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Introduction
Gastric cancer remains a major global health concern, 
accounting for approximately 7.7% of deaths related 
to cancer worldwide and is the fifth most commonly 
diagnosed malignancy.1 The aggressive nature of 
gastric cancer, coupled with its frequent late stage 
diagnosis, contributes to poor prognostic outcomes, 
which makes early detection and effective treatment 
strategies critical.

One of the greatest challenges in the management of 
gastric cancer is its tendency for early dissemination, 
often via peritoneal, hematogenous, and lymphatic 
spread, which noticeably impacts survival rates. 
Given the complexity of the disease, treatment 
approaches have evolved over the years, shifting 
from surgery alone to comprehensive, multimodality 
strategies, incorporating chemotherapy, radiation 
therapy, targeted therapies, and, more recently, 
immunotherapy. Advances in molecular profiling 
and precision medicine have also paved the way for 
more personalized therapeutic approaches, offering 
hope for improved patient outcomes.

This review will provide an in depth discussion 
of gastric cancer, including its epidemiology, risk 
factors, clinical presentation, diagnosis, staging, 
and classification. The main scope includes current 
treatment modalities and emerging therapeutic 
strategies. Ongoing research and future directions 
in the management of gastric cancer will be also 
highlighted.

Methods
We conducted a comprehensive literature search 
by using PubMed, Cochrane, and Clinical Trials.
gov, covering publications from January 2000 to 
December 2024 with the search terms “gastric cancer” 
and “gastric adenocarcinoma.” We gave priority 

to high quality evidence including randomized 
controlled trials, systematic reviews, meta-analyses, 
and international guidelines. Additionally, we 
included large retrospective cohort studies (n≥100) 
and influential landmark trials or studies published 
before 2000 based on their significance to the topic. 
To ensure the review reflected emerging evidence, 
selected literature published between 1 January 
and 31 October 2025 was incorporated during the 
editorial process.

Gastroesophageal junction cancer was excluded 
from this review because of its distinct pathophy
siology and treatment paradigms. We focused on 
non-cardia gastric cancer. We excluded small, single 
center retrospective cohort studies, case series, and 
case reports owing to their limited generalizability. 
We only included literature published in English.

Epidemiology
Gastric cancer accounts for 7.7% of deaths related 
to cancer worldwide and is the fifth most commonly 
diagnosed cancer globally.1 Eastern Asia and South 
Central Asia were responsible for up to 69% of cases 
in 2020, whereas the US is considered a country 
with low incidence of gastric cancer, with an overall 
age standardized incidence rate of 4.73 per 100 000 
persons.2  3 In the US, the median age of diagnosis 
is 68 years, with 59.6% of patients diagnosed after 
the age of 65.4 Men show a higher incidence.1  2  4 
Racial and ethnic minorities, such as Hispanic and 
non-Hispanic Black patients, have a twofold higher 
incidence of gastric cancer compared with non-
Hispanic white patients, while Asian Americans 
demonstrate a 6.6-fold higher incidence.5 6

Many cases (33.7%) are diagnosed at the 
metastatic stage, with regional disease accounting 
for 23.5%, localized disease for 31%, and 11.8% 
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remaining unstaged.4 Owing to the high percentage 
of diagnoses at advanced stages, survival rates are 
poor, with a five year relative survival rate of 36.4% 
for all stages combined.4 Gaps in survival rates are 
substantial, with localized disease having a five 
year overall survival rate of 75.4%, compared with 
just 7% for distant disease.4 Asian Americans tend 
to have a better prognosis compared with Caucasian 
populations, likely due to distinct tumor biology and 
genetic polymorphisms.2

Globally, the incidence and mortality rates of 
gastric cancer have been declining steadily, driven 
by preventive and screening efforts, as well as 
advancements in management and therapeutics.2 3 7 
This decline is attributed to the decreased prevalence 
of Helicobacter pylori infection, improved food 
preservation and storage, dietary changes, and 
reduced tobacco use.1  3  8 However, an increasing 
trend in gastric cancer incidence among younger 
populations (<50 years) has been observed, especially 
in the US and UK.2  3  9 Although the exact causes 
are unclear, the rising prevalence of autoimmune 
gastritis and dysbiosis of the gastric microbiome 
due to increased use of antibiotics and proton pump 
inhibitors are believed to be contributing factors.1

Risk factors
The most well defined risk factor for gastric cancer 
is chronic H pylori  infection. Virulent strains of 
H pylori  producing VacA or CagA cause indirect 
inflammation of the gastric mucosa and direct 
epigenetic changes in the epithelial cells, promoting 
malignant transformation.10 The seroprevalence of H 
pylori in the US is relatively low (around 9% in recent 
retrospective series).11 Less than 5% of individuals 
with H pylori infection will develop gastric cancer, 
with other changes in the gastrointestinal microbiota 
recently pointed out as potential contributors.2 12

Along with H pylori infection, salt intake is a well 
studied risk factor for gastric cancer.13 In particular, 
high consumption of salted fish is associated 
with increased risk of gastric cancer, where high 
consumption of sodium chloride may detrimentally 
alter the gastric mucosa or serve as a proxy of poor 
diet and higher carcinogen consumption.14 Other 
dietary factors that can increase the risk of gastric 
cancer include low intake of fiber, high consumption 
of refined grains, and low consumption of 
antioxidant vitamins.15 Mediterranean diets and the 
consumption of fresh fruits and white vegetables can 
have a protective effect.15 16

To better answer how medical, environmental, 
and lifestyle factors affect the risk of gastric cancer 
development, the Stomach Cancer Pooling Project 
developed an international consortium of harmonized 
patient level data, predominantly through case-
control studies, which captured approximately 
13 000 gastric cancer cases and 31 000 controls in 
their 2024 update.17 The Stomach Cancer Pooling 
Project consortium confirmed a positive association 
with ever smoking, heavy alcohol consumption (>4 
drinks/day), and red or processed meat consumption, 

but found no such association between type 2 
diabetes and non-cardia gastric cancer.18-21 A 
systematic review and meta-analysis also found no 
substantial association between obesity and risk 
of gastric cancer.22 Epstein-Barr virus associated 
gastric cancer is a distinct molecular subtype, 
accounting for 2% to 20% of gastric cancers and 
is associated with a more favorable prognosis.23  24 
Recent reviews showed that a healthy lifestyle index 
(composed of body mass index and adherence to 
recommendations for healthy diet, smoking, alcohol 
consumption, and physical activity) had an inverse 
association with gastric cancer, with long term 
follow-up studies replicating these results.14 25 Other 
factors have highly heterogenous evidence that 
supports association with gastric cancer incidence, 
including bile acid reflux, autoimmune disorders, 
non-alcoholic fatty liver disease, previous gastric 
surgery, long term proton pump inhibitor use, and 
aspirin use.26-31

Non-modifiable risk factors for gastric cancer 
are mostly genetic, with 10% of cases displaying 
a familial aggregation and less than 3% with true 
mendelian inheritance.32 Among these, pathogenic 
CDH1 variants that underly hereditary diffuse gastric 
cancer confer substantially elevated lifetime risk, 
for which risk-reducing total gastrectomy and/or 
intensive endoscopic surveillance are recommended 
for appropriate carriers.33 34 Lynch syndrome, familial 
adenomatous polyposis, gastric adenocarcinoma 
and proximal polyposis of the stomach, Li-Fraumeni 
syndrome, Peutz-Jeghers syndrome, juvenile 
polyposis syndrome, as well as BRCA1/2 mutations, 
have all been related to the development of gastric 
cancer.34

Clinical presentation
Gastric cancer usually presents with nonspecific 
symptoms such as indigestion and dyspepsia.35 
However, dyspeptic symptoms alone are not sufficient 
to raise suspicion of gastric cancer, and healthcare 
providers rely on the presence of additional alarm 
symptoms such as dysphagia, weight loss, persistent 
vomiting, anemia, and/or signs and symptoms of 
upper gastrointestinal bleeding to consider gastric 
cancer.

More rarely, gastric cancer can present with a 
palpable mass or symptoms related to metastatic 
disease such as malignant ascites, bowel obstruction 
from peritoneal implants, or jaundice and clinical 
evidence of liver failure. Over 25 cutaneous 
paraneoplastic syndromes have been described in 
advanced gastric cancer, with acanthosis nigricans, 
acanthosis palmaris, eruptive seborrheic keratosis 
(Leser-Trélat sign), dermatomyositis, migratory 
thrombophlebitis (Trousseau’s syndrome), cutaneous 
leukocytoclastic vasculitis, and polyarteritis nodosa 
being the most common.36 Microangiopathic 
hemolytic anemia and membranous nephropathy 
have also been described. Up to 10% of women with 
gastric cancer develop a Krukenberg tumor, which is 
a metastatic implant to the ovary, most commonly of 
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gastric origin and signet ring cell adenocarcinoma in 
histology. These tumors can become symptomatic, 
causing pain, bloating, ascites, irregular vaginal 
bleeding, and dyspareunia, as well as hormone 
production due to changes within the ovarian 
stroma.37 38

Distant lymphatic spread can sometimes be 
identified by physical examination, with the 
detection of a left supraclavicular node (Virchow 
node) or left axillary node (Irish node). Peritoneal 
spread can lead to a periumbilical node (Sister Mary 
Joseph nodule) and palpable masses in the cul-de-
sac (Blumer’s shelf).

Diagnosis and staging
As with any cancer, histologic confirmation is essential 
for a definitive diagnosis of gastric cancer, which is 
obtained through esophagogastroduodenoscopy. 
The National Comprehensive Cancer Network 
guidelines recommend six to eight biopsies,39 and 
endoscopy enables precise assessment of the tumor’s 
location within the stomach, its relationship to the 
gastroesophageal junction for proximal tumors, and 
the treatment of some lesions.

After diagnosis, cancer staging utilizes multiple 
imaging modalities, including endoscopic 
ultrasonography; contrast-enhanced computed 
tomography of the chest, abdomen, and pelvis; 
and F-18 fluorodeoxyglucose positron emission 

tomography or computed tomography from the skull 
to the mid-thigh. Additional assessments, including 
genetic testing, evaluation of H pylori status, 
and biopsy of suspected metastatic disease, are 
performed as clinically indicated. Staging is based 
on the tumor, node, metastases classification (box 1), 
which informs treatment selection, prognostication, 
and helps to align patient expectations.39 40

Endoscopic ultrasonography is particularly 
valuable in distinguishing early stage gastric cancer 
from locally advanced gastric cancer. Its optimal 
indication is in cases of suspected early gastric 
cancer without evident bulky regional disease on 
cross sectional imaging, helping to identify tumors 
suitable for endoscopic intervention or upfront 
surgery. Furthermore, fine-needle aspiration 
during endoscopic ultrasonography can be used 
for cytologic assessment of accessible lymph 
nodes.39 Multiphasic, contrast enhanced computed 
tomography with submillimeter axial sections from 
chest to pelvis is one of the most reliable staging 
methods, being both accessible and rapid, and it 
is particularly effective for liver metastasis, with a 
specificity reaching up to 99.8% in some studies.41 42 
However, identifying peritoneal metastasis by 
using computed tomography is challenging due 
to their variable and subtle appearance.42 The 
addition of F-18 fluorodeoxyglucose positron 
emission tomography/computed tomography adds 
value by improving the accuracy of lymph node 
assessment, identifying distant metastasis, and 
offering metabolic insights into the tumor, though 
not all gastric cancers are F-18 fluorodeoxyglucose 
avid, and physiologic uptake can occur in the 
stomach.39 Positron emission tomography/computed 
tomography is most commonly employed as a second 
line test when computed tomography reveals a 
suspicious finding.39 Abdomen ultrasonography and 
magnetic resonance imaging have limited roles in 
gastric cancer staging.43

Staging laparoscopy combined with peritoneal 
washings is recommended for medically fit, 
potentially resectable patients with cT1b stage or 
above, as well as those scheduled for neoadjuvant 
therapy.39 Staging laparoscopy shows high sensitivity 
(64% to 100%) and specificity (80% to 100%) for 
detecting visible metastasis, enabling precise staging 
and reducing unnecessary surgical morbidity, 
mortality, and costs in the treatment of gastric cancer 
when used selectively.44 45 Peritoneal carcinomatosis 
detection by using staging laparoscopy ranges 
from 10.7% in early stage gastric cancer to 24% 
overall.46 47

Biomarker testing and tumor marker evaluation 
are essential during gastric cancer staging. National 
Comprehensive Cancer Network guidelines advise 
microsatellite instability testing (by using polymerase 
chain reaction, next-generation sequencing, or 
mismatch repair by immunohistochemistry) for 
all newly diagnosed cases. Human epidermal 
growth factor receptor 2 (HER2), Claudin18.2, and 
programmed cell death ligand 1 (PD-L1) testing are 

Box 1: Stomach cancer tumor, node, metastases clinical staging criteria according 
to American Joint Committee on Cancer

Primary tumor (T) category
•	TX—Primary tumor cannot be assessed
•	T0—No evidence of primary tumor
•	Tis—Carcinoma in situ: Intraepithelial tumor without invasion of the lamina propria; 

high grade dysplasia
•	T1—Tumor invades the lamina propria, muscularis mucosae, or submucosa

	○ T1a—Tumor invades the lamina propria or muscularis mucosae
	○ T1b—Tumor invades the submucosa

•	T2—Tumor invades the muscularis propria
•	T3—Tumor penetrates the subserosal connective tissue without invasion of the 

visceral peritoneum or adjacent structures*
•	T4—Tumor invades the serosa (visceral peritoneum) or adjacent structures*

	○ T4a—Tumor invades the serosa (visceral peritoneum)
	○ T4b—Tumor invades adjacent structures or organs*

Regional lymph nodes (N) category
•	NX—Regional lymph node(s) cannot be assessed
•	N0—No regional lymph node metastasis
•	N1—Metastasis in 1-2 regional lymph nodes
•	N2—Metastasis in 3-6 regional lymph nodes
•	N3—Metastasis in ≥7 regional lymph nodes

	○ N3a—Metastasis in 7-15 regional lymph nodes
	○ N3b—Metastasis in ≥16 regional lymph nodes

Distant metastasis (M) category
•	M0—No distant metastasis
•	M1—Distant metastasis

*Considered adjacent structures: spleen, transverse colon, liver, diaphragm, pancreas, 
abdominal wall, adrenal gland, kidney, small intestine, and retroperitoneum.
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recommended for suspected or confirmed metastatic 
disease to expand treatment options.23 39 Additional 
mutations can be accessed via next generation 
sequencing, including tumor mutational burden, 
NTRK and RET gene fusions, and BRAF V600E 
mutation.39 Tumor markers carcinoembryonic 
antigen and the carbohydrate antigen 19-9 are 
commonly linked with gastric cancer; a meta-
analysis found carbohydrate antigen 19-9 sensitivity 
at 30%, ranging from 6.8% to 51.7%, with higher 
values linked to advanced disease stages and tumor 
burden.48 Raised carbohydrate antigen 19-9 was 
associated with reduced overall survival (hazard 
ratio 1.83, 95% confidence interval 1.56 to 2.15), 
though optimal cutoff values and their predictive use 
for recurrences remain debated.48

Gastric cancer classifications
Adenocarcinomas constitute over 90% of 
gastric tumors. The World Health Organization 
classifies gastric adenocarcinomas into histologic 
subtypes such as tubular, parietal cell, mixed 
type, papillary, micropapillary, mucoepidermoid, 
mucinous, poorly cohesive (including signet 
ring cell histology), medullary, hepatoid, and 
Paneth cell adenocarcinoma.49 One of the earliest 
classifications, the Lauren classification, categorizes 
gastric cancer into intestinal, diffuse, mixed, and 
unclassified types based on histopathology and 
clinical characteristics.50 Intestinal type arises from 
precursor lesions related to chronic inflammation, 
predominantly affects older patients, and has been 
declining in incidence.50 51 The diffuse type, arising 
from active inflammation, is more prevalent among 
younger patients, although survival differences 
between types remain debated.51 For advanced 
gastric cancer, the Borrmann classification organizes 
tumors by morphology: type I polypoid, type II 
fungating, type III ulcerated, and type IV flat/
diffusely infiltrative.43  52 In a retrospective cohort 
study, incidences were reported as 18.7%, 39%, 
32.4%, and 10% for each type, respectively.53 
Polypoid tumors commonly presented with systemic 
symptoms, were often of intestinal type, and were 
more likely to express human epidermal growth factor 
receptor 2+, while diffusely infiltrative tumors were 
more prevalent among younger patients, frequently 
classified as Lauren diffuse type, and had signet ring 
cells in up to 62.5% of cases.53 Other systems are also 
used, such as the Paris classification for early gastric 
cancer and the Japanese classification combining the 
Paris and Borrmann classifications.54 55

The Cancer Genome Atlas Research Network 
recently introduced a molecular classification for 
gastric cancer, which aims to enhance targeted 
therapy and precision medicine. It identifies four 
molecular subtypes: Epstein-Barr  virus associated, 
microsatellite unstable, chromosomal unstable, and 
genomically stable.56 57 Epstein-Barr virus associated 
gastric cancer is more common in younger patients, 
has unique histological features, and accounts for up 
to 20% of all cases of gastric cancer.23 Microsatellite 

unstable gastric cancer, which occurs in up to 22% 
of cases,39 57 primarily affects older patients and the 
distal stomach, is associated with a high mutational 
load, and tends to have a better overall survival. 
Epstein-Barr  virus associated and microsatellite 
unstable gastric cancer are mutually exclusive, 
not occurring in the same patient. Chromosomally 
unstable gastric cancer is more heterogeneous, often 
presents with an intestinal phenotype, and frequently 
harbors HER2 overexpression. Genomically stable 
gastric cancer typically aligns with diffuse gastric 
cancer and is linked to CDH1 mutations.23

Screening
Gastric cancer screening allows for secondary 
prevention by diagnosis of early gastric cancer, with 
survival rates exceeding 95%.58 Asian countries 
with a high prevalence of gastric cancer have robust 
screening programs, where nearly 60% of all gastric 
cancers are diagnosed in early stages.59 In the US, 
<25% of gastric cancer cases are diagnosed at an 
early stage.60 The national gastric cancer screening 
program in South Korea, which started in 1999, has 
been covering almost all of its citizens. The program 
offers gastric cancer screening for persons aged 
40 years and over on a biennial basis with upper 
gastrointestinal series or upper endoscopy.61

Similarly, in Japan, a gastric cancer screening 
program was initiated nationwide in 1983. In 2014, 
the Japanese guidelines recommended gastric cancer 
screening for individuals aged 50 years and over with 
upper gastrointestinal series and upper endoscopy 
every 2 years.62 Anecdotally, these programs provide 
substantial value in reducing gastric cancer mortality, 
however, there is limited randomized control trial 
level data evaluating the benefit of these programs. A 
study using a synthetic control method estimated the 
effect of these screening programs on gastric cancer 
mortality.63 It found that a nationwide gastric cancer 
screening program in South Korea was associated 
with a reduction in mortality related to gastric cancer 
of 41% in the 15th year of its inception. However, the 
impact of the screening program on gastric cancer 
mortality in Japan was uncertain.63 It is important 
to note that in Japan, endoscopy screening was not 
recommended until 2014 and endoscopic screening 
has higher sensitivity compared with upper 
gastrointestinal series, so these results need to be 
interpreted with caution.

Standardized gastric cancer screening protocols in 
the US are lacking owing to low disease prevalence 
and concerns about cost effectiveness. However, 
evidence supports the implementation of a screening 
program in the US to target a higher risk population, 
including immigrants and their children that are 
born in the US, who retain their increased risk for 
gastric cancer despite relocation.64-66

For certain Asian groups in the US, a Markov 
model has shown that screening is cost effective.67 
This study found that a one time upper endoscopy 
with biopsies, followed by continued endoscopic 
surveillance if gastric intestinal metaplasia is 
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identified, is cost effective for Asian Americans 
aged 50 and over.67 However, studies on the cost 
effectiveness of screening in Asia have yielded 
conflicting results.68  69 Since cost effectiveness 
does not always translate to clinical effectiveness, 
more studies are needed before implementing such 
programs. At the same time, the health and economic 
burden of not screening for gastric cancer in the 
US is increasing because the at risk population is 
growing. Several European countries have already 
advocated for gastric cancer screening for groups 
at high risk.70 71 These factors have led to efforts in 
the US to identify high risk individuals for gastric 
cancer screening. In 2020, a summit was convened 
at Stanford University to propose a framework for 
gastric cancer prevention in the US.60 Based on 
discussions among experts, high risk groups in the 
US were defined as: individuals with a family history 
of gastric cancer; first generation immigrants from 
regions with a high incidence of gastric cancer; 
individuals belonging to racial or ethnic groups at 
increased risk for gastric cancer (African Americans, 
Alaska Natives, Native Americans, Asian Americans, 
and Hispanic Americans); and individuals with 
certain hereditary cancer syndromes.

Endoscopy
The use of endoscopy for screening could have some 
limitations but adverse events related to endoscopy 
are extremely rare in the US, and there are limited 
data about overdiagnosis.60  72 Studies from Asia 
show that screening leads to the diagnosis of early 
stage cancers rather than the detection of indolent 
tumor.60 Endoscopy remains the recommended 
method for screening because it allows for the 
direct examination of the gastric mucosa and 
biopsies.73 74 Advanced imaging techniques, such as 
chromoendoscopy and narrow band imaging, further 
enhance accuracy. However, some challenges related 
to the use of endoscopy in the US include increased 
burden on endoscopy resources, patient acceptance, 
and cost.68

Alternative screening methods
Other screening methods for gastric cancer include 
upper gastrointestinal series, serum pepsinogen 
testing, and H pylori serology. H pylori serology has 
low sensitivity for gastric cancer screening and 
can often yield negative results in the presence of 
longstanding atrophic gastritis or gastric intestinal 
metaplasia, making it less useful.68 The primary 
prevention of gastric cancer through H pylori 
eradication can reduce risk by up to 76%.75-77

Finally, surveillance of premalignant conditions for 
gastric cancer (including gastric intestinal metaplasia 
and atrophic gastritis) continues to be debated, as 
well as the incidental diagnosis of other diseases 
during screening. Gastric intestinal metaplasia is 
present in up to 15% of the population, with a slow 
progression rate to gastric cancer, accounting for 
only 10% of gastric cancer cases.68 78-80

The 2015 American Society for Gastrointestinal 
Endoscopy guidelines recommended screening 
in patients with gastric intestinal metaplasia who 
have certain ethnic backgrounds or family history 
of the disease, but the screening interval should 
be individualized.81 The most recent American 
Gastroenterological Association guidelines, 
published in 2020, recommend considering 
surveillance for gastric intestinal metaplasia in 
patients with high risk of gastric cancer.82 Patients 
with gastric intestinal metaplasia need to be risk 
stratified using the Sydney protocol for biopsies 
(minimum of five biopsies obtained from the antrum, 
incisura, and gastric body, with any suspicious areas 
biopsies separately).83 After obtaining biopsies, 
gastric intestinal metaplasia needs to be further 
classified based on histology into complete versus 
incomplete, anatomical distribution of gastric 
intestinal metaplasia, and presence of H pylori 
infection.84 In individuals with extensive gastric 
intestinal metaplasia (including the gastric body) and 
incomplete gastric intestinal metaplasia, endoscopic 
surveillance can be considered and recommended 
every three years.85 This is based on the fact that 
patients with high risk features of gastric intestinal 
metaplasia are at higher risk of developing gastric 
cancer faster compared with patients with low risk 
gastric intestinal metaplasia.86 Lastly, individuals 
with autoimmune gastritis should also be screened 
for type I gastric neuroendocrine tumors.85 86

Endoscopic management of early gastric cancer
Endoscopic resection for premalignant lesions and 
early gastric cancer is well established. Endoscopic 
resection techniques include endoscopic mucosal 
resection, endoscopic submucosal dissection, and 
endoscopic full thickness resection. The choice of 
proceeding with endoscopic resection versus surgery 
for early gastric cancer is dependent on the risk of 
lymph node metastasis. A large Japanese study 
including 5000 patients who underwent gastrectomy 
with lymph node dissection for early gastric cancer 
were evaluated for lymph node metastasis.87 Factors 
associated with no risk of lymph node metastasis 
included: well differentiated intramucosal cancers 
<30 mm, regardless of ulceration; lesions without 
ulceration; and well differentiated cancer <30 mm 
without lymphovascular invasion and depth of 
submucosal invasion <500 μm. These findings set the 
foundation for endoscopic submucosal dissection 
for early gastric cancer. The Japanese Gastric Cancer 
Association initially recommended endoscopic 
submucosal dissection for early gastric cancers with 
differentiated-type histologic features, confined to 
the mucosa (T1a) and ≤20 mm.88 However, given more 
data on identifying features that can predict lymph 
node metastasis, the indications for endoscopic 
submucosal dissection for early gastric cancer 
have now been expanded to include nonulcerated 
differentiated early gastric cancers of any size, 
ulcerated differentiated early gastric cancers <30 
mm, or differentiated early gastric cancers <30 mm 
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with superficial submucosal invasion (SM1; depth of 
submucosal invasion <500 μm).89

Several studies have since evaluated the outcomes 
of endoscopic submucosal dissection for these 
indications. A meta-analysis found the incidence 
of lymph node metastasis in early gastric cancer 
according to the expanded criteria for endoscopic 
submucosal dissection by the Japanese Gastric 
Cancer Association to be 0.7%.90 The American 
Gastroenterological Association has also published 
guidance in regard to endoscopic submucosal 
dissection in 2019.91 According to the American 
Gastroenterological Association guidelines, 
the absolute indication for gastric endoscopic 
submucosal dissection was mucosal adenocarcinoma 
(and lesions with high grade dysplasia), intestinal 
type, G1 or G2 differentiation, size ≤2 cm, with no 
ulceration. This document also included expanded 
indications for gastric endoscopic submucosal 
dissection which included: adenocarcinoma, 
intestinal type, G1 or G2 differentiation, any size, 
without ulceration; adenocarcinoma, intestinal type, 
G1 or G2 differentiation, with submucosal invasion 
(<500 μm); adenocarcinoma, intestinal type, G1 
or G2 differentiation, ≤3 cm, with ulceration; 
and adenocarcinoma, diffuse type, G3 or G4 
differentiation, size ≤2 cm, without ulceration.

The challenge with endoscopic submucosal 
dissection in western countries lies in its 
reliance on histological assessment. Endoscopic 
ultrasonography often struggles to differentiate 
superficially invasive early gastric cancer from 
deeper submucosal invasion. Thus, decisions for 
endoscopic submucosal dissection rely on optical 
diagnosis via careful upper endoscopy with white 
light and narrow band imaging. After endoscopic 
submucosal dissection, perform a pathology review 
to assess differentiation, invasion, margins, and 
depth. Curative resection is determined based on 
these factors, followed by multidisciplinary or 
gastrointestinal tumor board review.92  93 After an 
endoscopic submucosal dissection has been deemed 
curative, there is still a 5.9% risk of a metachronous 
cancer within three years.

Surgical treatment
Surgical indications
Surgically resectable gastric cancer includes both 
early stage and locally advanced diseases. In 
regard to locoregional disease, upfront surgery with 
adequate lymphadenectomy is recommended for 
cT1b tumors.39 Upfront surgery is also appropriate 
for ≥cT2 tumors or node-positive disease; however 
these cases are increasingly being treated with a 
multimodal approach as this has been shown to 
improve outcomes.94  95 Unresectability criteria 
include: infiltration of the disease into the root of the 
mesentery; para-aortic lymph nodes that are highly 
suspicious on imaging or confirmed by biopsy; 
invasion or encasement of major vascular structures 
(excluding the splenic vessels); distant metastasis; 
and peritoneal seeding, which includes positive 

peritoneal washings. Tumors classified as T4b might 
be considered resectable if en bloc resection can 
result in R0 margins. Cytoreductive surgery, with or 
without hyperthermic intraperitoneal chemotherapy, 
can be considered for patients with a limited burden 
of peritoneal metastasis (peritoneal cancer index 
<10), specifically in high volume, experienced 
centers.39

Extent of gastric resection
The National Comprehensive Cancer Network 
guidelines recommend that the type of resection 
can be total, subtotal, or proximal, provided that 
negative margins are achieved.39 Total gastrectomy 
is usually reserved for proximal lesions, large mid-
gastric tumors, linitis plastica, and as prophylaxis for 
hereditary cancer syndromes. By contrast, subtotal 
gastrectomies are usually performed for lesions 
located in the lower third of the stomach because 
they are associated with improved nutritional status 
and quality of life for patients. Previous studies 
have shown no noticeable survival benefit for total 
gastrectomy in cases of distal tumors.96 97 Proximal 
gastrectomy involves the removal of the upper half 
to two-thirds of the stomach, along with the cardia. 
Although it is considered an acceptable alternative 
to total gastrectomy for treating early stage upper 
gastric cancer,43 studies on its technical aspects 
and the optimal size of the gastric remnant remain 
limited. Furthermore, its oncological effectiveness 
continues to be debated.98 Notably, this technique is 
not widely practiced in western countries owing to 
concerns about chronic bile reflux and quality of life 
studies.98

Treatment guidelines recommend a proximal 
margin of at least 2 cm for early gastric cancer (T1). 
For tumors classified as T2 or greater, the required 
margins vary based on the growth pattern: expansive 
tumors necessitate a minimum margin of 3 cm, 
infiltrative tumors require at least 5 cm.43 99 A large 
multicenter cohort study reported an incidence of 
positive margins as high as 8.2%. Independent risk 
factors for positive margins included pT3-4 tumors, 
lymph node positive, and M1 disease.100 Positive 
margins have been associated with a poorer five year 
overall survival (hazard ratio 2.06, 95% confidence 
interval 1.61 to 2.65; P<0.001).101

Lymphadenectomy and adjacent organ resection
Lymphadenectomy extension is one of the most 
debated topics in the treatment of gastric cancer. 
Lymphadenectomy should aim for at least a D2 level, 
encompassing the perigastric lymph nodes and those 
along the named vessels of the celiac axis, with a 
goal of retrieving at least 16 lymph nodes.39

Early randomized controlled trials in Europe 
indicated that D2 resections led to increased operative 
morbidity and mortality without a corresponding 
survival benefit.102  103 However, critics argue that 
these trials were underpowered, and that they 
included pancreatosplenectomy as part of the D2 
resections. The definition of D2 lymphadenectomy 
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Distal gastrectomy with Billroth I reconstruction Partial gastrectomy with Billroth II reconstruction

Partial gastrectomy with Roux en Y reconstruction Total gastrectomy with Roux en Y reconstruction
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Fig 1 | Common reconstruction techniques after gastrectomy for gastric cancer
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varies but typically includes the perigastric (D1) 
nodes, as well as those along the left gastric artery, 
common hepatic artery, celiac artery, splenic hilum, 
and splenic artery.39

The definition of D3 lymphadenectomy is also 
variable, often referring to a D2 dissection with 
combined para-aortic nodal dissection.104 The 
Japanese Gastric Cancer Association instead uses 
D2+ to define non-standard lymphadenectomies 
that include dissection of splenic hilar, superior 
mesenteric venous, posterior pancreatic head, or para-
aortic lymph nodes based on specific scenarios.99 In 
2004, the Japan Clinical Oncology Group 9501 trial 
showed the safety of D2 dissection and periaortic 
nodal dissection, but long term follow-up failed to 
show improved overall survival or recurrence-free 
survival with periaortic nodal dissection.105  106 The 
15 year follow-up of the Dutch D1 versus D2 trial 
found no overall survival benefit (D1 21% v D2 29%; 
P=0.34), but reported higher mortality related to 
gastric cancer in the D1 group (48% v 37% in the D2 
group; P=0.01).107 When evaluating the patients who 
did not undergo pancreatosplenectomy, the overall 
survival was higher in the D2 group (35% v 22% 
in the D1 group; P=0.006). The authors concluded 
that D2 lymphadenectomy with a spleen preserving 
approach, when performed at a high volume center, 
might provide better locoregional control and 
survival specific to cancer compared with D1.107

Extended resections beyond lymphadenectomy, 
including bursectomy (resection of the peritoneal 
lining of the lesser sac), have been extensively studied, 
but substantial benefits have not been shown.108 
Regarding routine splenectomy, a meta-analysis of 
randomized controlled trials found no significant 
difference in overall survival between patients 
undergoing spleen preservation and those who had 
splenectomy. Moreover, splenectomy was associated 
with higher overall post-operative complications 
(risk ratio 1.66, 95% confidence interval 1.45 to 
1.99; P<0.001).109 Routine splenectomy is not 
recommended unless the spleen is directly involved 
or there is extensive hilar adenopathy present.39

Reconstruction of the digestive tract
The choice of reconstruction technique after 
gastrectomy depends on the extent of the procedure 
performed. In cases of partial gastrectomy, where 
some stomach remains, the available options include 
Billroth I (B1), Billroth II (B2), and Roux en Y (RY) 
techniques (fig 1). In a Billroth I reconstruction, 
an end-to-end anastomosis is created between 
the gastric remnant and the duodenum, thereby 
preserving duodenal continuity. The Billroth II 
technique maintains jejunal but not duodenal 
continuity; it involves a gastrojejunal anastomosis 
that can be isoperistaltic or antiperistaltic, as well as 
antecolic or retrocolic. A Braun enteroenterostomy 
can be added to the Billroth II to reduce the bile reflux 
into the gastric remnant. The Roux en Y technique 
can be used after both partial and total gastrectomies 
(fig 1). In partial gastrectomy, a distal loop of 

jejunum is anastomosed to the gastric remnant in an 
isoperistaltic configuration. In total gastrectomy, the 
jejunal loop is anastomosed to the esophagus. Other 
options for total gastrectomy reconstruction include 
the creation of a jejunal pouch, or a Hunt-Lawrence 
pouch combined with the Roux en Y technique. 
The Roux limb used for reconstruction after total 
gastrectomy is typically longer to minimize bile 
reflux and can be positioned antecolic or retrocolic. 
The jejunal pouch serves to mimic a reservoir and 
can vary in size and shape (J, omega, or S), being 
either proximal or distal.110 For isolated proximal 
gastrectomy, a double tract reconstruction can be 
employed. This involves configuring two pathways 
for food passage: one where a distal jejunal limb 
is anastomosed to the esophagus in an end-to-side 
manner with a closed jejunal stump, and another 
that includes a side-to-side gastrojejunostomy with 
the remnant stomach.111

When comparing these techniques, a meta-
analysis of randomized controlled trials assessed 
Billroth I, Billroth II, Billroth II with Braun, and Roux 
en Y techniques. It found no significant differences 
in overall complications, anastomotic leak rates, 
anastomotic strictures, or 30 day mortality.112 
However, in a 12 month follow-up, the Roux en Y 
technique significantly reduced the risk of remnant 
gastritis compared with Billroth I (risk ratio 0.56, 
95% confidence interval 0.35 to 0.76) and Billroth 
II techniques (0.47, 0.22 to 0.97).112 A meta-analysis 
comparing Roux en Y with Billroth I showed no 
noticeable differences in health related quality of 
life, and insufficient data to determine differences 
in anastomotic leak rates, although Roux en Y likely 
leads to a lower incidence of bile reflux.113 A review 
of patients from the KLASS 07 study indicated that 
those who underwent a Roux en Y reconstruction 
had the lowest rates of bile reflux at one year when 
compared with those with Billroth II Braun and 
Billroth II techniques (3.0% v 67.8% v 84.4%; 
overall P<0.05), while exhibiting similar nutritional 
status and morbidity rates.114

Minimally invasive surgery
Minimally invasive surgery for gastric cancer 
treatment, encompassing both laparoscopic and 
robotic approaches, is regarded as oncologically 
equivalent to open surgery. The National 
Comprehensive Cancer Network guidelines 
recommend using minimally invasive surgery in 
high volume centers with considerable experience, 
advising against its use for T4b cancers or those with 
bulky lymph nodes.39 Minimally invasive surgery 
offers several advantages, including faster recovery, 
reduced postoperative pain, and improved quality 
of life after surgery. It can also be safely performed 
after neoadjuvant therapy without substantially 
increasing the risk of complications.115 116 However, 
challenges such as bleeding, the presence of 
adhesions, bulky tumors, unclear anatomy, and 
intraoperative identification of T4 stage tumors 
can contribute to the failure of minimally invasive 
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surgery.117 A large retrospective cohort study of 
patients who required conversion to open surgery 
found that recurrence rates were comparable, with 
no noticeable differences in five year overall survival 
and disease-free survival.117

The LOGICA trial was one of the first studies in 
western countries to directly compare laparoscopic 
with open gastrectomy. The trial showed no 
significant differences in postoperative complications 
(44% v 42%; P=0.91), mortality in hospital (4% 
v 7%; P=0.40), median lymph node yield (29 v 29 
nodes; P=0.49), and one year overall survival (76% v 
78%; P=0.74).115 Further evaluations within the trial 
compared distal versus total gastrectomy, showing 
similar conversion rates (2% v 6%; P=0.135), fewer 
complications for the distal group (34% v 57%; 
P=0.001), and faster postoperative recovery (length 
of stay 6 v 8 days; P<0.001), while maintaining 
similar nodal yield and one year overall survival.118 
Studies in Asian countries have also shown similar 
results for laparoscopic gastrectomy, including in 
cases of locally advanced gastric cancer, reaffirming 
oncologic equivalency.119-124

As minimally invasive surgery has progressed 
to include robotic surgery, numerous studies have 
reported its safety and efficacy. A large meta-analysis 
of 17 712 patients compared robotic with laparoscopic 
gastrectomy, finding that robotic procedures had 
longer operative times (267 v 220 min; P<0.001), 
lower estimated blood loss (98 v 115 mL; P<0.001), 
and faster time to resume oral intake (4.25 v 4.43 
days; P=0.0001).125 No substantial differences were 
observed in conversion rates, reoperation rates, or 
mortality. Length of hospital stay was similar (8.67 
v 9.29 days; P<0.11), and overall complication rates 
were comparable, supporting the efficacy, safety, and 
feasibility of robotic gastrectomy. However, the costs 
of robotic procedures were significantly higher than 
those of laparoscopic surgeries ($12 224.54 (£9100; 
€10 500) v $8292.78; P<0.001).125

Surgical management of metastatic disease
Peritoneal carcinomatosis is highly prevalent in 
gastric cancer, frequently becoming the primary 
metastatic site at stage 4 diagnosis; around 50% of 
patients develop it during their disease course.126-128 
Peritoneal involvement results in poor survival 
outcomes, not only owing to tumor progression but 
also because of associated complications such as 
bowel obstruction.129

Peritoneal washings detect intraperitoneal free 
cancer cells, with positivity found in 10.9% of 
patients with early stage gastric cancer.44 47 Positive 
peritoneal washings, defined as pM1 disease, 
correlates with lower overall survival (hazard ratio 
3.46, 95% confidence interval 2.77 to 4.31; P<0.001), 
and an increased risk of peritoneal recurrence.130-132 
Positive cytology is considered modifiable, and 
conversion to negative post-neoadjuvant therapy 
is associated with improved overall survival (0.42, 
0.31 to 0.57; P<0.001).130 133

Surgical treatment in cases of limited peritoneal 
carcinomatosis or positive peritoneal washings 
(both considered pM1 disease) has recently gained 
momentum. The primary aim of cytoreductive surgery 
is to resect all visible disease, often in combination 
with intraperitoneal chemotherapy (commonly 
hyperthermic intraperitoneal chemotherapy) to target 
micrometastasis and free cancer cells. According to 
National Comprehensive Cancer Network guidelines, 
cytoreductive surgery could be considered for 
selected patients with a peritoneal cancer index ≤10, 
after at least three months of systemic therapy and 
restaging demonstrating stable or improving disease. 
This decision should be made within the context of a 
multidisciplinary team.39

The French CYTO-CHIP study, one of the largest 
retrospective studies, reported improved survival 
with cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy compared with 
cytoreductive surgery alone (16.7 v 11.3 months, 
P=0.018) and identified hyperthermic intraperitoneal 
chemotherapy as an independent predictor of 
improved survival (hazard ratio 0.52, 95% confidence 
interval 0.38 to 0.71; P<0.001).134 Additionally, a 
recent meta-analysis of 1700 patients found that 
hyperthermic intraperitoneal chemotherapy is 
associated with improved overall survival at three 
years (odds ratio 1.89, 95% confidence interval 
1.17 to 3.05) and five years (1.87, 1.29 to 2.71), 
along with reduced overall recurrence (0.49, 0.31 
to 0.80), and peritoneal recurrence (0.22, 0.11 to 
0.47).135 Although large randomized controlled 
trials are lacking, a small phase 2 trial validated the 
promising findings of earlier studies, reporting an 
initial one year overall survival of 90%.136 A recent 
updated analysis revealed a five year overall survival 
of 18%.137

In managing oligometastatic disease in gastric 
cancer, such as isolated liver metastasis, National 
Comprehensive Cancer Network guidelines do not 
recommend surgery outside of clinical trials because 
these cases are considered unresectable.39 Although 
Japanese guidelines weakly recommend liver 
resection for highly selected patients with limited 
metastatic burden and absence of other non-curable 
factors, no prospective randomized trials support 
this approach.99

Palliative gastrectomy is recommended only 
for cases involving obstruction or uncontrollable 
bleeding, with endoluminal stenting preferred for 
obstruction when feasible.39 Gastric resection in 
the context of uncurable or metastatic disease is 
generally considered futile. The 2016 REGATTA 
trial, which compared gastrectomy with D1 
lymphadenectomy followed by chemotherapy versus 
chemotherapy alone for patients with a single non-
curable factor was closed prematurely. Its interim 
analysis revealed a two year overall survival of 31.7% 
for the chemotherapy alone group versus 25.1% in 
the surgery group, with a higher incidence of severe 
(grades 3 and 4) adverse events in the surgical 
group.138 A recent meta-analysis of over 50 000 
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Table 1 | Summary of key completed studies (phase; line of therapy; tumor target; population; location) of medical treatment in gastric or 
gastroesophageal junction adenocarcinoma grouped by setting

Arms Outcome Hazard ratio (95% CI)

Objective 
response 
rate (%)

Adjuvant
SWOG/INT 0116 (III; Adjuvant; NA; ≥T3 and/or N+ gastric/GEJ; US)
  Surgery alone v postoperative chemoradiation (5-FU/LV) 5y OS 43% v 28% 1.32 (1.10 to 1.60) NA
CLASSIC (III; Adjuvant; NA; II-IIIB gastric cancer; South Korea, China, Taiwan)
  CAPOX x 6mo v surgery alone 3y DFS 74% v 59%; 5y OS 78% v 69% 0.56 (0.44 to 0.72); 0.66 (0.51 to 0.85) NA
ARTIST (III; Adjuvant; NA; II-III gastric cancer; South Korea)
  XP/radiation/XP v XP alone 3y DFS 78% v 74% NA NA
ARTIST 2 (III; Adjuvant; NA; II-III gastric cancer; South Korea)
  Oral S-1 x 1y v SOX x 6mo v SOX+chemoradiation 3y DFS 65% v 74% v 73% 0.97 (0.66 to 1.42) between SOX v 

SOX+chemoradiation
NA

CRITICS (III; Adjuvant; NA; IB-Iva gastric/GEJ; Netherlands, Sweden, Denmark)145

  Preop EOX/ECX followed by D2 surgery and postoperative EOX/
ECX or chemoradiation with XP

5y OS 58% v 46% 1.62 (1.24 to 2.12) NA

ATTRACTION-5 (III; Adjuvant; NA; Pathologic stage III gastric/GEJ; Japan, South Korea, Taiwan, China)
  Chemotherapy+nivolumab v chemotherapy+placebo 3y RFS 68% v 65% 0.90 (0.69 to 1.18) NA
Perioperative
MAGIC (III; Perioperative; NA; ≥ Stage II gastric/ GEJ/distal esophagus; UK)
  Perioperative ECF v surgery alone 5 y OS 36% v 23% 0.75 (0.60 to 0.93) NA
FLOT4-AIO (II/III; Perioperative; NA; ≥cT2 or cN+ gastric/GEJ; Germany)
  Perioperative FLOT v perioperative ECF mOS 50 v 35 mo; pCR 16% v 8% 0.77 (0.63 to 0.94); NA NA
KEYNOTE 585 (III; Perioperative; PD-L1; ≥cT3 or cN+ gastric/GEJ; Global)
  Main cohort: Chemotherapy+pembrolizumab v 
chemotherapy+placebo

EFS 44.4 v 25.5 mo; mOS 71.8 v 55.7 mo; pCR 
14.2% v 2.8%

0.81 (0.67 to 0.99); 0.86 (0.71 to 1.06); 
NA

NA

  FLOT cohort: FLOT+pembrolizumab v FLOT+placebo mEFS NR v 30.9 mo; OS 72% v 73%; pCR 17% 
v 7%

0.79 (0.52 to 1.22); NA; NA NA

MATTERHORN (III; Perioperative; PD-L1; II- IVA; Global)
  Perioperative FLOT+durvalumab v FLOT+placebo mEFS 32.8 mo v NR; pCR 19.2% v 7.2% 0.71 (0.58 to 0.86) P<0.001; NA
TOPGEAR (III; Perioperative; NA; T3/T4, Nany gastric/GEJ; Australasia, Canada, Europe)146

  Perioperative chemotherapy+preoperative chemoradiation v 
perioperative chemotherapy alone

mOS 46 v 49 mo 1.05 (0.83 to 1.31) NA

ESOPEC (III; Perioperative; NA; cT1cN+ or cT2-4a cNany EAC; Germany)
  Perioperative FLOT v CROSS mOS 66 v 37 mo; pCR 19.3% v 13.5% 0.70 (0.53 to 0.92); NA NA
NEONIPIGA (II, single arm; Perioperative; Microsatellite high/deficient mismatch repair; cT2-4, Nany gastric/GEJ; France)
  Neoadjuvant nivolumab/ ipilimumab, surgery, adjuvant nivolumab pCR 58.6% NA NA
Neoadjuvant
INFINITY (II; Neoadjuvant; Microsatellite high/deficient mismatch repair; cT2-4, Nany gastric/GEJ; Italy)
  Cohort 1: durvalumab+tremelimumab followed by surgery pCR 60% NA NA
  Cohort 2: durvalumab+tremelimumab followed by surgery or 
observation based on restaging

NA NA NA

Metastatic
CheckMate 649 (III; 1L; PD-L1; Advanced/metastatic gastric/GEJ; Global)
  Chemotherapy+nivolumab v chemotherapy PD-L1 CPS≥5: mOS 14.4 v 11.1 mo; mPFS 8.3 

v 6.1 mo
0.70 (0.61 to 0.81); 0.71 (0.61 to 0.82) 60 v 45

ITT: mOS 13.7 v 11.6 mo; mPFS 7.7 v 6.9 mo 0.79 (0.71 to 0.88); 0.80 (0.71 to 0.89) 58 v 46
KEYNOTE 859 (III; 1L; PD-L1; Advanced/metastatic gastric/GEJ; Global)
  Chemotherapy+pembrolizumab v chemotherapy PD-L1 CPS≥10: mOS 15.8 v 11.8 mo; mPFS 7.8 

v 5.6 mo
0.64 (0.53 to 0.78); 0.63 (0.51 to 0.77) 60.0 v 43.2

PD-L1 CPS≥1: mOS 13.0 v 11.4 mo; mPFS 6.9 
mo v 5.6 mo

0.75 (0.66 to 0.85); 0.73 (0.64 to 0.83) 51.8 v 42.6

ITT: mOS 12.9 v 11.5 mo; mPFS 6.9 v 5.6 mo 0.79 (0.71to 0.88); 0.76 (0.68 to 0.85) 51.0 v 42.0
KEYNOTE 811 (III; 1L; HER2; Advanced/metastatic; Global)
  Chemotherapy+trastuzumab+ pembrolizumab+placebo v 
Chemotherapy+trastuzumab+placebo

PD-L1 CPS≥1: mOS 20.1 v 15.7 mo; mPFS 10.9 
v 7.3 mo

0.79 (0.66 to 0.95); 0.72 (0.60 to 0.87) 72.6 v 60.1

ToGA (III; 1L; HER2; Advanced/metastatic; Global)
  Trastuzumab+ chemotherapy v chemotherapy mOS 13.8 v 11.1 mo; mPFS 6.7 v 5.5 mo 0.74 (0.60 to 0.91); 0.71 (0.59 to 0.85)
DESTINY Gastric01 (II, randomized; 3L+; HER2; Advanced/metastatic; South Korea, Japan)
  Trastuzumab deruxtecan 6.4 mg q3w v irinotecan or paclitaxel 
chemotherapy

mOS 12.5 v 8.9 mo; PFS 5.6 v 3.5 mo 0.60 (0.42 to 0.86); 0.47 (0.31 to 0.71) 42.0 v 12.5

DESTINY Gastric02 (II, single arm; 2L+; HER2; Advanced/metastatic; US, Europe)
  Trastuzumab deruxtecan 6.4 mg q3w mOS 12.1 mo; 12 mo OS 50.6%; mPFS 5.6 mo NA 42
NCT03929666 (II, single arm; 1L; HER2; Advanced/metastatic; North America)
  Zanidatamab+chemotherapy mPFS 15.2 mo; 30 mo OS 59% NA 84
SPOTLIGHT (III; 1L; Claudin 18.2; Advanced/metastatic; Global (31% Asian))
  Zolbetuximab+FOLFOX v FOLFOX mOS 18.2 v 15.6 mo; mPFS 11.0 vs 8.9 mo 0.78 (0.64 to 0.95); 0.73 (0.59 to 0.91) 48.1 v 47.5

(Continued)
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patients highlighted significant morbidity associated 
with palliative gastrectomy (odds ratio 2.14, 95% 
confidence interval 1.34 to 3.46; P<0.001) compared 
with non-resectional approaches, such as bypass or 
feeding jejunostomy, or no intervention.139

Systemic therapy in resectable gastric adenocarcinoma
The use of systemic therapy combined with surgical 
resection has become integral in optimizing survival 
from resectable gastric cancer. SWOG/INT0116 was 
a seminal phase 3 study conducted in the US that 
demonstrated a median overall survival benefit of 
adjuvant chemoradiation with 5-FU and leucovorin 
after surgery compared with surgery alone (36 v 27 
months).94 However, a criticism of the study was 
suboptimal surgical resection and problems with 
gastrointestinal side effects.140 Although trials of 
adjuvant chemotherapy have shown benefit primarily 
in Asian populations,141  142 those results were not 
replicated in studies with non-Asian populations.143

Perioperative therapy underwent extensive 
trial evaluation with the goal of eliminating 
micrometastatic disease, improving symptoms 
related to tumors, assessing tumor biology, and 
downstaging tumors. The UK MAGIC trial of 503 
patients with predominantly gastric cancer (74%) 
randomized participants to surgery alone versus 
surgery with perioperative epirubicin, cisplatin, and 
5-FU (ECF).95 Both progression-free survival and 
five year survival were noticeably improved in the 
perioperative group compared with surgery alone 
(36% v 23%). Subsequently, the phase II/III FLOT4-
AIO trial showed that perioperative docetaxel, 
oxaliplatin, infusional 5-FU, and leucovorin (FLOT) 
improved survival over ECF in 716 patients with 
resectable gastric and gastroesophageal junction 
adenocarcinoma.144 Noticeable benefit in pathologic 
complete response rate (16% v 8%) and median 

overall survival (50 v 35 months) were seen. 
However, grade 3 and 4 toxicities such as diarrhea, 
neutropenia, infection, and neuropathy were an 
issue. In addition, only 50% of patients were able 
to complete adjuvant therapy owing to serious side 
effects.

Perioperative chemoimmunotherapy
In an effort to improve perioperative therapy with 
agents beyond chemotherapy, a series of studies have 
been completed (table 1), or are ongoing (table 2), to 
evaluate the role of perioperative chemotherapy with 
immune checkpoint inhibition.

The ATTRACTION-5 study, which evaluated 
adjuvant nivolumab, a PD-1 inhibitor, with 
chemotherapy compared with chemotherapy plus 
placebo, did not show a benefit for recurrence free 
survival. Similarly, the global randomized phase 3 
KEYNOTE 585 trial, which compared perioperative 
pembrolizumab plus cisplatin-based chemotherapy 
versus perioperative placebo plus chemotherapy 
did not show a statistically significant event-free 
survival benefit despite a numerical improvement 
and improvement in pathologic complete response 
rate of 10% to 11% in both the doublet and triplet 
chemotherapy backbones.147 148 However, the global 
phase 3 MATTERHORN trial, which fully incorporated 
a modern chemotherapy backbone, showed that 
perioperative FLOT plus durvalumab demonstrated 
an event-free survival and an overall survival benefit 
over FLOT plus placebo.149-152

Refining systemic therapy for resectable 
microsatellite instability high or deficient mismatch 
repair gastric adenocarcinoma
Up to 10% of gastric cancer or gastroesophageal 
junction cancer harbors defects in the mismatch 
repair system which is responsible for the detection 

Table 1 | (Continued)

Arms Outcome Hazard ratio (95% CI)

Objective 
response 
rate (%)

GLOW (III; 1L; Claudin 18.2; Advanced/metastatic; Global (62% Asian))
  Zolbetuximab+CAPOX v CAPOX mOS 14.4 v 12.2 mo; mPFS 8.2 v 6.8 mo 0.77 (0.62 to 0.97); 0.69 (0.54 to 0.87) 42.5 v 40.3
RAINBOW (III; 2L; VEGFR2; Advanced/metastatic; Global)
  Ramucirumab/paclitaxel v paclitaxel mOS 9.6 v 7.4 mo; mPFS 4.4 v 2.9 mo 0·81 (0·68 to 0·96); 0.64 (0.54 to 0.75) 28 v 16
TAGS (III; 3L+; NA; Advanced/metastatic; Global)
  Trifluridine/tipiracil v placebo+best supportive care mOS 5.7 v 3.6 mo 0.69 (0.56 to 0.85) 4 v 2
DisTinGuish (II, Part A, single arm; 1L; Dickkopf-1; Advanced/metastatic; Global)
  DKN-01+tislelizumab+chemotherapy mOS 19.5 mo; 12 mo PFS 33% NA 73
FIGHT (II, randomized; 1L; FGFR2b; Advanced/metastatic; Global)
  Bemarituzumab+mFOLFOX v placebo+mFOLFOX ITT: mOS 19.2 v 13.5 mo; mPFS 9.5 v 7.4 mo 0.77 (0.52 to 1.14); 0.72 (0.49 to 1.08) 48.1 v 33.3

≥ FGFR2b in 10% of tumor cells: mOS 24.7 v 
11.1 mo; mPFS 14.0 v 7.3 mo

0.52 (0.31 to 0.85); 0.43 (0.26 to 0.73) 56.5 v 36.5

FORTITUDE 101 (III; 1L; FGFR2b; Advanced/metastatic; Global)
  Bemarituzumab+nivolumab+chemotherapy v 
nivolumab+chemotherapy

≥ FGFR2b in 10% of tumor cells: mOS 14.5 v 
13.2 mo

0.82 (0.62 to 1.08) NA

1L=first line; 5-FU/LV=fluorouracil and folinic acid; CAPOX=capecitabine and oxaliplatin; CPS=combined positive score; CROSS=(Chemoradiotherapy for Resectable Oesophageal Cancer with 
Surgery); DFS=disease-free survival; EAC=esophageal adenocarcinoma; ECF=epirubicin, cisplatin, fluorouracil; ECX=epirubicin, cisplatin, xeloda; EFS=event-free survival; EOX=epirubicin, oxaliplatin, 
xeloda; FGFR2b=fibroblast growth factor receptor 2b; FLOT=fluorouracil, oxaliplatin, docetaxel; FOLFOX=fluorouracil, leucovorin, oxaliplatin; GEJ=gastroesophageal junction; HER2=human 
epidermal growth factor receptor 2; ITT=intention to treat; mEFS=median event-free survival; mOS= median overall survival; mPFS=median progression free survival; NA=not applicable; NR=not 
reached; OS=overall survival; PD-L1=programmed death ligand 1; pCR=pathologic complete response; q3w=every 3 weeks; RFS=recurrence-free survival; SOX=S-1 and oxaliplatin; TIGIT=T cell 
immunoreceptor with Ig and ITIM domains; VEGFR2=vascular endothelial growth factor receptor 2; XP=capecitabine and cisplatin.
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and correction of base mismatches, insertions, and 
deletions that occur during DNA replication.153-155 
Post replicative DNA mismatch repair involves the 
protein complexes MutL homolog 1 (MLH1), MutS 
homolog 2 (MSH2), MutS homolog 6 (MSH6), and 
PMS1 homolog 2 (PMS2).156 Defects in mismatch 
repair are associated with genome-wide instability 
and the progressive accumulation of mutations, 
especially regions of simple repetitive DNA sequences 
known as microsatellites, resulting in microsatellite 
instability, which is associated with enhanced 
recognition by the immune system. In reanalyses 
of microsatellite high or deficient mismatch repair 
cohorts of MAGIC, CLASSIC, ARTIST and ITACA-S 
trials, deficient mismatch repair resectable gastric 
or gastroesophageal junction adenocarcinoma 
did not benefit from chemotherapy alongside 
surgery.154 Cytotoxic chemotherapy might impair 
immunosurveillance in deficient mismatch repair 
or microsatellite high tumors, resulting in poorer 
outcomes when chemotherapy is incorporated 
into curative therapy.157 As a result, perioperative 
immune checkpoint inhibition is being investigated 
for resectable microsatellite high or deficient 
mismatch repair.158 159 NEONIPIGA is a phase 2 trial 
of 32 patients with microsatellite instability high 
or deficient mismatch repair resectable gastric or 
gastroesophageal junction adenocarcinoma, who 
received neoadjuvant nivolumab plus ipilimumab 
followed by surgery and adjuvant nivolumab for nine 
months.158 Interim analysis showed a pathologic 
complete response rate of 58.6%. With a median 
follow-up of 14.9 months, no patient had relapsed. 
Similarly, the phase 2 multicohort, single arm 
INFINITY trial of 18 patients evaluated the role 
of single dose of durvalumab (a PD-L1 inhibitor) 

and tremelimumab (a CTLA-4 inhibitor) in patients 
with microsatellite high resectable gastric or 
gastroesophageal junction adenocarcinoma.159 Of 
the 15 evaluable patients with median follow-up 13.4 
months, 60% had pathologic complete response. 
Although these findings were seen in a relatively 
small cohort of patients, owing to its impressive 
results, perioperative nivolumab and ipilimumab, 
pembrolizumab, and neoadjuvant durvalumab plus 
tremelimumab are now recommended in National 
Comprehensive Cancer Network guidelines for 
microsatellite high or deficient mismatch repair 
gastric cancer.39

Limited role of radiation for resectable gastric 
cancers
Although SWOG/INT 0116 showed a median overall 
survival benefit with adjuvant chemoradiation, 
subsequent studies did not show a benefit with 
adding radiation to modern chemotherapy regimens. 
The ARTIST trial conducted in South Korea 
compared two cycles of capecitabine and cisplatin 
followed by radiotherapy and two additional cycles 
of capecitabine and cisplatin versus capecitabine 
and cisplatin alone. The radiotherapy group did 
not prolong disease-free survival, however, a 
subset analysis showed that a superior disease-
free survival was seen in patients with lymph 
node positive disease.160 Despite this promising 
signal, the subsequent ARTIST 2 trial, which 
compared concurrent chemoradiotherapy with two 
chemotherapy arms in resected node positive gastric 
cancer, showed no overall survival or progression-
free survival benefit with radiation.161 Similarly, 
the CRITICS and TOPGEAR trials did not show an 
overall survival benefit with the addition of radiation 

Table 2 | Summary of key ongoing studies (phase; line of therapy; tumor target, population, drug class) of medical treatment in gastric or 
gastroesophageal junction adenocarcinoma grouped by setting
Arms Primary endpoint(s) Secondary endpoint(s)
Perioperative
DANTE (II/III; Perioperative; PD-L1; ≥cT2 or cN+ gastric/GEJ; Monoclonal antibody)
  Perioperative FLOT+atezolizumab v perioperative FLOT EFS pCR, mOS in ITT and subgroups (CPS ≥5, CPS 

≥10, MSI), R0 resection rate, safety/tolerability
Metastatic
DESTINY GASTRIC04 (III; 2L; HER2; Advanced/metastatic; Antibody-drug conjugate)
   Trastuzumab deruxtecan v ramucirumab/paclitaxel OS PFS, ORR, DoR, DCR, safety
HERIZON-GEA-01 (III; 1L; HER2, (IHC3+or IHC2+/ISH+); Advanced/metastatic; Bispecific antibodies)
 � Zanidatamab+tislelizumab+chemotherapy v zanidatamab+chemotherapy v 

trastuzumab+chemotherapy
PFS, OS ORR, DoR, safety, HRQOL

DisTinGuish Part C (II, randomized; 1L; Dickkopf-1; Advanced/metastatic; Monoclonal antibody)
  DKN-01+tislelizumab+chemotherapy v tislelizumab+chemotherapy PFS in Dickkopf-1 high and 

all patients
OS, ORR

FORTITUDE 102 (III; 1L; FGFR2b, ≥10% of tumor cells; Advanced/metastatic; Monoclonal antibody)
  Bemarituzumab+nivolumab+chemotherapy v nivolumab+chemotherapy OS PFS, ORR, safety
STAR-221 (III; 1L; TIGIT; Advanced/metastatic; Monoclonal antibody)
  Arm A: domvanalimab+zimberelimad+FOLFOX or domvanalimab+zimberelimad+CAPOX v
  Arm B: nivolumab+FOLFOX or nivolumab+CAPOX

OS in IIT and in PD-L1 TAP 
≥5%

PFS, ORR, DoR, safety

EDGE-gastric (II; 1L; TIGIT; Advanced/metastatic; Monoclonal antibody)
  Arm A1: domvanalimab+zimberelimab+chemotherapy ORR, safety ORR by PD-L1, PFS
1L=first line; 2L=second line; CAPOX=capecitabine and oxaliplatin; CPS=combined positive score; DCR=disease control rate; DoR=duration of response; EFS=event free survival; FGFR2b=fibroblast 
growth factor receptor 2b; FLOT=fluorouracil, oxaliplatin, docetaxel; FOLFOX=fluorouracil, leuvocorin, oxaliplatin; GEJ=gastroesophageal junction; HER2=human epidermal growth factor receptor 2; 
HRQOL=heath related quality of life; ITT=intention to treat; mOS=median overall survival; MSI=microsatellite instability; ORR=objective response rate; OS=overall survival; pCR=pathologic complete 
response; PD-L1=programmed death ligand 1; PFS=progression-free survival; TAP=tumor area positivity; TIGIT=T cell immunoreceptor with Ig and ITIM domains.
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to adjuvant or neoadjuvant therapies, respectively; 
in fact, CRITICS showed that the five year overall 
survival of adjuvant chemotherapy was superior 
to chemoradiation (58% v 46%, hazard ratio 1.62; 
P=0.0004).145 146

The importance of optimal systemic therapy 
for resectable gastric cancer is magnified by these 
negative trials. The recent ESOPEC trial also showed 
superiority of perioperative triplet chemotherapy 
with FLOT compared with neoadjuvant 
chemoradiation in resectable gastroesophageal 
junction adenocarcinoma (median overall survival of 
66 v 37 months).162

Systemic therapy for advanced gastric 
adenocarcinoma
Progress to treat advanced, unresectable gastric and 
gastroesophageal junction adenocarcinoma has been 
driven by new tumor specific targets such as HER2, 
PD-L1, and Claudin 18.2. There are rarer subtypes 
such as microsatellite high or deficient mismatch 
repair (5% to 10%),163-165 Epstein  Barr  virus 
associated (5%),166 epidermal growth factor receptor 
amplified (6%),167 neurotrophic tyrosine receptor 
kinase fusion (<1%),168  169 B-Raf proto-oncogene 
(<1%),170 and receptor tyrosine kinase fusions (<1%) 
that can be effectively targeted.171

HER2
HER2 or ERBB2 is overexpressed or amplified 
in 20% to 30% of gastric or gastroesophageal 
junction adenocarcinoma.172 The phase 3 ToGA 
trial demonstrated a substantial median overall 
survival benefit with trastuzumab, a HER2 
directed monoclonal antibody, combined with 
fluoropyrimidine/cisplatin doublet compared with 
chemotherapy alone in HER2 overexpressed gastric 
or gastroesophageal junction adenocarcinoma.173 
However, subsequent trials failed to show a 
benefit from other HER2 directed agents such as 
pertuzumab or trastuzumab,174 TDM-1,175 and 
lapatinib.176 Success would come with the phase 3 
randomized KEYNOTE 811 trial of chemotherapy, 
trastuzumab, and pembrolizumab showing both 
a median progression-free survival (10.9 v 7.3 
months) and median overall survival benefit (20.1 
v 15.7 months) compared with chemotherapy, 
trastuzumab, and placebo in first line PD-L1+gastric 
or gastroesophageal junction cancer.177 Anti-HER2 
therapy after trastuzumab in gastric cancer has 
historically shown disappointing results in part due 
to loss of HER2 overexpression after trastuzumab 
(35%).178 DESTINY Gastric01 was a randomized, 
phase 2 trial conducted in East Asia evaluating 
trastuzumab deruxtecan, an HER2 directed antibody 
drug conjugate with a topoisomerase payload, 
compared with chemotherapy in HER2-positive (IHC: 
3+or IHC 2+/ISH+) 3L+gastric cancer. Trastuzumab 
deruxtecan significantly improved the objective 
response rate compared with physician choice of 
chemotherapy (42.0% v 12.5% and median overall 
survival (12.5 v 8.9 months).179 DESTINY Gastric02, 

a single arm, phase 2 study conducted in the US and 
Europe evaluated trastuzumab deruxtecan after first 
line trastuzumab-based therapy, and showed an 
objective response rate of 42% and median overall 
survival of 12.1 months.180

PD-L1 and immune checkpoint inhibition
With the success of immune checkpoint inhibitors 
to CTLA-4, PD-1, and PD-L1 in other cancers, there 
was intense interest in understanding their effects 
in gastric adenocarcinoma. In monotherapy trials 
and later line settings of PD-1 inhibition, there 
were modest objective response rates (10% to 
15%) without clear survival benefit.181-185 When 
evaluated in the first line setting combined with 
fluoropyrimidine/platinum doublet, benefit was 
more clearly seen. Three phase 3 trials, CheckMate 
649, KEYNOTE 859, and RATIONALE 305 confirmed 
that doublet chemotherapy with PD-1 inhibition 
provide meaningful clinical benefit in the first line 
setting.186-188 Four year follow-up of CheckMate 
649 continued to show a median overall survival 
benefit in the overall population (13.7 v 11.6 
months) with increasing benefit with higher PD-
L1 combined positive score of 13.8 versus 11.4 
months in PD-L1 combined positive score ≥1 and 
14.4 versus 11.1 months in PD-L1 combined positive 
score ≥5. With its initial approval, the US Food and 
Drug Administration did not restrict use of a PD-1 
inhibitor based on PD-L1 combined positive score for 
either CheckMate 649 or KEYNOTE 859.189 190 FDA’s 
Oncologic Drugs Advisory Committee convened in 
September 2024 to reassess combined positive score 
cutoffs for the use of PD-1 inhibitors nivolumab, 
pembrolizumab, and tislelizumab in combination 
with first line chemotherapy. By a vote of 10 to 2 
with one abstention, the Oncologic Drugs Advisory 
Committee, after reviewing PD-L1 combined 
positive score subgroup analyses, recommended 
against the use of PD-1 inhibitors in the first line 
treatment of patients with advanced HER2-negative, 
microsatellite stable gastric adenocarcinoma with a 
PD-L1 combined positive score <1.191

Claudin 18.2
Claudin 18.2 is a tight junction protein and a 
biomarker unique to gastric adenocarcinoma and 
is overexpressed in 20% to 30% of cases.192 It is 
normally expressed on gastric mucosa cells but 
in states of malignancy, it becomes overexpressed 
and exposed on the cell surface, making it an ideal 
target for drug development.192 Zolbetuximab is 
a first in class monoclonal antibody that binds to 
CLDN18.2.193 Initial studies from earlier phase 2 
MONO and FAST studies showed promising efficacy 
leading to two global phase 3 trials,194 195 SPOTLIGHT 
and GLOW, which compared zolbetuximab plus 
fluoropyrimidine/platinum combination compared 
with chemotherapy alone in high CLDN18.2 
expressing gastric adenocarcinoma (IHC 2/3+, 
≥75% of tumor cells).196  197 SPOTLIGHT evaluated 
zolbetuximab with 5-FU, leuvocorin, and oxaliplatin 
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in a primarily non-Asian population. GLOW evaluated 
zolbetuximab with capecitabine and oxaliplatin in a 
primarily Asian population. SPOTLIGHT and GLOW 
demonstrated a median overall survival benefit of 
the addition of zolbetuximab to chemotherapy over 
chemotherapy alone (18.2 v 15.6 months and 14.4 
v 12.2 months, respectively), leading to regulatory 
approvals.

Guidelines
The rapidly evolving landscape of gastroesophageal 
cancer treatment requires clinicians to lean heavily 
on evidence based guidelines for decision making. In 
the US, the National Comprehensive Cancer Network 
guidelines routinely update recommendations for 
the workup and treatment of early, locally advanced 
and metastatic disease, primarily through detailed 
algorithms.39 By contrast, the European Society 
of Medical Oncology Clinical Practice Guidelines 
are more narrative based in reviewing the current 
literature and provide concise recommendations 
for the diagnosis, workup and treatment of 
gastroesophageal cancer.43 In East Asia, given the 
high incidence of gastric cancer, multiple well 
established guidelines are available such as the 
Japanese Gastric Cancer Association and Korean 
Gastric Cancer Association guidelines, which remain 
authoritative on surgical strategy, including the 
extent of lymphadenectomy, resection margins, and 
indications for endoscopic or function-preserving 
procedures.55 198

Emerging treatments
Several biomarker directed therapies are being 
investigated in clinical trials (tables 1 and 2).

FGFR2b
The fibroblast growth factor and its receptor (FGF/
FGFR) pathway is integral to cancer growth.199 
The IIIb splice isoform of FGFR2 (FGFR2b) was 
observed to be overexpressed in approximately 
30% of HER2 negative gastric cancer.200 The 
phase 2 FIGHT trial of 155 patients evaluated the 
addition of bemarituzumab (an FGFR2b directed 
IgG monoclonal antibody) to first line chemotherapy 
versus chemotherapy alone in FGFR2b 
overexpressed gastric or gastroesophageal junction 
adenocarcinoma. Bemarituzumab combined with 
mFOLFOX6 (FIGHT trial) showed meaningful clinical 
benefit compared with chemotherapy alone with 
improvements in median progression-free survival 
(9.5 v 7.4 months) and median overall survival (19.2 
v 13.5 months).200 Highest improvement was seen 
in tumors with FGFR2b hyperexpression (>10% of 
tumor cells). Despite the promising results from 
the earlier phase 2 trial, the phase 3 FORTITUDE 
101 trial, which compared bemarituzumab plus 
chemotherapy with chemotherapy alone, did not 
show a statistically significant median overall 
survival benefit with longer follow-up (table 1).201 
Results of the ongoing phase 3 FORTITUDE 102 trial, 
which compare bemarituzumab, nivolumab, plus 

chemotherapy with nivolumab plus chemotherapy 
are awaited (table 2).

Dickkopf-1
Dickkopf-1 modulates Wnt signaling and promotes 
tumor angiogenesis, proliferation, and metastasis.202 
It also has immunomodulatory effects such as down 
regulating natural killer cell function and enhancing 
myeloid-derived suppressor cell activity. Part A of 
the phase 2 DisTinGuish trial evaluated DKN-01 (a 
monoclonal antibody that neutralizes Dickkopf-1) 
in combination with tislelizumab and doublet 
chemotherapy for 1L gastric adenocarcinoma. The 
objective response rate was 73% with a disease 
control rate of 95%. In Dickkopf-1 high tumors, the 
objective response rate was 90% and in Dickkopf-1 
low tumors, it was 67% (median overall survival 
of 19.5 months).203 DisTinGuish Part C, which 
randomized 170 patients to chemotherapy plus 
tislelizumab with or without DKN-01, has completed 
enrollment and is awaiting read out (table 2).

T cell immunoreceptor with Ig and ITIM domains 
(TIGIT)
TIGIT is an immune checkpoint on T and NK cells 
that is overexpressed in multiple tumor types, 
including gastric adenocarcinoma. Combined PD-1 
and TIGIT blockade has shown to increase the 
expansion of tumor antigen specific CD8+T cells, 
which supports its combined use.204 Initial data from 
the ongoing EDGE-gastric trial showed that doublet 
chemotherapy, with anti-TIGIT domvanalimab and 
PD-1 inhibitor zimberelimab, showed an objective 
response rate of 59% with objective response rates 
noticeably higher in PD-L1 high tumors compared 
with those with PD-L1 low tumors (80% v 46%).177 
Six month progression-free survival was 75%, 
again higher with the PD-L1 high tumors compared 
with with PD-L1 low tumors (93% v 66%). There 
is an ongoing phase 3 STAR-221 trial, which is 
randomizing patients to receive domvanalimab, 
zimberelimab, and chemotherapy versus nivolumab 
and chemotherapy for first line advanced gastric 
and gastroesophageal junction adenocarcinoma 
(table 2).

Future of drug development and other technologies
Bispecific antibodies
Bispecific antibodies are designed for simultaneous 
binding of two antigens on cancer cells and/
or immune cells (fig 2).205 Zanidatamab is a 
biparatropic bispecific antibody targeted against 
two distinct HER2 epitopes, which results in HER2 
receptor cluster internalization and receptor down 
regulation.206 A phase 2 study of 42 patients 
evaluated first line zanidatamab in combination 
with chemotherapy for HER2 positive advanced 
gastroesophageal adenocarcinoma.207 The 18 month 
overall survival rate was 84% and the median overall 
survival had not yet been reached with 26.5 months 
of median follow-up. HERIZON-GEA-01 is an ongoing 
phase 3 study of zanidatamab with tislelizumab 
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and chemotherapy compared with tislelizumab 
and chemotherapy for first line treatment of HER2-
positive gastroesophageal adenocarcinoma (table 2).

Antibody-drug conjugates
Antibody-drug conjugates are composed of an 
antibody directed to a tumor specific antigen with 
a cleavable linker to a cytotoxic payload.208 There 
is interest in developing this class of drugs because 
they can combine the tumor targeting properties 
of an antibody and the potency of cytotoxic agents 
(fig 2).208 The purported bystander effect, which 
allows the released payload to induce an anti-tumor 
effect in neighboring cancer cells, was seen in an 
exploratory cohort of HER2 low (IHC 2+/FISH− and 
IHC 1+) gastric cancer in the DESTINY Gastric 02 
trial.209 Other tumor specific antigen-antibody-drug 
conjugates are being actively developed against 
gastric cancer associated biomarkers (fig 2). Toxicity 
associated with antibody-drug conjugates, such as 
corneal and lung toxicity, will require continued 
investigation especially as these therapies move into 
the curative setting.

Chimeric antigen receptor (CAR) T cell therapy
There is increasing interest in evaluating CAR T cell 
therapy for gastric adenocarcinoma (fig 2).210 CAR-
engineered T cells contain an antibody fragment 
linked to an activation and costimulatory domain 
allowing for T cell activation inducing cancer 
cell apoptosis.210 In a phase 2 study of CT041, a 
CLDN18.2 CAR T cell, 14 evaluable patients with 
refractory CLDN18.2+gastric cancer achieved an 
objective response rate of 57.1% with one patient 
achieving a complete response and two with a partial 

response and disease control rate of 78.6%.211 With 
CAR T cell therapy and its potential for robust anti-
tumor immune response, symptoms of cytokine 
release syndrome or immune effector cell-associated 
neurogenic syndrome are closely monitored.

Conclusion
Gastric cancer remains a leading cause of global 
cancer mortality, yet outcomes have improved with 
the evolution of multimodal treatment strategies. 
Standards of care have been redefined through 
evidence based advances in targeted screening, 
refined surgical techniques, and personalized 
systemic therapies. The integration of molecular 
profiling now enables approaches that are directed 
by biomarkers and based on immunotherapy 
that individualize treatment and extend survival. 
Continued international collaboration, equitable 
access to diagnostic and therapeutic advances, in 
addition to randomized trials that are well designed 
are essential to further improve outcomes for patients 
with this complex disease.

Gastric cancer cell

Antibody-drug conjugate Chimeric antigen receptor (CAR) T cell

ASP2138 (CLDN18.2 x CD3)
Givastomig (CLDN18.2 x 41BB)
Zanidatamab (ECD4 x ECD2)
SHR-1701 (PD-L1 x TGFβ)
PT886 (CLDN18.2 x CD47)
Q-1802 (CLDN18.2 x PD-L1)

T-DXd (HER2 x top1i)
ARX788 (HER2 x anti-tubulum)
TPX-4589 (CLDN18.2 x MMAE)
CMG901 (CLDN18.2 x MMAE)
EO-3021 (CLDN18.2 x MMAE)
SKB264 (TROP-2 x top1i)
EV-202 (NECTIN-4 x top1i)
IBI-343 (CLDN18.2 x top1i)

CT041
IMC001

T cell Cancer cell

Immune cell  

APC

Linker CAR T CAR

Payload
Antigen-
recognition
domain

Signalling
domains

Antibody

EpCAM CAR T
IMC001

MUC17 BiTE
AMG 199

DKK1 mAb
DKN-01

TIGIT mAb
Domvanalimab
Tiragolumab

FGFR2b mAb
Bemarituzumab

FGFR TKI
Pemigatinib

VEGF TKI
Lenvatinib

VEGF mAb
Ramucirumab

CLDN18.2 mAb
Zolbetuximab

CEACAM mAb
CM24
NEO-201

PD-L1 mAb
Atexolizumab
Durvalumab

Trop-2 ADC
Sacituzumab-govitecan
SKB264

CTLA 4 mAb
Ipilimumab
Tremelimumab

LAG3 mAb
Favezelimab
Relatlimab

HER2 mAb
Trastuzumab
Margetuximab
PertuzumabPD-1 mAb

Nivolumab
Pembrolizumab
Retifanlimab
Tislelizumab
Zimberelimab

Fig 2 | Landscape of gastric cancer associated targets with novel drug platforms and updated therapies

QUESTIONS FOR FUTURE RESEARCH
•	In patients with well differentiated T1b gastric 

cancer, which histopathological features predict the 
suitability of curative endoscopic resection?

•	What is the optimal role of surgery in patients with 
mismatch repair-deficient gastric cancers who exhibit 
a strong response to neoadjuvant therapy?

•	For patients with multiple actionable biomarkers, 
what is the optimal sequence or combination strategy 
for targeted treatments?
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