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Abstract

Gastric cancer (GC) is a prevalent malignant tumor and ranks as the second leading cause of death among cancer patients world-
wide. Due to its hidden nature and difficulty in detection, GC has a high incidence and poor prognosis. Traditional treatment
methods such as systemic chemotherapy, radiotherapy, and surgical resection are commonly used, but they often fail to achieve
satisfactory curative effects, resulting in a very low 5-year survival rate for GC patients. Currently, targeted therapy and immu-
notherapy are prominent areas of research both domestically and internationally. These methods hold promise for the treatment
of GC. This article focuses on the signaling pathways associated with the development of GC, as well as the recent advancements
and applications of targeted therapy and immunotherapy. The aim is to provide fresh insights for the clinical treatment of GC.
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Abbreviation

GC, gastric cancer; AGC, advanced gastric cancer; GA, gastric adenocarcinoma; TME, tumor microenvironment; TAM, tumor-
associated macrophages; VEGF, vascular endothelial growth factor; TGF-B, transforming growth factor-f; PD-LI, programmed
cell death ligands I; PD-I, programmed cell death protein |; CircRNAs, circular RNAs; MiRNAs, microRNAs; EGFR,
epidermal growth factor receptor family; GEA, gastroesophageal adenocarcinoma; GEJC, gastroesophageal gastroesophageal
junction cancer; GEJA, gastroesophageal junction adenocarcinoma; EA, esophageal adenocarcinoma; PFS, progression-free
survival; NK, natural killer; ORR, objective response rate; DCR, disease control rate; OS, overall survival; TK, tyrosine
kinases; TKls, tyrosine kinase inhibitors; RTKs, receptor tyrosine kinases; GM-CSF, granulocyte-macrophage colony-
stimulating factor; CTLA-4, cytotoxic T-lymphocyte-associated molecule-4; ICls, immune checkpoint inhibitors; Treg cell,
regulatory T cells; CRR, complete remission rate; TAN, tumor-associated neutrophils; MDSCs, myeloid-derived suppressor
cells; CRS, cytokine release syndrome; Interleukin, IL; IncRNAs, long-stranded non-coding RNAs; MAPK, mitogen-activated
protein kinase; TNF-o, tumour necrosis factor -o
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Introduction

GC is a worldwide malignant disease. Many risk factors for GC
include dietary habits, smoking, drinking, ethnicity, and family
inheritance. GC is the second most common cause of death
worldwide.! Over the past few decades, many studies have
been conducted on GC. GC occurs insidiously, with asymptom-
atic or no specific symptoms in the early stage, and it is difficult
to detect the disease.”> Most GCs are often diagnosed at an
advanced stage, and the mortality rate of patients is very high.’

Patients with advanced gastric cancer (AGC) are usually
treated with traditional therapies such as chemotherapy, radio-
therapy, and surgery, which not only affect the differentiation
of normal cells in the body and lead to a decrease in the body’s
immunity but also bring about serious side effects, such as
gastrointestinal maladaptation, alopecia, and even inhibition
of certain organ function.** Patient survival remains low
after aggressive combination therapy. The antitumor mecha-
nism of classical chemotherapeutic drugs has been explored
more completely, and new areas, including immunotherapy
and targeted therapy, have become new research hotspots
for GC treatment. CAR-T-cell therapy in immunotherapy
has caused a sensation, and the cancer vaccine has also
become an emerging treatment method. Targeted therapy
can specifically select abnormal proteins or genes in the cyto-
membrane or cytoplasm of tumor cells for binding, blocking
the signaling related to tumor cell growth and proliferation,®
and exerting anti-tumor effects, as well as alleviating drug
resistance,’ side effects,8 it has been used in the treatment of
various malignant tumors, like GC, prostate cancer, and
breast cancer. This review will focus on the advances and find-
ings in targeted therapy for GC.

Targets in GC

According to the Gene Expression Profiling Interactive
Analysis (GEPIA) database, when NTSE (which encodes
CD73) is highly expressed, it leads to shorter survival of
patients with GC.?> CD73, also known as a GPI-anchoring
enzyme, catalyzes the conversion of adenosine monophosphate
(AMP) to adenosine and inorganic phosphate, and adenosine
plays an antitumor immune role by inhibiting CD8"* T-cells,
as well as natural killer (NK) cell infiltration and function.
CD73 has enzymatic properties, inhibits the host immune
system, and promotes tumor progression.” Thus, CD73 is a
potential therapeutic target. The tumor microenvironment
(TME) is essential for tumor progression. Tumor-associated
macrophages (TAM) are classified into M1 and M2. vascular
endothelial growth factor (VEGF) is converted to M2 macro-
phages by Th2 cytokines (IL-4, IL-10, TGF-f1) and immune com-
plexes. M2 macrophages overproduce VEGF, indoleamine-2,
3-dioxygenase (IDO), and transforming growth factor-p (TGF-p)
to decrease T-cell activity and increase angiogenesis to promote
GC progression.'” The CSF-1/CSF-1 receptor (CSF-1R, which
belongs to the platelet-derived growth factor receptor family) sig-
naling pathway is critical for macrophage survival and the

transition from TAM Ml-type to TAM M2-type, and several
monoclonal antibodies targeting CSF-1/CSF-1R are under clinical
trials.'"  Alpha-fetoprotein-producing GC (AFPGC) is a rare
subtype with a poorer prognosis and is more aggressive than the
common GC. There is evidence that targeting CCNEI and
ERBB2 (HER-2) has achieved favorable benefits in treating
AFPGC. In addition, targeting the immune checkpoint that inhibits
members of the B7 family has brought new hope for the treatment
of patients with GC.'* The B7 family of molecules comprises of
many members, among which programmed cell death ligands 1
(PD-L1) binds to programmed cell death protein-1 (PD-1), pre-
vents T-cell activation, inhibits tumor immunity, and promotes
tumor cell proliferation. Compared to PD-L1, the expression of
PD-L2 is more restricted and less frequent,'® but its affinity for
PD-1 is 2—6 times higher.'*Combining these two inhibitors inhib-
its TCR-mediated T-cell proliferation and associated cytokine pro-
duction.'> Currently, there are many clinically available antibodies
against PD-L1 and PD-L2, including atezolizumab and tocilizu-
mab. Circular RNAs (CircRNAs) are a class of non-coding
RNAs with a large body of evidence indicating their involvement
in various human diseases, including GC. CircRNAs are aber-
rantly expressed in GC and are involved in cytological processes,
such as proliferation, migration, invasion, and apoptosis of GC
cell.'®!7 CircRNAs can be categorized as oncogenic or antican-
cer circRNAs, including ciRS-7, circHIPK3, circYAP1, and
circLARP4. Thus, circRNAs may be potential therapeutic
targets for GC."” In addition, given that circRNAs can be
stably expressed in tissues, blood, and other bodily fluids, and
are easily detected, they might also serve as biomarkers for the
diagnosis of GC."® Like circRNAs, microRNAs (miRNAs)
belong to a class of non-coding RNAs involved in the mainte-
nance and renewal of cancer stem cells. They are also associated
with tumor angiogenesis and metastasis. Oncogenic miRNAs
cause cell cycle dysregulation and inhibit apoptosis through path-
ways involving GC cell carving, metastasis, and invasion.'*=
Thus, miRNAs may be novel targets for GC treatment.”'

Targeted Therapy in GC

HER-2 Targeted Therapy

HER-2 belongs to the human epidermal growth factor receptor
family (EGFR); the positive rate of HER-2 overexpression
in GC reported globally ranges from 7.3-20.2%,>* and the
amplification of HER-2 when functioning as an oncogene
causes overexpression of proteins on the cellular membrane
of the cells, transforming them into malignant T-cells. Several
studies have reported that HER-2 protein expression is signifi-
cantly higher in patients with AGC than in normal subjects,
which is associated with poor patient prognosis.”>** Clinical
studies on targeted therapies for HER-2" GC have been con-
ducted. Trastuzumab is an anti-HER-2 monoclonal antibody
that specifically targets HER-2 proteins by directly binding to
the receptor’s extracellular domain, blocking HER-2 mediated
signaling and promoting antibody-dependent cytotoxicity, result-
ing in the death of HER-2 expressing cells.’ Trastuzumab
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deruxtecan, a HER-2-targeted antibody conjugate drug, was eval-
uated for efficacy in patients with HER-2 positive AGC in the
DESTINY-GastricO1 trial. Among 187 patients, 125 received
trastuzumab and 62 received chemotherapy (55 with irinotecan
and 7 with paclitaxel). Patients treated with trastuzumab deruxte-
can had a longer overall survival (OS) compared to those on che-
motherapy (median: 12.5 months vs 8.4 months), showing
significant improvements in clinical benefit for HER-2-positive
GC patients.”® Furthermore, the DESTINY-Gastric02 study
screened 79 patients with HER-2-positive unresectable or meta-
static gastric or gastroesophageal junction cancer (GEJC) for tras-
tuzumab treatment. Results indicated that 33 of these patients had
objective responses (42%), with 4 cases achieving complete
remission (5%) and 29 cases showing partial remission (37%).
This study supports the use of trastuzumab deruxtecan as a
second-line treatment for patients with HER-2-positive AGC or
GEJC.% In patients with AGC or GEJC, trastuzumab in combi-
nation with platinum- and fluorouracil-based chemotherapy sig-
nificantly improved OS compared to chemotherapy alone, and
the efficacy of the combination regimen was better in patients
with a high rate of HER-2-positive expression than in patients
with low HER-2 expression.”” Pembrolizumab is a PD-1 anti-
body which exhibits a high affinity for PD-1, pembrolizumab
leads to the inhibition of PD-1 binding to PD-L1 and PD-L2
which enhances the anti-tumor effect of activated T-cells.
When added to the above treatment regimen, pembrolizumab
has shown a significant improvement in progression-free survival
(PFS) for metastatic HER-2-positive GEJC patients, particularly
those with a PD-L1 composite positive score of 1 or higher.?®

As an antibody targeting HER-2, pertuzumab is utilized in
conjunction with trastuzumab and chemotherapy for the treat-
ment of patients with HER-2-positive metastatic GC or GEJC.
The addition of pertuzumab did not show a significant
improvement in patient survival rates compared to the
placebo regimen.?*-*°

With our increasing understanding of the mechanisms of GC,
more drugs are being used in clinical studies. Margetuximab is an
FC-engineered anti-HER-2 monoclonal antibody. By optimizing
the structural domain of Fc, it increases binding to activated Fcy
receptor IITA (CD16A) and decreases binding to inhibitory Fecy
receptor IIB (CD32B), which promotes killing of NK cells, and
macrophages, and enhances the antibody-dependenT-cellular
cytotoxicity (ADCC) to achieve antitumor effects.*’”? In a
single-arm, phase 1b-2 trial,** Catenacci et al evaluated the effi-
cacy of margetuximab + pembrolizumab in patients with
HER-2-positive gastroesophageal adenocarcinoma (GEA) who
had previously received trastuzumab + chemotherapy. The trial
enrolled 95 patients older than 18 years, and the final results
showed an objective response rate (ORR) of 18.48%, a disease
control rate (DCR) of 53%, and a mPFS of 2.73 months; the
mOS was 12.48 months. Margetuximab + Pembrolizumab are
effective drugs for treating HER-2-positive GEAs. The new
drug Zanidatamab is a bispecific antibody that simultaneously
binds to two different HER-2 epitopes.>* A trial enrolled 24
patients with HER-2-positive cancers, including ten patients
with GC, five with colorectal cancer, and 9 with other

malignancies, and achieved a final mPFS of 6.2 months, an
ORR of 41%, and a DCR of 82%. These results were encourag-
ing. An expanded cohort of patients with gastroesophageal
cancer is being included, and a phase II trial is planned.*

Lapatinib is an oral HER-2 antagonist that suppresses HER-2
signaling by inhibiting tyrosine kinase (TK) activity.>® Lapatinib
failed to show favorable efficacy in patients with HER-2-positive
advanced or metastatic GC, esophageal cancer, or GEA treated
with capecitabine and oxaliplatin.>’ The mOS in the lapatinib
and placebo groups was 12.2 months and 10.5 months, respec-
tively, with a statistically non-significant difference, and the
mPFS was 6.0 and 5.4 months, suggesting that the addition of
lapatinib to capecitabine versus oxaliplatin did not achieve the
expected treatment effect. The ongoing clinical trials of targeted
therapy in gastric cancer (Table 1).

Angiogenesis-Targeted Therapy

Nutrients required for tumor growth are supplied by blood
vessels. Therefore, tumor development is often accompanied
by neovascularization. In 1971, Folkman pointed out that in
the absence of neovascularization, the diameter of solid
tumors can stay at 2-3 mm, which is beneficial for patient treat-
ment. The antitumor effect is improved if the tumor does not
metastasize or metastasizes less.’® Both the local infiltration
and distant metastasis of tumors depend on angiogenesis,
which plays an important role in tumorigenesis, development,
and metastasis. Thus, anti-angiogenesis has become a new
approach to cancer treatment.** Many studies have focused
on anti-angiogenic therapeutic strategies, especially on VEGF
and VEGFR, whose expression is higher in GC than in
normal gastric tissues.

Ramucirumab is a fully human IgG 1 monoclonal antibody
VEGFR-2 antagonist. Its efficacy as a monotherapy in the treat-
ment of patients with AGC or gastroesophageal junction adeno-
carcinoma (GEJA) was evaluated in the REGARD study.*’
Ramucirumab treatment significantly improved the OS com-
pared to the placebo group, with a mOS of 5.2 months in
patients in the ramucirumab group compared to a mOS of 3.8
months in patients treated with placebo. The 6-month overall
survival rates in the ramucirumab and placebo groups were
41.8% and 31.6%, respectively. Another RAINBOW trial,*’
which investigated the combination of ramucirumab and pacli-
taxel in the treatment of patients with AGC or GEJA, showed
that the OS was significantly longer in the ramucirumab and
paclitaxel group than in the placebo and paclitaxel group (9.6
months vs7.4 months); the overall survival rate in the combina-
tion group was also higher than that in the placebo group (at
three months:72% vs57%, and at 12 months: 40% vs 30%).
Both studies have demonstrated that ramucirumab has signifi-
cant efficacy in patients with AGC and GEA, both as a single
agent and in combination with chemotherapy. Another novel
anti-angiogenic drug is apatinib, which selectively targets
VEGFR-2 and binds to its intracellular adenosine triphosphate
(ATP) binding site, thereby inhibiting phosphorylation and
downstream signaling pathways (including the RAF/MEK/



Technology in Cancer Research & Treatment

syjuowr unerdsio-surpruAdorony
8°Z1 paradxa ayy 03 oroxdwir jou pIp SO + qewnzioeAag 100UED OLNSES PAOUBAPY ¢ oseyq qewnzIoeAdq MADFA
sypuowre”L-SO
sqpuow() §:SAJW ‘%€ L7 TdO unedsio pue [oxe}e00p BUIOUIOIEOOUPE
(sosuodsar renred 0,6/ ¢ pue sosuodsar snjd qewmwmrued aut]-)sir unedsio uonoun/ [gadeydosoonsed pue osed pooueApy 7 aseyd
93o[dwod %G°7)  %0°0r IO snid [-g snjd qewxnjoed auiy I1SI 190uBd J1sed paoueApe Yum syuaned asoueder 7 aseyd qewnwniued
rwIOUIOIBOOUIPE OIIsed Jo [eoJeydose
o1BISE)OIN Bwouroredouspe uonounf jeodeydosoonsed g aseyq
KJIATIOR [eOIUI[O MO SYIUOW 4/ SNSIA Kderaypouoy 10 O11SES PISUBAPY BUWOUIOIBOOUIDE ¢ aseyqd qewrxnio)) AADA
9°6 :SOW SYIUOW g ¢SNSIOA 7'G:SOW  [oxey[ded + qewmnuonwey Aderoyjouojy uonoun( [eadeydosoonses 10 oLISeS PAOURAPY ¢ aseyq qewnonwey 7 4IDAA
JNSY udwi3aa dpnadeady |, sjudned aseyq sgnaq SEXACA |
SYIUOW G SNSIOA ()'9:SIJW unedijexp ewourdIeoouspe [eaeydosoonses 1o ‘[eaSeydoso
SYIUOWG ()| SNSIOA T "Z[:SOW + surqenoade) + quunede| “oInsed one)seIdw 10 pasueApe aAnIsod-z YIH ¢ oseyq qruiede
(Adesaypowoyo
SyjuowW 84" Z1:SOW qewnZIoIquId g pUe qeUNZNISEI] YIIM PajeaI) uddq pey A9YT)
sypuow €/°7:SAdW %8y 8 1:4JO + qewIXn}ogIBN rwiouroreoouape [eadeydossonsed aanisod-z YIH z-q1 oseyd qewrxmagIe
(sosuodsai [enued o/ ¢ pue Adesoypouowr 190ued uonoun( [eageydosoonses 10 oses pasueape (zoomsen- ANILSAA) UBOQJXNIOP
sasuodsar 9391dwos 94,6) %7y MU0 UBOQJXNIOp qeWnZnjsen) oamsod 7 YdH yia syuaned odomyg pue yv§N 7 oseyd qewnznjser],
[oxejoed
PUB UBJJOULII SNSIOA (1091msen- ANILSAA) UBOIXNI
SYIUOW '8 SNSIOA G Z1:SOW UBOQIXILIOP qeWNZnjser) I00ued o1sed paoueape aanisod 7 YIH 7 aseyd 9p qewnzmjsel], 7-d4dH
JNSY udwiIga.a spnaderdy |, sjuaned aseyq sgna(q s)a8ae],

‘JInsay onnaderoy ], pue sjeSie] °I dqeL



Wu et al

a.Physiclogical activation

33
|

proliferation, Motility, Differentiation,
metabolism,survival

Apotosis and cell death

S
4 Ligands

. Phosphorylation

Extracellular domain

N
N
Tyrosine kinase k4

Fuction mutation
domain

Transmembrane domain 53

Figure 1. Under physiological conditions, RTKs are activated upon binding to their ligands and undergo C-terminal phosphorylation. When
functional mutations occur in RTK, RTK is overexpressed, the RTK gene is amplified, and the amount of RTK increases. TKIs target RTKs to
prevent phosphorylation of the TK domain, interfere with cell proliferation, movement, differentiation, metabolism, survival and other processes,

and induce cell death.

ERK signaling pathway) and suppressing tumor microvessel
formation.® In addition, apatinib inhibits tumor growth by stim-
ulating endoplasmic reticulum stress and protective autoph-
agy.*? It inhibits tumor growth and has been approved by the
Chinese Food and Drug Administration (FDA) for the treatment
of patients with GC.*

Tyrosine Kinase Inhibitors (TKIs)

To date, 90 TKs have been identified, of which 58 are of
the receptor type.**TK are a group of enzymes that transfer
phosphate from ATP to tyrosine residues (serine/threonine)
as the target amino acids. ATP is involved in cell proliferation,
cell cycle, motility, differentiation, metabolism, survival, and
programmed cell death by activating intracellular signaling
pathways.*> TKs are prototypes of oncogenes involved in
the development of a wide range of human malignancies.*®
Receptor tyrosine kinases (RTKs) include the EGFR, VEGFR,
and fibroblast growth factor receptor (FGFR).*’ Certain RTKs
are necessary for maintaining normal cellular function;

however, when dysregulated, they cause tumor angiogenesis,
thus promoting tumor growth. Numerous small-molecule inhib-
itors have been developed to treat cancers caused by RTK muta-
tions, as well as other diseases. In this review, we highlight the
TKI associated with treating GC (Figure 1).

The HER family includes RTK encoded by the erbB onco-
gene, including EGFR (also known as HERI1), HER-2,
HER-3, and HER-4. After activation, EGFR participates in bio-
logical processes, such as cell proliferation, differentiation,
migration, and apoptosis. EGFR signaling pathways are acti-
vated in many cancers.*®** EGFR amplification has been
detected in approximately 30%—70% of GC cases and is asso-
ciated with poor prognosis in patients with GC*°>? . These
results indicated the feasibility of targeting EGFR in the treat-
ment of GC. Cetuximab, a chimeric (mouse/human) IgG 1
monoclonal antibody against EGFR, has been successfully
used in the treatment of metastatic colorectal, head, and neck
cancers. In a clinical trial, 35 patients with previously treated
metastatic esophageal or gastric adenocarcinoma (GA) received
cetuximab intravenously, and only one patient (3%) had a



Technology in Cancer Research & Treatment

partial response. This patient had a primary GEJ tumor and
received third-line therapy, demonstrating that cetuximab
monotherapy has minimal clinical activity in patients with met-
astatic esophageal and GA.>* To further assess the anticancer
effectiveness of cetuximab, we conducted a review on the out-
comes of First-line treatment with cetuximab, S-1, and cisplatin
in 40 Japanese patients diagnosed with AGC, including GEJA.
Out of the 40 patients, one case achieved a complete response
(2.5%) while 15 cases showed a partial response (37.5%),
resulting in an ORR of 40.0%. The patients generally tolerated
the combination treatment of cetuximab with S-1 and cisplatin
well, but, this study did not demonstrate any additional clinical
benefits.>* Unfortunately, cetuximab combined with docetaxel
and oxaliplatin in the treatment of patients with metastatic
GA and GEJA also failed to improve the OS and PFS of patients
and did not produce the expected clinical benefit.”> Cetuximab
combined with chemotherapy failed to provide additional
benefit to patients, possibly because cetuximab cannot interact
with chemotherapy drugs.

Panitumumab is a human immunoglobulin G2 monoclonal
antibody directed against the EGFR,>® commonly used to
treat metastatic colon cancer . A phase II trial assessed the com-
bination of panitumumab with docetaxel and cisplatin in
patients with AGC and GEJA. The study revealed an ORR of
27.3% in a cohort of 44 patients, with mPFS and OS of 5.0
and 7.2 months, respectively. The addition of panitumumab
to standard chemotherapy as a first-line treatment for these
patients did not yield improved outcomes.”’

Neovascularization is essential for tumor progression; it not
only brings oxygen and nutrients to the tumor, but also serves as
an important pathway for the tumor to excrete metabolites.
Tumors can also obtain growth factors, such as insulin-like
growth factor, platelet-derived growth factor (PDGF), and
granulocyte-macrophage colony-stimulating factor (GM-CSF),
through endovascular cells, playing a supportive role in
tumors,*® among which VEGF is an important key regulator of
angiogenesis. It contains six members, the most widely distribu-
ted of which is VEGF-A.>®

The AVAGAST trial®” included 774 patients with AGC who
were administered bevacizumab + fluoropyrimidine-cisplatin or
placebo + fluoropyrimidine-cisplatin. The main objective was
to improve the mOS of patients after combined chemotherapy,
from 10.0 months estimated with chemotherapy alone to 12.8
months, and reduce the risk of death by 22%. The most
common grade 3-5 adverse events in the trial were neutropenia
(experimental group,35%,; control group,37%), anemia (10% vs
14%), and decreased appetite (8% vs 11%). Although the trial
ultimately failed to meet its principal goal, adding bevacizumab
to first-line treatment for AGC significantly improved patients’
PFS and overall efficiency (PFS:6.7 vs5.3 months). In this trial,
regional differences in anti-angiogenic efficacy were observed,
with a significant benefit from adding bevacizumab in North
American and Latin American patients, but little benefit in
Asian patients. This phenomenon may be attributed to the man-
agement of Asian patients and their higher risk of developing
unpredictable diseases.

Sunitinib, a small-molecule RTK inhibitor that targets
VEGFR, is highly effective in advanced renal cell carcinoma
(RCC) and imatinib-resistant gastrointestinal mesenchymal
stromal tumors (GIST).®® A phase I study demonstrated the fea-
sibility and safety of sunitinib in combination with capecitabine
and oxaliplatin chemotherapeutic agents in Korean patients
with AGC.®' Another phase I study®” evaluated the safety of
sunitinib in combination with S-1 and cisplatin for the treatment
of advanced or metastatic GC in Japan. Compared with the pre-
vious average PFS of 6 months for AGC treated with sunitinib
alone/S-1 + cisplatin, the PFS of 27 patients in this study was
12.5 months, suggesting that sunitinib in combination with che-
motherapy has a promising antitumor activity. The most common
grades 3 and 4 adverse reactions in the 27 patients were neutro-
penia and leukopenia, respectively. In 2011, sunitinib was
approved as second-line monotherapy for patients with AGC
who had previously received chemotherapy. Trastuzumab,
which we previously described as a monoclonal antibody tar-
geting HER-2, and, ramucirumab and apatinib, a monoclonal
antibody and TKI targeting VEGFR-2, also have significant
therapeutic effects in patients with GC.

Immune Checkpoint

Immune checkpoints are vital for the stabilization of the immune
microenvironment and avoidance of autoimmunity. Currently,
the most comprehensively studied immune checkpoints are cyto-
toxic T-lymphocyte-associated molecule-4 (CTLA-4), PD-1, and
PD-L1,% which exert inhibitory effects on immune cells in the
tumor immune microenvironment through various pathways,
thereby promoting immune evasion and facilitating tumor
growth.®* Immune checkpoint inhibitors (ICIs) that restore anti-
tumor immunity by blocking co-inhibitory signaling pathways,
have gradually replaced radiotherapy and chemotherapy as first-
line treatments for many tumors (Figure 2).

CTLA-4 is expressed on activated T-cells and regulatory T
(Treg) cells, where it competes with CD28 for the binding
ligand CD80/CD86, blocking afferent secondary co-stimulatory
signals and impeding the activation of T-cells.®” In 1996, the
reduction in vivo tumor load in mice injected with an
anti-CTLA-4 antibody after implantation of colon carcinoma
or fibrosarcoma cells was the first study to demonstrate the
antitumor effect produced by the inhibition of CTLA-4.%
Ipilimumab was the first anti-CTLA-4 monoclonal antibody
approved by the FDA for use in patients with advanced mela-
noma.®” In one study, the ORR of patients with AGC treated
with ipilimumab monotherapy was 14%.°® Nivolumab is an
anti-PD-1 monoclonal antibody with a precise complementary
mechanism of action to that of ipilimumab. However, in a ran-
domized global phase III trial (CheckMate-649), nivolumab in
combination with ipilimumab failed to achieve the expected
therapeutic effect of improving patients’ 0S.%°

Tremelimumab, a human IgG 2 mAb inhibitor targeting
CTLA-4, was used in a randomized, multicenter, phase II clinical
study on the efficacy of tremelimumab alone or in combination
with durvalumab, an anti-PD-L1 monoclonal antibody, in
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Figure 2. Mechanism of ICIs.

metastatic/recurrent GC or GEJCs, with unsatisfactory results.
Patients with a mPFS of 1.7 months and a mOS of 7.7 months
after tremelimumab monotherapy failed to show exciting activity.
The ORR to combination therapy was also low.”

PD-1 is a co-inhibitory molecule that is often expressed on
activated T-cells. When combined with the ligand PD-L1,
which is expressed on antigen-presenting and tumor cells, it
causes T-cell depletion, apoptosis, and other endpoints, promot-
ing immune evasion of tumors.”" ICIs activate antitumor activ-
ity by blocking PD-1 and PD-L1 interactions.®®*The expression
of PD tumor cells and immune cells can be detected by immu-
nohistochemistry. PD-L1 is a biomarker that verifies the level of
benefit in patients with various tumors treated with ICIs.”?
Existing studies have shown that ICI monotherapy is not clini-
cally effective; combination of multiple approaches is usually
used, including chemotherapy, targeted therapy, and radiation
therapy.®® A randomized, open-label, phase 3 clinical trial”®
showed that the combination of chemotherapy with nivolumab
for AGC, GEJ/ esophageal adenocarcinoma (EA) resulted in
a median follow-up OS of 6.7 months in the combination group
of patients, compared with a median follow-up OS of 5.8 months
for chemotherapy alone. Nivolumab, in combination with che-
motherapy, significantly improved OS and PFS. Nivolumab, in
combination with chemotherapy, is now approved in the
United States as a new standard first-line treatment for patients
with previously untreated AGC, GEJC, and EA.

Pembrolizumab is a humanized monoclonal IgG4-k isotype
antibody that binds to PD-1 and blocks the PD-L1/ PD-L2 interac-
tion.”* When pembrolizumab monotherapy was used to treat AGC
and GEJCs,” the ORR was 11.6% in 259 patients, the complete
remission rate (CRR) was 2.3%, and the median duration of remis-
sion was 8.4 months. Another 95 patients (42.4%) exhibited a

reduction in tumor volume. ORR was higher in PD-L1-positive
than in PD-Ll-negative patients (15.5% vs 6.4%). On
September 22, 2017, the FDA approved pembrolizumab for the
treatment of recurrent locally advanced or metastatic adenocarci-
noma of the stomach or GEJ expressing PD-L1.7°

However, despite the success of anti-CTLA-4 and anti-PD-
1/PD-L-1 therapies in different types of tumor trials, only a
small percentage of patients benefit from them (Table 2). In
some of these, severe immune-related adverse events (irAEs)
and local and systemic autoimmune responses, ' such as
rashes, colitis, pneumonitis, and adrenal or thyroid insufficiency,
have been observed.®® The challenge in the field of ICI antitumor
therapy is to expand the beneficiary population by increasing the
benefits without introducing new toxic effects. Fortunately, in
addition to CTLA-4, PD-1/PD-L1, others such as LAG-3
(CD223), B7-H3, and BTLA (CD272) may be potential thera-
peutic targets,> and other immune-related targets such as
CAR-T, TCR-T, lysosomal viruses, and neoantigen vaccines
also have good therapeutic prospects. T-cells play an important
role in cellular immunity. Immunotherapies targeting T-cells,
including CAR-T and TCR-T immunotherapies, have achieved
unprecedented efficacy in many malignant tumors.”®

CAR-T-cell therapy has demonstrated remarkable efficacy in
patients with B-cell malignancies and multiple myeloma, yet its
effectiveness in solid tumors remains suboptimal due to two
primary reasons. Firstly, the TME enriched with Treg cell,
TAMs, tumor-associated neutrophils (TAN), myeloid-derived
suppressor cells (MDSCs),”® among others, contributes to the
establishment of an immunosuppressive TME, thus impeding
the efficacy of CAR-T-cell therapy. Secondly, the scarcity of
tumor-specific targets presents a challenge. Only a small frac-
tion of solid tumors exhibits tumor-specific antigens suitable



Table 2. ICIs-Related Targets and Treatment Options

Result

Therapeutic regimen

Patients

Phase

Drugs

Item Targets

ORR: 14%

Monotherapy
Monotherapy
Nivolumab +

Advanced gastric cancer progressed on chemotherapy.

phase 1/2

Ipilimumab

CTLA-4
PD-1

ICIs

mPFS:1.7 months
mOS:7.7months

phase 1b/2  Metastatic/recurrent gastric cancer or gastroesophageal

phase 3

Tremelimumab
Nivolumab

junction cancer
Advanced gastric, gastroesophageal junction, and esophageal

PD-L1

Significantly improved OS

ORR:11.6%

chemotherapy
Monotherapy

phase2

Pembrolizumab

Durvalumab

adenocarcinoma
Advanced gastric cancer and gastroesophageal junction cancer Durvalumab +

phase 1b/2

CRR: 2.3%

median duration of remission: 8.4

Tremelimumab

Metastatic/recurrent gastric cancer or gastroesophageal

months
Low response rate

junction cancer

for CAR-T targets. The ideal CAR-T therapeutic target would
be a membrane protein or glycolipid exclusively expressed on
cancer cells’ surface without any expression on normal tissues.
However, such a target is theoretically non-existent. Even in the
case of successful CD19-CAR-T-cell therapy for B-cell malignan-
cies, treated patients may develop B lymphopenia as normal
B-cells also express CD19 on their surface.** Moreover, CAR-T
treatment can lead to severe adverse events, such as cytokine
release syndrome (CRS) and immune effector cell-associated neu-
rotoxicity (ICANS), primarily associated with IL-1 (Interleukin)
and IL-6, impacting the therapeutic benefit for patients.®!

To overcome the immunosuppressive microenvironment,
CAR-T-cells can be engineered as “armored” CAR-T-cells
capable of secreting immunostimulatory cytokines like IL-12,
IL-18, or IL-15. This helps reduce immunosuppression within
the TME, enhancing the persistence and anti-tumor activity of
CAR-T-cells.3>%3 Furthermore, these modified CAR-T-cells
can recruit endogenous immune cells, such as T memory cells
and central memory T-cells, which are better suited for prolifer-
ation and long-term presence in the body. Treg, MDSCs and M2
macrophages with CAR-T-cells, or combining CAR-T-cells with
chemotherapy, are also strategies that can enhance the persistence
of CAR-T-cells.**

One strategy to enhance the specificity of CAR-T-cell
therapy involves engineering T-cells to express dual CARs.
These dual CARs possess distinct signaling functions and extra-
cellular antigen recognition regions, allowing them to target
two different antigens present on the same cancer cell. This
approach not only enhances the precision of tumor targeting
but also minimizes off-target effects on normal tissue cells.®
NK cells, a subset of innate lymphoid cells, possess the
ability to spontaneously target and kill cells without the need
for antigen sensitization, costimulatory signals, gene rearrange-
ments, or Human leukocyte antigen (HLA) peptide complexes.
Activated NK cells eliminate target T-cells through mecha-
nisms such as releasing perforin and granzyme, inducing apo-
ptosis by promoting FasL expression, and releasing tumour
necrosis factor -o (TNF-).%*%” CAR NK cell therapy exhibits
superior tumor-specific targeting and cytotoxicity compared to
CAR-T-cell therapy. CAR NK cells have a reduced secretion of
inflammatory cytokines like IFN-y and GM-CSF, while avoid-
ing the secretion of pro-inflammatory cytokines like IL-1 and
IL-6, thereby mitigating CRS risk.®® Furthermore, NK cells
can recognize cancer cells via various receptors such as
natural cytotoxicity receptors, costimulatory receptors NKp46,
NKp44, and NKp30, and NKG2D. Clinical samples of NK
cells are readily available, making them an accessible resource
for therapeutic applications. Considering these advantages,
CAR NK therapy holds promise as an alternative approach to
CAR-T-cell therapy.®*

In the treatment of solid tumors, TCR-T has demonstrated
several advantages over CAR-T therapy. TCR-T-cells can rec-
ognize epitopes from both intracellular and cell membrane
surface proteins, presented by the major histocompatibility
complex (MHC), whereas CAR-T-cells are limited to epitopes
on the cell surface. TCR-T has a broader epitope range
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compared to CAR-T.®® Additionally, tumor antigens in cancer
cells are predominantly intracellular, requiring lower epitope
density for TCR-T-cell activation, enhancing tumor detection
and killing capabilities.”® Furthermore, the highest specificity
antigens found in cancer cells can only bind to TCRs, not
CARs.”' CAR-T therapy can lead to supraphysiological
T-cell activation, resulting in increased cytokine release and
stronger CRS.

Claudins-Related Targets

Claudins are a new family of tight junction proteins involved in
the interactions between epithelial and endothelial cells, con-
necting the most apical portions of adjacent basolateral cell
membranes.’’They prevent the movement of membrane pro-
teins from the apical to basolateral end of the cell membrane,
and maintain cell polarity.”> Numerous studies have suggested
that claudin promotes tumorigenesis through various signaling
pathways and enzymes, and it is involved in tumor progression
processes such as inflammation, survival, proliferation, and
metastasis.”® Targeting claudins for cancer treatment is a prom-
ising future strategy.

The most widely studied claudin family is claudin 18. Many
studies have demonstrated that downregulation of claudin 18
expression is associated with increased invasiveness in early
GC.** Compared to patients with GC having claudin 18 expres-
sion, patients lacking claudin 18 expression had shorter OS
(5-year survival, 64.8% vs 90.5%); and poorer prognosis than
patients with deletion of claudin7 expression.”>® claudin
18.2, a splice variant of claudin 18, differentiates in the
gastric mucosa. It is highly expressed in epithelial cells but is
lacking in gastric stem cells. Claudin 18.2 is, however,
present in malignant transformation and has an exposed extra-
cellular loop; its targeting facilitates binding to monoclonal
antibodies and reduces the chance of off-targeting.””*® In the
dose-escalation and safety trial by Qi et al, 31 of 37 patients
(all with GEJC, pancreatic ductal adenocarcinoma, or other pre-
viously treated unexplained gastrointestinal malignancies)
showed some tumor shrinkage. In all the patients, the ORR
was 48.6% and the DCR was 73%.°° This suggests that
claudin 18.2 is a highly desirable therapeutic target for GC.
In addition, claudin 18.2 is expressed in primary and metastatic
GCs as well as pancreatic and ovarian cancers'®

Zolbetuximab is a chimeric human-mouse monoclonal anti-
body targeting claudin 18.2, which acts through complement
activation and antibody-dependent cytotoxicity.'”" In the
MONO study,'* it was evaluated for its efficacy as monother-
apy in patients with recurrent or refractory advanced GA as well
as adenocarcinoma of the lower esophagus, all of whom
showed high claudin 18.2 expression, and out of 43 patients
with available antitumor data, four achieved partial remission,
ORR 9% and six achieved stable disease (ORR 14%), with a
clinical benefit rate of 23%. Common adverse reactions include
nausea, vomiting, and fatigue. It has also been demonstrated
that zolbetuximab enhances the efficacy of epirubicin + oxalipla-
tin + capecitabine chemotherapy in treating claudinl8.2-positive

GC and GEJCs. In this phase II study,'® combining zolbetuxi-
mab with chemotherapy significantly improved the PFS and
OS of patients (median 11.2 vs 9.9 months). These studies dem-
onstrate the feasibility of claudin 18.2 as a target for treating GC
with zolbetuximab.

CAR-T-cell immunotherapy is a new cancer treatment
modality that has yielded encouraging results in hematologic
malignancies and has caused a sensation.'® CT041 is a
CAR-T-cell expressing CLDN18.2 targeting. In a phase I
trial, CT041 was used to treat patients with GC, and it was
found that CT041 was not only well tolerated in patients with
CLDN18.2-positive'® cancers, but also that CAR-T-cells
expanded more in ascites than in peripheral blood when treating
patients with GC with multiple peritoneal metastases.
Moreover, CT041 treatment in patients with GC was not inhib-
ited by the expression status of PD-L1 in tumor cells or affected
by anti-PD-1/PD-L1 inhibitors. CAR-T-cell therapy may be a
breakthrough treatment for GC or other gastrointestinal
cancers. Other members of the claudin family, such as
claudin 4 and 7, are potential targets for the treatment of
GC. The former is considered a marker for the development
of GA precursor lesions,'%® and its overexpression not only
inhibits the invasion and migration of GC cells but also
enhances the function of the tight junction barrier.'®” The
latter is highly expressed in GC, and one study showed that
patients with claudin 7 expression had shorter OS than
those without claudin 7 expression (5-year survival, 63.4%
vs 79.0%).%

Epigenetically Related Targets

Epigenetic regulation is indispensable for normal cell growth
and development. If dysregulated, it drives aberrant transcrip-
tional programs associated with tumorigenesis. Epigenetic
modifications, including non-coding RNAs, miRNAs, DNA
methylation, and histone modifications, are widespread in
GC. DNA methylation and histone modifications are two of
the most common and important epigenetic alterations.'*®
DNA methylation is a common method of DNA modification
in eukaryotic cells in vivo. Aberrant DNA hypomethylation
leads to chromosomal instability, activation of oncogenes,
and repression of transposons.'®”'"" This is the original
driver of gastric carcinogenesis.''? In addition, aberrant DNA
methylation has been associated with chemotherapy resistance
in patients with GC."'® Therefore, DNA methylation is a prom-
ising therapeutic target for GC, and the homoterpene
(3E)-4,8-dimethyl-13,7-nonatriene (DMNT) inhibitors have
been developed to alter the DNA methylation status. Histone
modifications include acetylation, methylation, phosphoryla-
tion, ubiquitination, and sumoylation.''* Histone methylation
is involved in the silencing of relevant tumor suppressor gen-
es,'>which are implicated in and play important role in many
processes related to carcinogenesis, such as DNA repair, metab-
olism, cell adhesion, cell cycle control and apoptosis, and
angiogenesis.''® Changes in the methylation levels of certain
histones are correlated with increased cancer recurrence and
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decreased survival. Fortunately, gene silencing is reversible and
normal expression of tumor suppressor genes can be restored by
targeting histone modifications.

Long-stranded non-coding RNAs (IncRNAs) are a class of
non-coding RNAs that are more than 200 nucleotides in
length and do not encode proteins but are involved in regulating
a variety of genes and various physiological processes.''’
IncRNAs use polymerase II to induce changes in genes on dif-
ferent chromosomes in the trans and cis modes of regulation to
cause chromosomal remodeling of genes on the same chromo-
some.''® In addition to affecting oncogenes, IncRNAs play
important roles in gastric carcinogenesis, cell proliferation, apo-
ptosis, migration, invasion, metastasis, and angiogenesis.''’
Recently, an increasing number of studies have identified aber-
rant expression of IncRNAs in GC.'*° For example, IncRNA
H19 promotes GC cell proliferation, migration, and invasion
by activating the NF-kxB signaling pathway and inhibits apopto-
sis in GC cells.'?! Particularly in HP-infected GC, the expres-
sion of H19 is significantly higher than that in HP-negative
patients and normal subjects.’** IncRNA AC093818.1 is also
highly expressed in metastatic GC, promotes the expression
of PDK-1 (involved in the invasion of GC cells in vivo and
ex vivo, and in liver and lung metastasis), and closely corre-
lates with gastric carcinogenesis.'>> Another IncRNA,
SNHG17, facilitates cell proliferation and metastasis, and
inhibits GO0/G1 blockade and apoptosis. Moreover, it
targets EZH2 and SUZI12 to inhibit the p15 and p57 path-
ways, all of which are involved in GC genesis and develop-
ment.'?* In addition to the aforementioned IncRNAs, many
IncRNAs related to GC are highly expressed in GC. They
induce tumorigenesis and shorten survival in various ways,
making them predictive biomarkers for patients with GC
and promising targets for GC therapy.'>> MiRNAs are a
class of endogenous nucleotides that range in length from
17 to 25 and are non-coding regulatory RNAs involved
in many biological processes, such as cell proliferation,
development, and invasion. Various miRNAs (miRNA-674,
miRNA-181b, and miRNA-148a) are overexpressed in GC,
and promote cell proliferation and migration and inhibit apo-
ptosis,'” miRNAs can be divided into two main categories
according to their functions: oncogenic miRNAs, whose
oncogenic functions can be blocked by miRNA inhibitors,
and tumor-suppressor miRNAs, which use recombinant
miRNA precursors to promote their functions.'*® Inhibiting
the expression of the former and restoring the expression of
the later are prospective therapeutic options for GC that
can provide new choices for patients. CircRNAs have also
been reported to play an important role in GC progression
and may be potential therapeutic targets.'® Epigenetic regu-
lation is essential for the maintenance of normal functional
activities in an organism, and when uncontrolled, it drives
tumor formation. Along with the emergence of numerous
epigenetic targets, there is new hope for our patients.

Other Signaling Pathway-Related Targets

Recently, an increasing number of studies have focused on sig-
naling pathway-related targets. The pI3 K/AKT/mTOR signal-
ing pathway plays an important role in the occurrence and
development of GC. This molecular pathway consists of two
crucial components: phosphatidylinositol 3-kinase (PI3 K)
and protein kinase B (PKB/AKT). The activation of PI3 K is
dependent on the binding of various growth factors, hormones,
and cytokines to RTK or G- protein-coupled receptors (GPCR).
Once PI3 K is activated, it triggers the activation of AKT and
other protein kinases, including downstream activation of the
mechanistic target of rapamycin (mTOR).'?” After activation
of the PI3 K/AKT/mTOR signaling pathway, it promotes
tumor cell survival, proliferation, adhesion and migration by
inhibiting apoptosis-related genes and activating anti-apoptotic
proteins.'*® The PI3 K/AKT/mTOR signaling pathway is also
associated with resistance to lapatinib treatment in patients
with HER-2-amplified GC.'*® Autophagy is a self-protection
mechanism of cells, which means the T-cells promote the pro-
duction of a variety of metabolic products by degrading their
own macromolecules or organelles to provide energy for sur-
vival.'*° However, in GC, mTOR, an important component in
the PI3 K/AKT/mTOR signaling pathway, is upregulated and
inhibits protective autophagy.'*'

The Notch signaling pathway is crucial for cell proliferation,
differentiation, and apoptosis, playing a significant role in the
self-renewal of stem cells and regulating cell fate in both
embryonic and adult stages.'** Dysregulation of this pathway
is closely linked to cancer stem cell maintenance, tumor cell
metabolism, angiogenesis, and tumor immunity.'** Notably,
activation of both Notch and mTOR pathways is frequently
observed in human GA tissues. Experimental evidence suggests
that activation of the Notch pathway enhances the activity of
mouse LGR5" gastric antral stem cells, leading to the formation
of highly proliferative, undifferentiated gastric antral polyps.
These polyps also exhibit activation of the mTOR signaling
pathway, indicating a cooperative relationship between the
Notch and mTOR pathways in driving excessive proliferation
of gastric epithelial cells.'**

The mitogen-activated protein kinase (MAPK) signaling
pathway is a crucial component of the eukaryotic signal trans-
mission network, playing key roles in cell proliferation, differ-
entiation, apoptosis, and stress response. Comprising four
distinct pathways, the most well-known is the RAS/RAF/
MEK/ERK signaling pathway. Upon activation of RAS it inter-
acts with various downstream proteins, such as RAF. RAS-GTP
recruits RAF protein to the plasma membrane, activating its
kinase function. The activated RAF kinase then binds to
MEK, leading to ERK activation.'?”'*> The RAF protein
family includes BRAF, ARAF, and CRAF, with the BRAF
gene mutation rate in cancer being 7%-10%.'*® Mutations in
BRAF and RAS genes can aberrantly activate the MAPK sig-
naling pathway and enhance PI3 K/AKT/mTOR pathway activ-
ity.'3” These pathways synergistically contribute to GC
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development by promoting tumor cell growth, survival, prolif-
eration, angiogenesis, and metastasis.

The occurrence of GC is closely related to gene mutations.
The most common mutated genes are ARIDIA, CDHI,
ERBB3, KRAS, PIK3CA and TP53."*® A study found that
PIK 3CA mutations affected the overall prognosis of patients
with GC, patients with PIK 3CA amplification had significantly
shorter survival time (516.0 months vs758.4 months on
average) than those without PIK 3CA amplification.'*” It was
closely related to tumor cells with abnormal proliferation and
apoptosis.

The role of the TP53 signaling pathway in GC makes it a
potential for targeted therapy. TP53 mainly regulates DNA
repair and modulates the cell cycle, apoptosis, and differentia-
tion.'* It has been claimed that more than 75% of patients
with GC have high levels of TP53 expression, and the mutation
rate of the TP53 gene in all patients with GC can reach
30%.'4"142 DDIT4 is a DNA damage-induced transcript that
exhibits higher expression in GC tissues compared to normal
tissues. It facilitates GC cell proliferation and tumorigenesis
by activating the TP53 and MAPK signaling pathways.

Adenosine is an energy metabolite that participates in a
variety of processes such as inflammation, hypoxia, and the
TME, and plays an important role in regulating tumor cell
growth and apoptosis (Figure 3). In the TME, adenosine is con-
verted to inosine through a series of pathways, and inosine
inhibits the activation and function of CD8" T-cells and NK
cells, weakening the immune response and creating an immuno-
suppressive environment that promotes tumorigenesis.’ In addi-
tion, the activation of adenosine receptors (Al, A2, A3) is
associated with an increase in the release of anti-inflammatory
cytokines and a decrease in the release of anti-inflammatory
mediators. When there is damage to the tissues, such as
occurs in inflammation and ischemia, the concentration of aden-
osine increases sharply with binding to receptors to inhibit the
activation (such as Cytotoxic T lymphocytes and NK cells)

and functions of the immune cells'®'**; thus, suppressing the

immune response. Adenosine receptor activation also induces
tumor cell proliferation, leading to tumor growth and survival.?
Given the special role of adenosine in tumor immunity, the
adenosine pathway has been studied and researched.
However, the targeted therapy of GC for the adenosine
pathway is in its early stages and has not yet been popularized.
It is usually believed that combination immunotherapy is the
best way to treat patients with cancer, and several studies com-
bining adenosine signaling pathway-targeted therapy with other
therapies, such as immunotherapy, the MAPK signaling
pathway, and immune checkpoint blockade, can improve clin-
ical therapeutic benefits.

In hypoxic TME, adenosine is gradually generated from
ATP under the action of CD39 and CD73. After binding to
its receptors (AIR, A2AR, A2BR, and A3R), it inhibits the
antigen presentation ability of dendritic cells (DCs), promotes
the transformation of macrophages from M1 to M2, inhibits
the maturation of NK cells, and weakens the activity of NK
cells. Prevent the production of IL-2 by CD4* T-cells and the
proliferation and differentiation of CD8" T-cells. In addition,
adenosine promotes the differentiation of Treg cells, partici-
pates in the proliferation and migration of tumor cells, and pro-
motes the immunosuppressive function of MDSCs

Novel Biomarkers for GC

GC is a prevalent malignant tumor globally, frequently diag-
nosed in late stages. Certain patients do not exhibit favorable
responses to targeted therapy and immunotherapy. Hence, the
identification of suitable biomarkers is crucial for assessing
the effectiveness and prognosis of diverse treatments for GC.
PD-L1 is typically found on antigen-presenting cells and
tumor cells, while PD-1 is expressed on activated T-cells.
Their interaction leads to T-cell exhaustion and inactivation,
allowing tumors to evade immune surveillance. ICIs can disrupt
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Figure 3. Immunomodulatory effects of adenosine in hypoxic TME.
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this interaction, exerting an anti-tumor effect. Therefore, the level
of PD-L1 expression can indicate GC’s response to ICls, often
assessed through immunohistochemistry.

IncRNA plays a crucial role in Helicobacter pylori infection,
TME modulation, drug resistance, and related signaling path-
ways, influencing the development, metastasis, and progression
of GC."** It can serve as both a treatment target and a potential
biomarker for predicting response to GC immunotherapy.
LncRNAs are linked to the upregulation of inhibitory immune
checkpoints. For instance, the expression of IncRNA hypoxia-
inducible factor 1 alpha-antisense RNA 2 (HIF1a-AS2) is ele-
vated in GC tissues, where it negatively regulates miR-429.
This miRNA (microRNA), in turn, binds to PD-L1, inhibiting
its expression. HIF1a-AS2 promotes PD-L1 expression by
sequestering miR-429, contributing to GC development.'*
LncRNAs also impact tumor metabolism through various
mechanisms such as cis-regulation, antisense inhibition, and
protein interactions. A study developed a GC risk model
based on metabolic IncRNAs from The Cancer Genome Atlas
(TCGA) database, reflecting tumor immune status and mutation
burden. This model can independently predict the prognosis of
GC patients, particularly those undergoing ICI treatment.'*¢

MiRNAs play various roles in gastric carcinogenesis, with
examples including anti-angiogenic miR-218, pro-angiogenic
miR-130a, and miR616-3p. Additionally, miR-92a, miR-433,
miR-454, and miR-497 are implicated in regulating apoptosis
and proliferation of GC cells.'*” Aberrant expression of numer-
ous miRNAs, such as miR223, miR-233, miR-378, miR-421,
miR-451, miR-4865p, and miR-199-3p, has been observed in
the plasma and serum of GC patients.'*® These miRNAs can
be detected in blood samples using reliable methods like
reverse transcription quantitative real-time polymerase chain
reaction and Next-generation sequencing (NGS).'* Research
by Zhu et al has demonstrated that combining miR-425-5p,
miR-1180-3p, miR122-5p, miR-24-3p, and miR-4632-5p with
gastroscopy significantly enhances early GC diagnosis.'”
Moreover, Zheng et al revealed that miR-196a-5p promotes
the progression from chronic atrophic gastritis to GC by facili-
tating cell proliferation and migration while inhibiting apopto-
sis. This miRNA could serve as a potential biomarker for
detecting the development of both conditions.'”!

Liquid biopsy is a non-invasive detection technology that
collects body fluid samples from tumor patients to detect free
circulating tumor DNA (ctDNA), circulating tumor -cells
(CTCs), and exosomes in order to gather tumor-related informa-
tion. CTCs are cells shed from primary tumors or metastases
that enter the bloodstream. CTCs play a significant role in the
diagnosis, prognosis, treatment response, and drug resistance
mechanisms in various cancers.'>? For instance, a study
found a link between CTCs and chemotherapy effectiveness.
By monitoring CTCs levels before and after chemotherapy
treatment, researchers observed that patients with AGC who
had >4 CTCs had significantly shorter OS and PFS compared
to those with <4 CTCs.'>® This suggests that measuring
CTCs could serve as a diagnostic tool for AGC patients under-
going specific chemotherapy regimens.

On the other hand, ctDNA refers to DNA fragments released
by tumor cells into the blood, which can be detected using
highly sensitive methods. In a study by Jin et al, patients with
AGC who underwent PD-1 antibody immunotherapy and
genetic sequencing testing showed varying levels of ctDNA
post-treatment, with a clear correlation between ctDNA levels
and treatment response. Monitoring changes in ctDNA levels
could potentially serve as a biomarker for assessing the
response of AGC to immunotherapy with ICIs, with a decrease
in ctDNA levels indicating a more favorable treatment

response. 154

Discussion

This study delves into the various treatment modalities for GC,
such as chemotherapy, targeted therapy, and immunotherapy,
and conducts a comparative analysis of multiple trials to
assess treatment efficacy. Specifically, findings show that tras-
tuzumab monotherapy in targeted HER-2 therapy yielded
better clinical outcomes for patients when compared to chemo-
therapy involving irinotecan and paclitaxel. Additionally, the
combination of trastuzumab with platinum- and fluorouracil-
based chemotherapy demonstrated a significant enhancement
in overall patient survival rates for those with AGC or GEJC,
particularly in cases with high HER-2-positive expression.
Trastuzumab has emerged as the primary approved drug for tar-
geted therapy in GC. However, the study found no substantial
survival improvement in patients with HER-2-positive meta-
static GC or GEJC when treated with pertuzumab alongside
trastuzumab and chemotherapy, nor was there a significant dif-
ference in survival rates between lapatinib and capecitabine.
Overall, limited efficacy was observed in patients with
HER-2-positive advanced or metastatic GC, esophageal
cancer, or GEA.

Tumors rely on angiogenesis for nutrient supply. In the
REGARD study, ramucirumab, a VEGFR-2 antagonist, was
assessed as a standalone treatment for patients with advanced
or GEJA. The trial showed an OS of 5.2 months, compared
to 3.8 months in the placebo group. In the RAINBOW trial,
the combination of ramucirumab and paclitaxel was studied
in similar patients, resulting in a significantly longer OS
period compared to the placebo and paclitaxel groups (9.6
months vs7.4 months). Ramucirumab demonstrates promising
anti-tumor effects in both monotherapy and combination
therapy settings. In the evaluation of TKIs, cetuximab plus
S-1 plus cisplatin was studied for patients with AGC,
showing good tolerance but no additional clinical benefits.
Similarly, the combination of anti-docetaxel and oxaliplatin did
not show improved clinical benefits in patients with metastatic
GA and GEJA, possibly due to cetuximab’s limited interaction
with chemotherapy drugs. Sunitinib, another VEGFR-targeting
drug, has been approved as a second-line monotherapy for
patients with AGC after chemotherapy.

In addition to targeted therapies, our research also delved
into the development of immunotherapy for GC. We found
that treating GC patients with nivolumab combined with
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chemotherapy versus nivolumab combined with ipilimumab
resulted in improved clinical benefits for the patients. This
combination was approved in the United States as a new
treatment for patients with previously untreated AGC,
GEJC, and EA as a standard first-line treatment.
Pembrolizumab, which blocks the PD-L1/PD-L2 interaction
by binding with PD-1 and inhibiting T-cell inactivation, has
shown positive clinical outcomes in patients with AGC and
gastroesophageal cancer when used alone. In 2017, the
FDA approved pembrolizumab for the treatment of recurrent
locally advanced or metastatic gastric or GEJA expressing
PD-L1. It is crucial to make correct and reasonable treatment
choices during GC therapy, as different options yield differ-
ent therapeutic effects that directly impact a patient’s prog-
nosis and treatment outcome.

Conclusion

Cancer, as a significant cause of mortality, has always been a
focal point in medical research. GC, in particular, poses a sub-
stantial threat to global health. Various treatment modalities
have been developed for clinical use, including radiotherapy,
chemotherapy, ICIs, cancer vaccines, and targeted therapies.
The emergence of targeted therapy has brought optimism to
GC treatment, offering new avenues for clinical management
and expanding our understanding of cancer. Despite these
advancements, challenges persist on the path of development.
One of the major obstacles to targeted therapy is the develop-
ment of drug resistance in patients, which significantly dimin-
ishes treatment efficacy. Moreover, treatment-related irAEs,
such as cutaneous, gastrointestinal, hepatic, and endocrine tox-
icities, further complicate the treatment landscape. While
CAR-T-cells have shown remarkable efficacy in hematological
malignancies, their application in treating solid tumors remains
limited due to challenges related to tumor antigen recognition
and the tumor immune microenvironment. TCR-T therapy
offers advantages over CAR-T in solid tumor treatment, but
is also hindered by issues such as cytokine storm toxicity and
the impact of the TME. The development of CAR-T and
TCR-T therapies has introduced novel approaches to cancer
treatment. As scientific advancements and knowledge of
tumors progress, overcoming these obstacles appears promis-
ing. The future of GC treatment is poised to expand, with tar-
geted therapy, immunotherapy, radiotherapy, chemotherapy,
and combination therapy offering patients a wider array of treat-
ment options. Specifically, targeting HER-2, VEGFR, ICIs
(PD-1/PD-L1, CTLA-4), as well as emerging targets like
CAR-T, TCR-T, and claudin, holds great promise for improv-
ing GC treatment.

The global burden of GC highlights the need for more effec-
tive treatment options. Emphasizing the exploration of novel
treatment approaches, tailored therapies, and understanding
drug resistance mechanisms can enhance treatment efficacy
and minimize side effects. Additionally, the discovery of reli-
able biomarkers is essential for early detection, prognostic
assessment, and treatment evaluation in GC.
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