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Abstract: Gastric cancer is a common malignant tumor worldwide, and its incidence and mortality have always been in the
forefront. Most gastric cancer patients in China are diagnosed in the middle and late stages, with an unsatisfactory 5-year
survival rate and poor prognosis. Prior to the emergence of targeted therapy, chemotherapy using the combination of
fluorouracil and platinum-based drugs was considered a first-line treatment option, but the clinical benefits were limited.
Targeted therapy, as a current research hotspot and new approach in the field of cancer treatment, has been proved to
significantly improve the survival rate of gastric cancer patients, especially those in the middle and late stages by practice,
clinical trials, and basic research. This article introduces the latest research progress in targeted therapy for gastric cancer,
including human epidermal growth factor receptor-2 (HER2), epidermal growth factor receptor (EGFR), fibroblast growth factor
receptor (FGFR), etc., aiming to provide new ideas and directions for targeted therapy for gastric cancer.
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Introduction

Gastric cancer (GC) is one of the most common
malignant tumors globally, and its mortality accounts for
the third highest in terms of tumor-related mortality.
There are significant geographic differences in the
incidence of gastric cancer, with the highest incidences in
Northeast Asia (Japan and Korea), South America,
Central America and Eastern Europe [1]. In China, GC has
the third highest incidence and mortality among all
cancers [2]. In recent years, the incidence of GC has been
gradually decreasing, but the incidence of early-onset GC
may be increasing. Most patients are diagnosed at an
advanced stage because of the insidious symptoms for
early-onset GC and the lack of clear clinical indications.
For resectable GC, perioperative chemotherapy has
become a standard treatment. Systemic treatments for GC
include chemotherapy, immunotherapy, and targeted

therapy. Current studies are exploring the potential
benefits of targeted therapy or immunotherapy in
perioperative and adjuvant treatment. This article
systematically summarizes the major research advances
in targeted therapy for GC, intending to provide new
approaches and strategies for the clinical treatment of GC.

1. Human epidermal growth factor receptor-2
(HER2)

The Trastuzumab for GAstric cancer (ToGA) study
established the standard treatment regimen that
trastuzumab in combination with cisplatin and
fluorouracil (5-FU) for patients with HER2-positive
advanced gastro-oesophageal junction (GEJ) cancer and
the subgroups with high HER2 expression benefited the
most [3]. The phase Ⅱ study (HERXO trial) evaluated the
efficacy of trastuzumab in combination with the XELOX
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(capecitabine, combined with oxaliplatin) regimen in the
first-line treatment of patients with HER2-positive
advanced gastric or GEJ cancer. The progression-free
survival (PFS) and overall survival (OS) were 7.1 and
13.8 months, while the patients with complete remission,
partial remission and stable disease accounted for 8.9%,
37.8% and 31.1%, respectively [4]. Compared with the
cisplatin combined with 5-FU regimen, trastuzumab in
combination with mFOLFOX6 (modified fluorouracil,
leucovorin, and oxaliplatin) improved the tolerability of
patients with previously untreated HER2-positive GC
[ overall response rate (ORR) of 41%, median PFS of 9.0
months, and median OS of 17.3 months] [5]. The above
data suggests that trastuzumab combined with XELOX or
mFOLFOX6 could be an effective and safe regimen for
patients with HER2-positive gastric or GEJ cancer.

Trastuzumab deruxtecan is a new antibody-drug
conjugate (ADC). The DESTINY-Gastic01 study
demonstrated a much higher ORR in the ADC group
compared to the standard chemotherapy group
(irinotecan/paclitaxel) (51% vs 14%, P<0.001), and the
OS was also longer than that of the chemotherapy group
(median: 12.5 months vs 8.4 months) [6]. Therefore, ADC
was approved by the Food and Drug Administration
(FDA) as a second-line or a subsequent treatment option
for patients with HER2-positive adenocarcinomas after
failure of prior trastuzumab therapy.

The phase I trial CP-MGAH22-01 examined the
efficacy of margetuximab in HER2-positive solid tumors,
including GC, with 12% of patients assessed as stable and
50% assessed as in partial remission [7]. In addition,
current data suggests that synergistic anti-tumor activity
and satiefying patient tolerance could be achieved by the
combination of margetuximab and
retifanlimab/tebotelimab, and corresponding studies are
ongoing [8].

The phase Ⅲ JACOB trial provided some evidence
for the therapeutic activity and acceptable safety of
pertuzumab in combination with trastuzumab and
chemotherapy in previously untreated HER2-positive
metastatic gastric or GEJ cancers, but the trial have not
reached its endpoint [9]. In addition, some drugs, including
trastuzumab emtansine and lapatinib, have shown clinical
benefits in relevant studies, but more researches are still
required.

2. Vascular endothelial growth factor (VEGF)

VEGF is one of the key regulators in tumor
angiogenesis. Ranimorubicin was approved by the FDA
in 2014 for the treatment of patients with advanced
gastric adenocarcinoma or GEJ adenocarcinoma that was
refractory or progressive after first-line treatment with
platinum or 5-FU-based therapy. It was further confirmed
in trials that ramorubicin combined with paclitaxel could
be used as a second-line treatment in a Chinese
population with predominantly advanced GC or GEJ
adenocarcinoma [10]. Subsequent studies have found that
ramucirumab and trifluridine/tipiracil demonstrated

clinical benefits in patients with advanced GC who had
been priorly treated (including the usage of ramucirumab)
[11]. In addition, trastuzumab in combination with
ramucirumab and paclitaxel showed promising efficacy
and a manageable risk in previously treated patients with
HER2-positive GC [12].

Based on a phase I/Ⅱ study in Asian patients,
fruquintinib combined with paclitaxel was effective in
GC patients who received substantial pre-treatment
(disease control rate of 68%) [13]. A second-line phase Ⅲ
trial is currently underway in Asia, as well as a phase Ⅱ
trial of fruquintinib in combination with SOX [ tegafur，
gimeracil and oteracil potassium (S-1) and oxaliplatin] as
a neoadjuvant therapy for GC (NCT05122091).

Apatinib was approved in October 2014 for the
third-line and further treatments of advanced GC. A phase
Ⅱ study showed that apatinib was effective and relatively
well tolerated in elderly patients with unresectable GC
who had received at least first-line chemotherapy [14]. The
study confirmed that apatinib with chemotherapy could
be a second-line treatment with good clinical efficacy and
acceptable side effects, and may provide a new option for
patients with advanced GC [15]. Apatinib and S-1 have
been approved for second-line treatment of GC, and the
combination group’s efficacy was superior to using S-1
alone [16]. In contrast, apatinib combined with S-1 is not
superior to other chemotherapy regimens for metastatic
GC as a first-line treatment option. In addition, patients
with lymph node metastases tended to have longer PFS
and OS, and better outcomes than patients with liver
metastases [17]. This may help with the design of future
clinical trials to select patient populations better. The
results of the AHEAD study further confirmed the
satisfying security and clinical benefits of apatinib as a
third- or late-line treatment in patients with advanced GC
[18].

The combination of regorafenib and nivolumab had
a manageable security profile and promote anti-tumor
activity, and a phase Ⅲ trial is planned in GC [19].
Sunitinib in combination with FOLFIRI
(irinotecan/5-fluorouracil/leucovorin) have shown a
tendency in improving OS in GC but have not met the
primary endpoint [20]. Sorafenib alone or in combination
with chemotherapy could improve OS and PFS in patients
with advanced GEJ adenocarcinoma [21-22], but results
from high-quality trial are still needed to support this idea.
In the first-line treatment of metastatic GC, the addition
of sorafenib to the XP (capecitabine and cisplatin)
regimen was not superior to XP alone [23]. Single use of
pazopanib produced sustained efficacy in recurrent and
metastatic GEJ adenocarcinoma [24]. The results of a
phase Ⅱ trial revealed that the addition of pazopanib to
chemotherapy (5-FU + oxaliplatin) showed signs of
benefit but no significant improvement[25].

3. Claudin (CLDN) 18.2

CLDN18.2 is an isoform of claudin protein, which is
a tightly linked structural component. Approximately
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40% of GCs exhibit overexpression of CLDN 18.2 [26].
The SPOTLIGHT trial illustrated that zolbetuximab in
combination with chemotherapy showed better PFS and
OS in patients with CLDN 18.2-positive, HER2-negative,
unresectable, locally advanced or metastatic GC, and GEJ
adenocarcinomas [27]. Two phase Ⅲ trials (NCT03504397,
NCT03653507) are currently investigating the effect of
zobetuximab in combination with chemotherapy in the
first-line treatment of CLDN 18.2-positive (≥75%
expression) gastric and GEJ cancers. In addition, CLDN
18.2 is being studied as a target for autologous chimeric
antigen receptor (CAR) -T cells (NCT04467853,
NCT04260191) as well as bispecific T-cell engagers
(BiTE) (NCT910) in phase I trials.

4. Fibroblast growth factor (FGFR)

Alterations in the FGF receptor gene occur in a
variety of cancer entities, with a frequency range of
3%-7% in GC and GEJ cancer. In a patient-derived
xenograft model of FGFR2-amplified GC, AZD4547
showed favorable pre-clinical activity but did not improve
PFS compared to paclitaxel [28-29]. Frutibatinib (TAS-120)
can overcome resistance to ATP-competitive FGFR
inhibitors and clinical trials are conducting [30].
Bemarituzumab achieved a partial response rate of 17.9%
in a phase I study of patients with advanced solid tumors
and FGFR2b overexpressing gastric and GEJ cancers [31].
The phase Ⅱ study (FIGHT) investigated the efficacy of
bemarituzumab in combination with FOLFOX6 as
first-line therapy in patients with unresectable locally
advanced or metastatic HER2-negative GC with FGFR2b
overexpression. The results showed that the median PFS
was improved further in the Bemarituzumab group,
whereas the median OS was not, and the ORR was
improved from 40% to 53% [32, 33].

5. Epidermal growth factor receptor (EGFR)

More than 30% of patients with GC have EGFR
overexpression and mostly have a poor prognosis [34].
Cetuximab combined with cisplatin can significantly
improve clinical efficacy, reduce tumor metastases,
enhance immune function, and improve prognosis in GC
patients [35]. Adding cetuximab to an NCT regimen for
operable GC/GEJ adenocarcinoma is safe, but the study
did not meet the primary endpoint yet (NCT01360086)
[36]. The addition of panitumumab to standard
chemotherapy as first-line treatment for advanced
GC/GEJ adenocarcinoma did not improve efficacy
outcomes [37]. However, a small clinical study selecting
anti-EGFR therapy for EGFR-amplified gastroesophageal
cancers showed a high response rate and prolonged
survival [38]. This suggests that targeting EGFR may only
work in appropriate patient populations.

6. Mesenchymal-epithelial transforming (MET)
factor receptor

In GC, MET is a major oncogenic driver [39].
Savolitinib is a potential targeted therapy (ORR=50%) in
patients with GC in the VIKTORY trial, which is under
further clinical development [40].

7. Combination with immunosuppressants

The phase Ⅲ KEYNOTE-811 trial indicated that,
compared to trastuzumab in combination with
chemotherapy, the addition of pembrolizumab would
improve survival in patients with advanced
HER2-positive GC/GEJ adenocarcinoma [41].

8. Tropomyosim receptor kinase (TRK) fusion
proteins

Relevant evidence suggests that neurotrophic
tropomyosin-receptor kinase (NTRK) gene fusions occur
in gastric adenocarcinoma and may be associated with an
aggressive phenotype[42]. Numerous data suggest that
entrectinib and larotrectinib result in clinically
meaningful changes in patients with NTRK
fusion-positive tumors that are durable, safe and
controllable [43-44]. Therefore, entrectinib and larotrectinib
are recommended as second-line or follow-up treatment
options for patients with NTRK fusion-positive GC.

9. Other potential targets

The disease control rate of first-generation oral
mammalian target of rapamycin (mTOR) inhibitor,
everolimus, was 56%. In contrast, the subsequent phase
Ⅲ GRANITE-1 trial found that everolimus did not
improve survival in patients with advanced GC who had
failed prior chemotherapy [45-46]. AZD8055, a
second-generation mTOR inhibitor, could suppress
invasion and migration of tratuzumab resistant
HER2-positive GC cells via the PI3K/AKT/mTOR
pathway [47]. AZD2014 was used as second-line
chemotherapy in a phase Ⅱ trial in patients with TSC1/2
mutated or TSC1/2-null GC (NCT03082833) [48]. Several
dual mTORC1/2 inhibitors are currently under clinical
experiments for cancer treatment. Olaparib is a
poly(ADP-ribose) polymerase (PARP) inhibitor that
blocks base excision repair of DNA and induces synthetic
lethality in tumors with defects of homologous
recombination repair [49]. The GOLD study showed no
statistically significant improvement in the survival rate
of paclitaxel plus olaparib in cases with overall
metastases or ataxia-telangiectasia mutated protein
(ATM)-negative metastases [50].

Targeted therapies against CAR-T cells, GC stem
cells, tumor-associated macrophages, etc., have potential
to become the new inspirations of targeted therapy for
GC.
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10. Chinese medicine combined with targeted
therapy

In recent years, Chinese medicine has been playing
an increasingly important role in the treatment of tumors.
Including Chinese medicine in the treatment can enhance
the effect of targeted drugs and reduce the side
effects,such as loss of appetite and fatigue. Researches
have revealed that the active ingredients of some specific
anti-rheumatic Chinese medicines, such as quercetin,
have a mechanism similar to that of trastuzumab and can

down-regulate the expression of VEGF-C and VEGFR-3
[51]. Sunitinib combined with astragalus could enhance the
anti-tumor effect of the former on GC [52]. In addition,
co-administration of curcumin/curcumin analogs, which
is present in various Chinese medicines, with
chemotherapy can synergistically increase the efficacy of
anticancer chemotherapy and attenuate the associated side
effects compared to the group treated with
chemotherapeutic agents alone [53].

The mechanism of gastric cancer related targets is
shown in Figure 1.

Figure 1 Schematic diagram of the mechanism of GC-related targets

11. Conclusion

Before targeted therapy emerged, chemotherapy was
the primary treatment for advanced GC. Now we have
entered the era of personalized diagnosis and treatment
targeting at specific genes and pathways with the progress
of next-generation sequencing (NGS). Various clinical
trials for specific targets are in full swing around the
world, and precise medical treatment has been gradually
accepted and become a consensus. At present,
trastuzumab combined with chemotherapy has long been
the standard first-line treatment for HER2-positive GC
patients in the advanced stage. Guidelines from China and
internation have also approved the use of ramucirumab in
the second-line treatment of GC. However, the
therapeutic efficacy of GC is still mixed. The premise of
targeted therapy is to find the corresponding target gene.
Therefore, in-depth research on the molecular mechanism
of pathogenic signaling pathways, the search for
biomarkers, and the understanding of novel

immunotherapies in combination with molecularly
targeted drugs have become crucial. In the future, the
screening of specific populations for particular targets,
the combination of multi-targeted drugs with surgery,
immunotherapy, radiotherapy, and chemotherapy to
improve PFS and OS of patients will be the focus of
clinical trials and basic researches.
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