,
a median PFS of 2.6 months, and a median OS of 12.4 months compared to dur-
valumab alone. The DURIGAST-PRODIGE59 trial evaluated durvalumab with
folinic acid, fluorouracil and irinotecan (FOLFIRI), with or without tremelimumab,
as second-line therapy for AGC. Both regimens exhibited acceptable safety pro-
files, with ≥Grade 3 treatment-related adverse events (TRAEs) in ~60% of pa-
tients (Evrard et al, 2022). The MATTERHORN study showed that adding durval-
umab to perioperative fluorouracil, leucovorin, oxaliplatin and docetaxel (FLOT)
treatment significantly improved pathological complete response (pCR) with man-
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ageable safety, supporting its use in resectable gastric cancer (GC) and gastroe-
sophageal junction cancer (GEJC) (Oh et al, 2023).

CTLA-4 Inhibitors
Ipilimumab, a fully humanized IgG1 monoclonal antibody targeting CTLA-4,

enhances T cell activation by specifically inhibiting the interaction between CTLA-
4 and its ligands, thus augmenting antitumor immune responses. A clinical trial
comparing ipilimumab monotherapy to best supportive care in AGC and GEJC
was terminated early due to inadequate progression-free survival (PFS).

The CheckMate-032 study evaluated nivolumab monotherapy (NIVO) versus
combinations: nivolumab 3mg/kg + ipilimumab (IPI) 1 mg/kg (NIVO3 + IPI1) and
nivolumab 1 mg/kg + ipilimumab 3 mg/kg (NIVO1 + IPI3) in AGC/GEJC patients.
The NIVO1 + IPI3 regimen showed superior objective response rate (ORR) and
PFS compared to NIVO3 andNIVO3 + IPI1, but with higher grade 3/4 TRAEs (Jan-
jigian et al, 2018). In combination therapies, a recent study found that ipilimumab
plus nivolumab did not significantly improve overall survival (OS) or ORR versus
conventional chemotherapy in advanced gastroesophageal cancer but did enhance
response durability (Shitara et al, 2022). Tremelimumab, another fully humanized
anti-CTLA-4 antibody with a longer half-life, allows administration once every
three months. Kelly et al (2020) reported that tremelimumab combined with durval-
umab achieved OS comparable to other checkpoint inhibitor combinations, despite
low response rates, and maintained an acceptable safety profile. The DURIGAST-
PRODIGE59 trial assessed FOLFIRI with durvalumab, with or without tremeli-
mumab, as second-line therapy for advanced gastric or gastroesophageal junction
adenocarcinoma. It demonstrated expected safety profiles, supporting progression
to phase II randomized trials.

Table 3 summarizes key clinical trials investigating immunotherapy agents, ei-
ther as monotherapy or in combination with chemotherapy, across various treat-
ment settings in gastric cancer, highlighting the evolving landscape of immunother-
apeutic approaches in this malignancy.

Emerging Immune Checkpoint Inhibitors
Recent advances in immunotherapy have led to the identification of several

promising novel immune checkpoint targets beyond PD-1/PD-L1 for gastric cancer
treatment. One such approach is the B7 homolog 3 (B7-H3, also known as CD276)-
targeted antibody-drug conjugate MGC018, which is under investigation in clini-
cal trials (NCT05144529) and has shown promising preliminary efficacy. Another
key area of focus is TIGIT inhibition, with tiragolumab being evaluated in the
SKYSCRAPER-06 trial (NCT04866017) in combination with atezolizumab and
chemotherapy for HER2-negative advanced gastric cancer. Additionally, savoli-
tinib is being evaluated in a clinical trial (NCT04923932) for treating patients with
gastric cancer and esophagogastric junction adenocarcinoma. Lymphocyte Activa-
tionGene-3 (LAG-3)-targeted approaches have also shown particular promise, with
relatlimab being investigated in combination with nivolumab (NCT04082364) and
eftilagimod alpha demonstrating synergistic effects with PD-1 inhibitors in
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Table 3. The Key Results of some immunotherapy studies in gastric cancer.
Study name Drug(s) Setting Key results

ATTRACTION-02 Nivolumab 3rd line and later Established the role of Nivolumab in advanced gastric cancer
KEYNOTE-062 Pembrolizumab + chemotherapy 1st line Did not demonstrate efficacy of combination
CheckMate 649 Nivolumab + chemotherapy 1st line Positive results, especially in PD-L1 CPS ≥5
ORIENT-16 Sintilimab + chemotherapy 1st line Positive results, especially in Chinese patients
RATIONALE-305 Tislelizumab + chemotherapy 1st line Positive results, especially in PD-L1 high expression
KEYNOTE-859 Pembrolizumab + chemotherapy 1st line Positive results
GEMSTONE-303 Sugemalimab + CAPOX 1st line PFS and OS improved in PD-L1 ≥5%, and more benefit in PD-L1 ≥10%
AK104-302 Cadonilimab + chemotherapy 1st line Significant OS benefit, including in PD-L1 CPS <5 population
KEYNOTE-158 Pembrolizumab MSI-H/dMMR ORR 31% (global), 63% (Chinese cohort)
KN035-CN006 Envafolimab 2nd line, MSI-H/dMMR ORR 55.6%, 12-month OS rate 77.4%
ASTRUM-010 Serplulimab MSI-H/dMMR Approved for MSI-H/dMMR solid tumors after standard treatment failure
DANTE Atezolizumab + FLOT Perioperative Improved pathological response
KEYNOTE-585 Pembrolizumab + chemotherapy Perioperative Increased pCR (12.9% vs 2.0%), and non-significant EFS improvement
ATTRACTION-5 Nivolumab + chemotherapy Adjuvant No significant RFS improvement, and benefit in PD-L1 ≥1% subgroup
DRAGON-IV/Ahead-G208 Apatinib + camrelizumab + SOX Neoadjuvant pCR rate 18.3% vs 5.0% in SOX alone
MATTERHORN Durvalumab + FLOT Neoadjuvant pCR rate 19% vs 7%, pCR+pnCR 27% vs 14%
MSI-H, microsatellite instability-high; dMMR, deficient mismatch repair; ORR, objective response rate; OS, overall survival; PFS, progression-free survival;
EFS, event-free survival; RFS, recurrence-free survival; pCR, pathological complete response; pnCR, pathological near complete response; FLOT, fluorouracil,
leucovorin, oxaliplatin and docetaxel; SOX, S-1 plus oxaliplatin; CAPOX, capecitabine plus oxaliplatin.
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early-phase studies. Furthermore, the therapeutic portfolio is enriched by T-cell im-
munoglobulin and mucin domain-containing protein 3 (TIM-3) pathway inhibition,
where agents like cobolimab (TSR-022) and sabatolimab (MBG453) are being eval-
uated in combinationwith other immunotherapeutic agents and standard chemother-
apy protocols in advanced solid tumors, including gastric cancer. These novel
checkpoint inhibitors, through their diverse mechanisms of action and potential
synergistic effects, represent a significant advancement in the evolving paradigm
of gastric cancer immunotherapy, though further clinical validation through ongo-
ing trials remains crucial.

Immune-Related Adverse Events in Immune Checkpoint Inhibitors
Immune checkpoint inhibitors (ICIs) have demonstrated significant clinical

efficacy in cancer immunotherapy for the treatment of various malignancies, in-
cluding gastric and gastroesophageal junction cancer. However, the mechanism of
action of ICIs carries the inherent risk of immune-related adverse events (irAEs),
which results from disruptions in immune homeostasis. These events can mani-
fest across multiple organ systems, including dermatologic manifestations, consti-
tutional symptoms, hematologic abnormalities, and endocrinopathies, with varying
degrees of severity. Fortunately, most irAEs are typically reversible with appropri-
ate management.

In the phase Ib, KEYNOTE-012 clinical trial evaluating pembrolizumabmonother-
apy in advanced gastric and gastroesophageal junction cancer, common adverse
events included nausea, vomiting, diarrhea, and thyroid dysfunction. These reac-
tions were generally manageable and did not result in serious consequences. Joshi
andBadgwell (2021) demonstrated that PD-1 inhibitors exhibited significantly lower
overall adverse event rates compared to conventional chemotherapy, with manage-
able safety profiles.

Similarly, Pei et al (2023)’s meta-analysis involving 1589 patients treated with
immune checkpoint inhibitors in advanced gastric and gastroesophageal junction
cancer reported an overall incidence of immune-related adverse events of 16% for
all grades, with anti-PD-1 inhibitors showing a higher incidence (20%) compared
to anti-PD-L1 inhibitors (13%). The predominant manifestations included fatigue
(14.1%), pruritus (10.3%), rash (9.8%), diarrhea (8.2%), hypothyroidism (7.0%),
decreased appetite (6.1%), and nausea (5.7%), none of which resulted in severe ad-
verse outcomes. Additionally, Wang et al (2019) reported adverse reactions asso-
ciated with PD-1 inhibitor therapy included neutropenia (23%), leukopenia (17%),
and nausea (3%). Only one patient (3%) experienced grade 3 adverse events, all of
which improved with treatment, further demonstrating the overall controllability of
PD-1 inhibitor-related adverse reactions.

Neoadjuvant Immunotherapy Combined with
Chemotherapy

Recent studies have highlighted the potential of neoadjuvant immunotherapy
combined with chemotherapy in the treatment of gastric cancer (GC) and gastroe-
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sophageal junction (GEJ) adenocarcinoma (Table 4). These studies have demon-
strated promising results, particularly in terms of pathologic complete response
(pCR) rates, while survival benefits continue to require further investigation.

A meta-analysis (Yuan et al, 2023) of 20 prospective phase I trials (n = 753) re-
ported a pCR rate of 21.7% (95% confidence interval [CI]: 18.1%–25.5%) and ma-
jor pathologic response (MPR) rate of 44.0% (95% CI: 34.1%–53.8%). Treatment-
related adverse events were observed in 89.1% of patients (95%CI: 82.7%–94.3%),
with grade 3–4 events in 34.4%. The R0 resection rate was 98.9% and no signifi-
cant differences in pCR were found between PD-L1-positive and negative patients
(22.5% vs 21.2%, p > 0.05).

In another phase I single-arm trial by Wei et al (2023), 34 patients with lo-
cally advanced GC/GEJ adenocarcinoma received sintilimab plus chemotherapy
with concurrent radiotherapy. The study achieved a pCR rate of 38.2% (95% CI:
22.2%–56.4%), an MPR rate of 79.4%, and R0 resection rate of 100%. The median
DFS was 17.0 months, with a one-year survival rate of 92.6%. Higher pCR rates
were observed in PD-L1-positive patients (CPS ≥5: 63.6% vs CPS <5: 28.6%, p
= 0.072).

The KEYNOTE-585 phase III trial compared pembrolizumab plus chemother-
apy to placebo plus chemotherapy in the neoadjuvant/adjuvant setting. The main
cohort (n = 804) showed significantly higher pCR rates in the pembrolizumab group
(12.9% vs 2.0%, p < 0.0001). Additionally, the three-year event-free survival
(EFS) rates were 54% vs 44% (Hazard Ratio [HR] = 0.81, p = 0.0198), and me-
dian overall survival was 60.7 vs 58.0 months (HR = 0.90, 95% CI: 0.73–1.12).
While the addition of pembrolizumab significantly improved pCR rates, the sur-
vival benefit requires further investigation as no statistically significant difference
in OS was observed (Bang et al, 2019).

Overall, while neoadjuvant immunotherapy combined with chemotherapy has
shown significant improvements in pCR rates, the impact on survival remains un-
certain, and further investigation is needed to confirm the long-term benefits of
these approaches in gastric cancer treatment.

Progress in Targeted Therapy for Gastric Cancer
Table 5 outlines key targeted therapies in gastric cancer, focusing on various

molecular targets, their representative drugs, pivotal studies, and primary outcomes,
demonstrating the diverse approaches in precision medicine for this malignancy.

HER2 Pathway
Trastuzumab, a humanized monoclonal antibody that specifically binds to the

extracellular domain IV of HER2, prevents receptor dimerization and subsequent
activation of downstream signaling pathways including phosphatidylinositol 3-kinase/
protein kinase B (PI3K/AKT) and mitogen-activated protein kinase (MAPK) cas-
cades. Notably, exploratory analysis revealed that patients with immunohistochem-
istry 2+/fluorescence in situ hybridization positive (IHC2+/FISH+) or immuno-
histochemistry 3+ (IHC3+) status achieved an even more impressive OS of 16.0
months with this regimen. Despite the initial success, subsequent advances in anti-
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Table 4. Three clinical trials of neoadjuvant immunotherapy combined with chemotherapy in gastric cancer.
Study Study type Sample size Treatment regimen Key outcomes

Yuan et al, 2023 Meta-analysis 753 Chemotherapy + immunotherapy

pCR rate: 21.7%;
MPR rate: 44.0%;
TRAEs: 89.1% (Grade 3–4: 34.4%);
R0 resection rate: 98.9%;
No significant difference in pCR andMPR based on PD-L1 status.

Wei et al, 2023 Phase I single-arm 34 Sintilimab + chemotherapy +
radiotherapy (S-1 + nab-paclitaxel)

pCR rate: 38.2%;
MPR rate: 79.4%;
R0 resection rate: 100%;
1 year OS rate: 92.6%;
Higher pCR rate in PD-L1 positive (CPS ≥5): 63.6% vs 28.6%.

Bang et al, 2019 Phase III randomized
double-blind 1007 Pembrolizumab + chemotherapy

vs placebo + chemotherapy

pCR rate: 13.0% vs 2.4%;
3-year EFS rate: 54% vs 44%;
3-year OS rate: 65% vs 60%;
mEFS: 44.4 months vs 25.3 months mOS: 60.7 months vs 58.0
months (not significant).

pCR, pathologic complete response; MPR, major pathologic response; TRAEs, treatment-related adverse events; R0, complete resection with negative margins;
PD-L1, programmed death-ligand 1; OS, overall survival; CPS, combined positive score; EFS, event-free survival; mEFS, median event-free survival; mOS,
median overall survival; S-1, a combination drug consisting of tegafur, gimeracil, and oteracil potassium.
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Table 5. Summary of targeted agents and their clinical trial results in gastric cancer.
Target Representative drug Key study Main results

HER2

Trastuzumab ToGA study Trastuzumab + chemotherapy: OS 13.8 months, ORR 47%
DS-8201 DESTINY-Gastric01 DS-8201 vs chemotherapy: ORR 51% vs 14%, OS 12.5 vs 8.4 months
RC48 C008 study Second-line or later treatment: OS 7.9 months, PFS 4.1 months, ORR 24.4%
Pembrolizumab
+ Trastuzumab

KEYNOTE-811 Pembrolizumab + trastuzumab + chemotherapy vs trastuzumab + chemotherapy:
PFS 10.0 vs 8.1 months

VEGF/VEGFR Ramucirumab RAINBOW-Asia Ramucirumab + paclitaxel vs placebo + paclitaxel: PFS 4.14 vs 3.15 months, OS
8.71 vs 7.92 months

CLDN18.2 Zolbetuximab SPOTLIGHT Zolbetuximab +mFOLFOX6 vs placebo +mFOLFOX6: PFS 10.61 vs 8.67 months,
OS 18.23 vs 15.54 months

GLOW Zolbetuximab + CAPOX vs placebo + CAPOX: PFS 8.21 vs 6.8 months, OS 14.39
vs 12.16 months

FGFR2b Bemarituzumab FIGHT Bemarituzumab + mFOLFOX6 vs placebo + mFOLFOX6: PFS 9.5 vs 7.4 months

DKK1 Sirexatamab (DKN-01) DisTinGuish Tislelizumab +DKN-01 +XELOX: ORR 62%, ORR 90% inDKK1 high expression
population

OS, overall survival; ORR, objective response rate; PFS, progression-free survival; mFOLFOX6, modified folinic acid, fluorouracil, and oxaliplatin;
CAPOX, capecitabine plus oxaliplatin; XELOX, capecitabine plus oxaliplatin; ToGA, Trastuzumab for Gastric Cancer; DS-8201, trastuzumab deruxte-
can; RC48, disitamab vedotin; VEGF/VEGFR, vascular endothelial growth factor/vascular endothelial growth factor receptor; CLDN18.2, claudin 18.2;
FGFR2b, fibroblast growth factor receptor 2b; DKK1, dickkopf Wingless-Type Mouse Mammary Tumor Virus Integration Site Family (WNT) signaling
pathway inhibitor 1 (Dickkopf-1).
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HER2 therapy for advanced gastric cancer proved challenging. The TyTAN study
(Satoh et al, 2014), which evaluated paclitaxel with or without lapatinib in the
second-line setting. Similarly, the JACOB study (Tabernero et al, 2023), inves-
tigating dual HER2 blockade, showed a modest 3.3-month improvement in median
OS (17.5 vs 14.2 months) but failed to demonstrate statistically significant OS pro-
longation with the addition of pertuzumab to trastuzumab plus chemotherapy.

Recent advances in anti-HER2 therapies for gastric cancer have predominantly
centered on antibody-drug conjugates (ADCs). These sophisticated therapeutic
agents combine the targeting precision of HER2 antibodies with potent cytotoxic
payloads. While trastuzumab emtansine (T-DM1), which utilizes the antimicro-
tubule agent DM1, failed to demonstrate efficacy in gastric cancer due to its non-
cleavable linker, next-generation ADCs have addressed these limitations. Trastuzu-
mab deruxtecan (DS-8201) employs a topoisomerase I inhibitor payload with a
novel cleavable tetrapeptide-based linker, allowing for improved payload deliv-
ery and potential bystander effects. Similarly, disitamab vedotin (RC48) utilizes
a novel vedotin payload with optimized linker technology.

The C008 study (Peng et al, 2021) further demonstrated the efficacy of RC48
in HER2-overexpressing gastric cancer patients in the second-line or later setting.
Key findings included a median OS of 7.9 months, median PFS of 4.1 months, and
an overall ORR of 24.4%. Notably, patients with HER2 2+ status also derived
benefit from RC48, a finding that challenges the traditional definition of HER2
positivity and potentially expands the eligible patient population by approximately
40%.

Concurrently, investigations into HER2-targeted bispecific antibodies such as
zanidatamab (ZW25) and KN026 (anti-HER2 bispecific antibody), as well as Mar-
getuximab with its optimized Fc segment, are ongoing. The landscape of first-line
treatment for HER2-positive advanced gastric cancer has been further transformed
by the KEYNOTE-811 study (Janjigian et al, 2023). At the 2021 American So-
ciety of Clinical Oncology (ASCO) Annual Meeting, the first interim analysis of
KEYNOTE-811 revealed a remarkable ORR of 74.4% for the pembrolizumab +
trastuzumab + chemotherapy arm, representing a 22.7 percentage point improve-
ment over trastuzumab plus chemotherapy alone. At the 2023 European Society for
Medical Oncology (ESMO) Congress, the KEYNOTE-811 study unveiled its pri-
mary endpoint data for PFS and OS. In the intent-to-treat population, first-line pem-
brolizumab + trastuzumab + chemotherapy demonstrated a statistically significant
improvement in median PFS compared to trastuzumab and chemotherapy alone
(10.0 vs 8.1 months; HR = 0.72; p = 0.0002), translating to a 28% reduction in
the risk of disease progression or death. Notably, in the subgroup of patients with
PD-L1 CPS ≥1 (>80% of the study population), the PFS benefit was even more
pronounced (10.8 vs 7.2 months; HR = 0.70), corresponding to a 30% risk reduc-
tion. While the analysis of the co-primary endpoint of OS is ongoing, preliminary
data suggest a trend towards OS benefit with the triplet regimen in both the overall
and PD-L1 CPS ≥1 populations.

The success ofKEYNOTE-811 not only reshapes the first-line treatment paradi-
gm for HER2-positive advanced gastric cancer but also opens avenues for investi-
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gating the potential of combining targeted therapy, immunotherapy, and chemother-
apy in the perioperative setting. Furthermore, the synergistic potential of immunother-
apy and ADCs presents an exciting frontier for future research, potentially leading
to more effective and personalized treatment strategies for gastric cancer patients.
The rational sequencing and combination of HER2-targeted therapies represents a
critical frontier in treatment optimization. Following progression on trastuzumab-
based therapy, resistance mechanisms often involve HER2 pathway reactivation or
alternate pathway upregulation. This understanding has led to several strategic ap-
proaches: (1) Continued HER2 blockade with alternative agents, as demonstrated
by the efficacy of trastuzumab deruxtecan in trastuzumab-resistant disease; (2) Dual
pathway inhibition, such as combining HER2 blockade with immune checkpoint
inhibition as shown in KEYNOTE-811; and (3) Exploration of novel combina-
tions with agents targeting resistance pathways such as PI3K inhibitors. Ongoing
trials are investigating the optimal sequencing of these approaches and potential
biomarker-driven selection strategies.

Targeting the VEGF/VEGFR Pathway
Apatinib mesylate is a highly selective small molecule tyrosine kinase inhibitor

that targets the Adenosine Triphosphate (ATP) binding site of VEGFR-2. By block-
ing vascular endothelial growth factor (VEGF)-mediated endothelial cell migration,
proliferation, and tumor angiogenesis, apatinib disrupts the tumor’s blood supply
and inhibits its growth. Approved by the NationalMedical Products Administration
(NMPA) on 13 December 2014, apatinib is indicated for the treatment of advanced
gastric cancer patients who have failed at least two lines of chemotherapy, address-
ing a significant unmet need in this patient population.

Ramucirumab, a fully human IgG1 monoclonal antibody, binds to the extra-
cellular domain of VEGFR-2, preventing VEGF ligand binding and receptor acti-
vation. Unlike small molecule inhibitors, ramucirumab provides a complete extra-
cellular blockade of VEGFR-2 signaling. On 18 March 2022, ramucirumab was
approved as a second-line treatment for patients with advanced gastric cancer or
gastroesophageal junction adenocarcinoma, broadening the treatment options avail-
able.

The approval was supported by the results of the phase III, randomized, double-
blind RAINBOW Asia study (Xu et al, 2021), which demonstrated that the combi-
nation of paclitaxel and ramucirumab improved clinical outcomes. Specifically, the
combination therapy achieved a notable improvement in median progression-free
survival (4.14 vs 3.15 months) and median overall survival (8.71 vs 7.92 months).
Moreover, the objective response rate (ORR) was enhanced by 6 percentage points
(26.5% vs 20.5%) with the addition of ramucirumab. These findings underscore
the potential of VEGFR2-targeted therapy in improving outcomes for patients with
advanced gastric or gastroesophageal junction cancer.

The targeting of the VEGF/VEGFR pathway has opened new opportunities
for combination therapies. Evidence suggests that anti-angiogenic therapies like
ramucirumab may synergize with immunotherapy by normalizing tumor vascula-
ture and improving immune cell infiltration. Several ongoing trials are exploring
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the combination of VEGFR inhibitors with immune checkpoint inhibitors. Addi-
tionally, switching between anti-angiogenic agents, such as transitioning from ra-
mucirumab to apatinib, is being investigated to overcome resistance mechanisms.
Combining anti-angiogenic therapy with other targeted treatments, such as HER2-
targeted therapies in HER2-positive cancers, is another promising approach under
investigation. The optimal sequencing and timing of these combination therapies
remain a key area of research.

CLDN18.2 Monoclonal Antibodies
Breakthrough Research on CLDN18.2-Targeted Monoclonal Antibodies:
SPOTLIGHT and GLOW Trials

Claudin 18.2 (CLDN18.2) is a four-transmembrane domain protein essential
for tight junction formation between epithelial cells. Unlike its isoform CLDN18.1,
which is expressed in the lung, CLDN18.2 is predominantly found in differentiated
gastric mucosa cells. During malignant transformation, CLDN18.2 is exposed on
the surface of cancer cells in approximately 30–40% of gastric cancer cases, making
it a promising target for antibody-based therapies.

In 2023, CLDN18.2-targetedmonoclonal antibodies have emerged as a promis-
ing new approach for the first-line treatment of advanced HER2-negative gastric
cancer. The GLOW study, led by Professor Xu Ruihua with Shah as the first au-
thor (Shah et al, 2023) employed CAPOX as the chemotherapy backbone and also
yielded positive outcomes. Both studies demonstrated statistically significant im-
provements in PFS andOS, with theGLOWstudy showing particularly pronounced
benefits in the Asian subgroup. These findings hold significant implications for
guiding treatment decisions, as they highlight the potential of CLDN18.2-targeted
therapies in improving outcomes for advanced gastric cancer patients.

Prospects of CAR-T Therapy CT041 in CLDN18.2-Positive Gastric Cancer
At the 2022 American Society of Clinical Oncology (ASCO) Annual Meet-

ing, CARsgen Therapeutics presented promising results from their CAR-T product
CT041. In a phase Ib trial (Botta et al, 2024) involving 14 patients with CLDN18.2-
positive advanced gastric cancer who had progressed on two prior lines of therapy, 8
patients (57.1%) achieved partial remission at the first tumor assessment following
the initial CT041 infusion. Investigator-assessed outcomes showed an impressive
objective response rate of 57.1% and a disease control rate of 78.6%. The study
reported a median progression-free survival of 5.6 months and a median overall
survival of 10.8 months. Currently, a phase II study (Qi et al, 2024) comparing
CT041 to the investigator’s choice of treatment is ongoing in China. This random-
ized controled trial aims to further validate the efficacy and safety of CT041 in a
larger patient population, potentially paving the way for its regulatory approval and
clinical implementation.

Other Targets
Fibroblast growth factor receptor 2b (FGFR2b)-Targeted Therapy: The FIGHT

trial (Wainberg et al, 2022) evaluated FGFR2b therapy inHER2-negative gastric/gas-
troesophageal junction adenocarcinoma patients. In the bemarituzumab-mFOLFOX6
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(N = 77) and placebo-mFOLFOX6 (N= 78) arms, respectively, 59.7% and 66.7% of
patients were FGFR2b-positive in≥10% of tumor cells. The median PFS (95%CI)
was 9.5 months (7.3–13.7) with bemarituzumab-mFOLFOX6 and 7.4 months (5.7–
8.4) with placebo-mFOLFOX6 (HR, 0.72; 95% CI: 0.49–1.08) (Wainberg et al,
2024). Patients with IHC2+/3+ ≥10% had higher 12-month survival rates (70.2%
vs 49.5%).

Fig. 1. Immunotherapy and major therapeutic targets for gastric cancer. Some elements are
adapted from literature (Guan et al, 2023) (BioMed Central, available under the CC BY 4.0 IGO
(https://creativecommons.org/licenses/by/4.0/)). CAR-T, chimeric antigen receptor T-cell; CTLA-
4, cytotoxic T-lymphocyte-associated protein 4; TCR, T cell receptor; PD-1, programmed cell death
protein 1; EGFR, epidermal growth factor receptor; VEGFR2, vascular endothelial growth factor
receptor 2; HER2, human epidermal growth factor receptor 2; PD-L1, programmed death-ligand
1; CLDN18.2, claudin 18.2; VEGF, vascular endothelial growth factor. Fig. 1 was created using
Adobe Illustrator CC 2023 (Adobe Inc., San Jose, CA, USA).

DKK1 (dickkopf Wingless-Type Mouse Mammary Tumor Virus Integration
Site Family (WNT) signaling pathway inhibitor 1, Dickkopf-1)-Targeted Therapy:
DKK1, an inhibitor of the WNT/β-catenin pathway, is highly expressed in gastric
cancer cells and associated with advanced stages, metastasis, lymph node infiltra-
tion, and vascular invasion.
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Sirexatamab (DKN-01) is a monoclonal antibody targeting DKK1. In the Dis-
TinGuish study, the combination of Tislelizumab + DKN-01 + XELOX as first-line
therapy achieved an ORR of 62%, with a particularly high response rate of 90% in
patients with high DKK1 expression.

Other Therapeutic Targets: Ongoing research is exploring additional targets in
gastric cancer, including Mesenchymal-Epithelial Transition factor (cMET), Tro-
phoblast cell-surface antigen 2 (TROP-2), and Focal Adhesion Kinase (FAK), with
promising therapies under investigation to enhance the clinical management of this
challenging disease.

Collectively, Fig. 1 depicts the therapeutic targets and their corresponding drugs
at the interface between T cells and gastric cancer cells, highlighting key immune
checkpoints (CAR-T, CTLA-4, TCR, PD-1) and tumor-associated targets (VEGF,
epidermal growth factor receptor (EGFR), VEGFR2, HER2, PD-L1), along with
their respective monoclonal antibodies and small molecule inhibitors in gastric can-
cer treatment.

Conclusion
Significant advancements have been achieved in both the research and clin-

ical application of immunotherapy for gastric cancer, offering novel therapeutic
prospects for patients with advanced gastric cancer (AGC), particularly those ineli-
gible for surgical intervention or presenting with metastatic disease. The implemen-
tation of PD-1 and PD-L1 inhibitors in gastric cancer treatment has demonstrated
remarkable efficacy, while diverse cell-based immunotherapeutic approaches have
garnered substantial attention from the scientific community. Moreover, immunother-
apy has shown the potential to not only enhance patient survival rates but also
mitigate treatment-related adverse events. These achievements underline the im-
portance of immunotherapy as a critical component in the management of gastric
cancer, providing promising avenues for improving patient outcomes. As techno-
logical innovations continue to progress and our understanding of tumor immunol-
ogy deepens, immunotherapy for gastric cancer is poised to emerge as a cornerstone
of future treatment paradigms, potentially improving quality of life for patients.

Key Points
• Significant advancements in CAR-T, TCR-T, and NK cell therapies show

promise for gastric cancer treatment.
• Focus on HER2, VEGFR, and claudin 18.2 aims to improve outcomes in

advanced gastric cancer.
• Issues like cytokine release syndrome and immune toxicities present ma-

jor hurdles.
• Combining immunotherapy with targeted therapies could enhance treat-

ment effectiveness.
• Emphasizing refining strategies to overcome resistance and reduce side

effects in gastric cancer treatment.
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