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Abstract: The occurrence and development of gastric cancer (GC) is determined by many factors, and its morbidity and mortality 

are at the forefront of global cancer. In recent years, the development of molecular biology has provided new ideas for the 

diagnosis and treatment of GC. Microsatellite instability (MSI) GC is a special type of GC caused by the body’s DNA mismatch 

repair (MMR) gene defect. After studying and analyzing the clinical characteristics, molecular mechanisms and prognosis of this 

type of GC, it is found that this type of patients has specific clinicopathological features and better prognosis compared with 

ordinary types of GC. However, there are still some controversies in the study of MSI gastric cancer at home and abroad. This 

article aims to review the concept of MSI, the relationship between MSI and clinicopathological features of gastric cancer, and 

the treatment progress of MSI gastric cancer. 
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The incidence of gastric cancer ranks fifth, and its 

mortality rate ranks fourth globally among all cancers, with 

the incidence in males being twice of females [1]. Various 

factors have been found to be associated with the 

occurrence and progression of gastric cancer, including 

gender, age, dietary habits, smoking, alcohol consumption, 

and consumption of red meat, especially infection with 

Helicobacter pylori (Hp) and Epstein-Barr virus (EBV) [2]. 

Due to the lack of obvious clinical manifestations and 

specific early diagnostic markers, most gastric cancer 

patients were diagnosed at the medium and advanced 

stages, missing the optimal period for surgical treatment. 

Postoperative patients are prone to recurrence and 

metastasis, and the treatment effect is often unsatisfactory. 

Microsatellite instability (MSI) is an easily testable 

biomarker, often used as an alternative to identify specific 

molecular subtypes of gastric cancer according to the 

classifications proposed by The Cancer Genome Atlas 

(TCGA) network and the Asian Cancer Research Group 

(ACRG) [3-4]. MSI occurs due to the DNA mismatch 

repair deficiency (dMMR), leading to the inability to repair 

DNA mismatches in microsatellites. Previous studies had 

shown that MSI was associated with the occurrence and 

progression of colorectal cancer, and were considered a 

favorable pathological feature for the prognosis of 

colorectal cancer. However, the relationship between MSI 

and clinical pathological features and prognosis of gastric 

cancer remains controversial. This article mainly reviews 

the relationship between MSI and clinical pathological 

features, prognosis, and treatment progress. 

 

1  Concept of MSI 

 
A microsatellite is a short tandem repeat sequence in 

the genome DNA, consisting of 1 to 6 nucleotides. These 

repeat units are often located in the non-coding regions of 

genes or near the telomeres of chromosomes, with high 

mutability that can affect gene replication and expression. 

The mismatch repair (MMR) system maintains the 

stability of microsatellites by correcting base pairs, 

replacing mismatches, insertions or deletions, and ensuring 

the accuracy of DNA replication [5]. Currently, the MMR 

system consists of at least seven proteins: hMLH1, 

hMLH3, hMSH2, hMSH3, hMSH6, hPMS1, and hPMS2. 

When these proteins bind to specific ligands in the body, 

they can recognize mismatches in base pairs and some 

small nucleotide insertions or deletions during DNA 

replication. When the proofreading ability of exonucleases 

in DNA polymerases is deficient, the function of MMR 

gene is lost, and the errors occurring in the DNA 

replication process cannot be corrected in time by the 

organism, leading to the accumulation of microsatellite 

frameshift mutations or insertions/deletions, increasing 

susceptibility to colorectal cancer, endometrial cancer, 

ovarian cancer, and gastric cancer in humans and other 

mammals, thereby generating MSI [6]. 

 
2  Detection of MSI 

 
Currently, there is no unified standard for MSI testing 

and interpretation of gastric cancer. The detection of MSI 

in gastric cancer often refers to colon cancer, using 

immunohistochemistry (IHC) or polymerase chain 

reaction (PCR) methods [7]. In clinical practice, IHC is 

mainly used to detect the expression of four protein 

antibodies (hMLH1, hMSH2, hPMS1, and hMSH6) and 

these antibodies can determine the occurrence of MSI. If 
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the expression of any of the four protein antibodies is 

absent or <25%, it is determined as MSI; if the absence of 

protein expression ≥2, it is determined as high MSI (MSI-

H); if only one expression is absent, it is determined as low 

MSI (MSI-L), and if all four protein antibodies are 

expressed, it is identified as microsatellite-stable (MSS). 

Earlier studies indicated that there was about 5% 

inconsistency in the detection of MSI-H by IHC and PCR. 

Recent reports showed that a large part of these differences 

was due to misinterpretation of IHC. The overall 

sensitivity of IHC was 94%, almost the same as that of 

PCR [8]. PCR is usually used to detect loci such as BAT25, 

BAT26, D2S123, D5S346, and D17S250. Due to the 

advantages of PCR technology in detecting MSI-H 

classification compared to IHC, it is often used as the 

standard detection method for MSI [9]. Currently, next-

generation DNA sequencing (NGS) is becoming a research 

hotspot for MSI detection due to its high accuracy, 

specificity, and thorough interrogation of microsatellite 

sites across tumor types. It is expected to be the best 

method for standardizing MSI classification. These tests 

overcome the limitations of traditional PCR and IHC 

methods, allowing genome-wide MSI analysis and 

evaluation of other biomarkers in a single test, providing 

the possibility of detecting all gene variations in a single 

tumor simultaneously and hot gene variations across tumor 

types [10]. The 2022 National Comprehensive Cancer 

Network (NCCN) gastric cancer guidelines also 

recommended that all newly diagnosed gastric cancer 

patients undergo MMR testing through PCR, NGS, or IHC, 

and further evaluation should be conducted based on 

clinical assessment for MSI-H gastric cancer patients [11]. 

 

3  Mechanisms of occurrence of MSI gastric 

cancer 

 
MSI was initially discovered in colorectal cancer and 

was served as a marker for hereditary nonpolyposis 

colorectal cancer (HNPCC). Subsequent studies have 

shown that MSI in approximately 15% of sporadic 

colorectal cancer, gastric cancer, and endometrial cancer, 

with lower frequencies in other cancers [12-13]. In 

colorectal cancer, MSI is primarily caused by mutations of 

the MMR genes hMLH1 and hMSH2. However, MSI is 

mostly (over 50%) caused by hMLH1 silencing because of 

promoter hyper-methylation in gastric cancer [9]. A recent 

meta-analysis indicated that gene methylation occurs 

during the malignant transformation of gastric mucosa and 

accumulates progressively with disease progression. The 

levels of high methylation of hMLH1 and MGMT in gastric 

cancer tissues were significantly higher than those in non-

cancerous tissues [14]. Therefore, MSI has significance in 

premalignant lesions and may serve as a potential 

molecular indicator for early diagnosis and prevention of 

gastric cancer. 

During the development of MSI-H gastric cancer, 

there is a series of mutations in target genes involved in 

various cellular processes such as cell growth regulation 

(TGFβRⅡ, IGFⅡR, RIZ, TCF4, DP2), apoptosis (BAX, 

BCL10, FAS, CASPASE5, APAF1), and DNA repair 

(hMSH6, hMSH3, MED1, RAD50, BLM, ATR, MRE11) 

[15]. ACVR2A is the most frequently mutated gene in MSI-

H gastric cancer. It encodes a transmembrane type 2 

receptor that mediates the function of activin, which is 

divided into extracellular receptor region, transmembrane 

region, and intracellular kinase region. Activin is a member 

of the superfamily of transforming growth factor-β (TGF-

β), involved in various biological processes, including 

epithelial mesenchymal transition [16]. PTEN, a common 

tumor suppressor gene involved in double-strand break 

repair and nucleotide excision repair. It controls cell 

growth and apoptosis by inhibiting the PI3K/AKT pathway, 

and controls cell adhesion, migration, and tumor invasion 

by down regulating the activity of adhesion kinases. It also 

regulates DNA damage response pathways by interacting 

with Chk1 and p53. Nonsense mutations is one of the 

mechanisms of PTEN inactivation in gastric cancer. 

Studies suggest that PTEN mutations may disrupt the 

process of DNA damage repair, leading to the occurrence 

of MSI [17]. 

Furthermore, Helicobacter pylori (Hp) infection can 

lead to decreased expression of MMR genes and related 

proteins, allowing accumulate continuous mutations in 

gastric mucosal cells. The duration of Hp infection may 

affect the methylation levels of the MLH1 promoter in vivo 

[18]. Moreover, after Hp eradication, the expression of 

MLH1 and MSH2 in gastric mucosal cells returns to levels 

similar to those in uninfected individuals, indicating that 

the inhibition of MMR gene expression is reversible [19]. 

 

4 Incidence and pathological characteristics of 

MSI gastric cancer 

 
According to TCGA data, 21.7% of gastric cancer 

patients have MSI. However, due to the lack of a 

standardized testing algorithm, the incidence of MSI 

gastric cancer varies greatly in some related studies. van 

Velzen et al.[20] reported an MSI-H incidence of 6% to 24% 

in gastric esophageal adenocarcinomas, which can reach 

85% in patients aged 48 years and older. Guan et al. [21] 

reported MSI-H incidence in gastric cancer ranging from 

8% to 25%. A meta-analysis of four trials suggested an 

MSI-H incidence of 7.8% [22]. However, An et al. [23] 

reported lower MSI-H incidence in Eastern studies (8.2% 

to 9.5%) compared to Western studies (16.0% to 25.2%). 

In summary, there is considerable variation in the 

incidence of MSI-H gastric cancer among different 

countries and ethnicities. Therefore, a standardized 

diagnostic algorithm for MSI gastric cancer is crucial for 

better understanding its characteristics in clinical practice. 

A Chinese study found that MSI-H gastric cancer 

patients often exhibit characteristics such as older age, 

more common in females, located in the distal stomach, 

early TNM staging, and intestinal type according to Lauren 

classification, better differentiation, and HER2 negativity 

[21]. A study in Korea indicated that MSI-H gastric cancer 

is more common in elderly patients, signet ring cell type, 

and intestinal type according to Lauren classification, 
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lower tumor location, and absence of per-neural invasion 

[24]. However, some studies found no association between 

MSI status and age, sex, depth of invasion, lymph node 

metastasis, tumor differentiation, histological type (WHO 

or Lauren classification), TNM staging, vascular invasion, 

nerve invasion, and prognosis [25-26]. Despite many 

studies confirming risk factors associated with MSI-H 

gastric cancer, there is still significant variation. It has been 

suggested that MSI-H gastric cancer patients have a better 

prognosis compared to non-MSI-H gastric cancer patients, 

possibly due to higher levels of tumor-infiltrating 

lymphocytes [27]. Additionally, a study on three European 

cohorts showed that regardless of perioperative treatment, 

female MSI-H gastric cancer patients have higher survival 

rates than male patients, suggesting that MSI-H is a 

prognostic factor for females but not males [28]. Compared 

to colorectal cancer, the clinical significance and role of 

MSI in gastric cancer remain controversial, partly due to 

the relatively small sample sizes in these studies. Further 

large-scale clinical trials are needed to confirm the 

specificity of MSI gastric cancer. 

 
5 MSI gastric cancer and chemotherapy 
 

5-Fluorouracil (5-FU) is the main adjuvant 

chemotherapy for colorectal cancer. Current guidelines 

suggest that all stage II MSI phenotype colorectal cancer 

patients should not receive adjuvant therapy based on 5-

FU. However, the benefits of adjuvant chemotherapy for 

stage III MSI-H colorectal cancer patients are still 

controversial [29]. The updated NCCN guidelines in 2013 

recommend MSI testing for all stage II colorectal cancer 

patients because some studies suggest that patients with 

MSI colon cancer often have relatively better prognosis but 

do not benefit from adjuvant chemotherapy with 5-FU [30]. 

5-FU is also an important adjuvant chemotherapy for 

gastric cancer, however, the efficacy of 5-FU-based 

chemotherapy for MSI gastric cancer patients is currently 

controversial [31]. A recent meta-analysis suggested that 

adjuvant chemotherapy did not benefit MSI-H gastric 

cancer patients undergoing surgery, while for MSS/MSI-L 

gastric cancer patients, chemotherapy had significant 

benefits for disease-free survival (DFS) and overall 

survival (OS) [22]. A retrospective study by Tsai et al. [23] 

suggested that MSI gastric cancer patients only showed a 

better prognosis in stage III regardless of whether adjuvant 

chemotherapy was used. However, some studies have also 

shown that there is no significant OS difference between 

MSI-H and MSS/MSS-L comparisons, and adjuvant 

chemotherapy does not affect the DFS or OS of MSI-

H/dMMR patients [21, 25]. A recent meta-analysis showed 

that dMMR/MSI-H gastric cancer patients can still benefit 

from adjuvant chemotherapy [33]. The predictive role of 

adjuvant chemotherapy efficacy for MSI gastric cancer 

patients is still controversial in the current reported results 

of relevant studies. In gastric cancer, two phase III trials, 

KEYNOTE-585 (NCT 03221426) and MATTERHORN 

(NCT 04592913), are currently underway to evaluate the 

addition of anti-PD-1/PD-L1 in perioperative 

chemotherapy. In addition, in adjuvant therapy, the 

ongoing phase III trial ATTRACTION-5 (NCT 03006705) 

is studying the standard adjuvant chemotherapy regimen 

using tegafur or capecitabine plus oxaliplatin combined 

with nivolumab for patients with pathologically confirmed 

stage III gastric cancer (including gastroesophageal 

junction cancer) after D2 or more extensive lymph node 

dissection. 

 

6  Immunotherapy progress in msi gastric cancer 
 

In recent years, immunotherapy has become a hot 

topic in cancer research. MSI has been shown to be a 

biomarker for predicting the prognosis and response of 

immune checkpoint inhibitors (ICI), possibly because 

MSI-H tumors preferentially express some new antigens 

that are easily recognized by the immune system [35]. 

Tumors with MSI-H status also attract more immune cell 

infiltration, thereby enhancing the efficacy of ICI [36]. 

MSI gastric cancer patients can also benefit from the 

immunotherapy. PD-L1 or PD-1 expression, tumor 

mutational burden (TMB), and MSI-H are often used as 

predictive biomarkers for guiding the clinical application 

of ICI therapy, among which MSI-H has unique 

advantages, and tumors with MSI-H are particularly 

sensitive to PD-1 and PD-L1 inhibitors. Many approved 

immunotherapies inhibit the PD-1/PD-L1 interaction to 

stimulate immune responses against cancer cells [37]. 

According to previous studies, the response rate to 

immunotherapy varies among tumor types in MSI-H 

tumors, with response rates of 15% for head-and-neck 

cancer and 57%-86% for gastric cancer [35]. In addition, 

most gastric cancers are not sensitive to single-agent ICI 

therapy, so gastric cancer patients may need combination 

therapy to improve their responses to anti-PD-1 treatment 

or other ICIs [38]. A retrospective study also showed that 

in advanced MSI gastric cancer patients, immune therapy 

combined with chemotherapy achieved a higher objective 

response rate (ORR) than single-agent immune therapy 

(61.5% vs. 25%) [21]. Relevant studies indicate that tumor 

patients can induce early formation of immune memory 

and enhance T cell immune responses to tumor antigens 

better after receiving new adjuvant immunotherapy. These 

mechanisms enhance the body's anti-tumor ability and help 

eradicate postoperative micro-residual or micro-metastatic 

disease [39]. When ICI is used as neoadjuvant therapy for 

MSI/dMMR tumors, it can achieve a higher pathological 

response rate for potentially resectable tumors and 

ultimately provide the opportunity to cure tumors, 

regardless of whether surgery is performed. There are 

currently several phase II studies exploring the application 

of ICI in the neoadjuvant/adjuvant setting for MSI tumors, 

especially gastric cancer (NCT04006262, NCT04817826, 

and NCT04152889) [40]. 

Pembrolizumab is a humanized monoclonal antibody 

sourced from mice that targets PD-1. It promotes tumor 

cell apoptosis by binding to the PD-1 receptor on T cells 

and disrupting the interaction between PD-L1 molecules 

on tumor cells [37]. Recently, the FDA approved 

pembrolizumab for the treatment of patients with 
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unresectable or metastatic dMMR/MSI-H tumors, 

regardless of tumor types [41]. Pembrolizumab has also 

shown significant efficacy in patients with MSI-H tumors 

who have progressed after previous chemotherapy [6]. 

Studies suggest that pembrolizumab may serve as a 

second-line or subsequent therapy for MSI-H or high 

tumor mutation burden (TMB-H) patients [42]. However, 

some reports on MSI-H tumor patients suggest no 

significant association between MSI-H and TMB-H. 

Results from the KEYNOTE-061 and KEYNOTE-062 

trials indicate that MSI-H tumor patients treated with 

pembrolizumab achieved ORRs of 47% and 57%, 

respectively, leading to improved clinical outcomes [34]. 

In the recent CheckMate-649 trial, advanced gastric 

cancer patients treated with nivolumab in combination 

with chemotherapy showed better median OS (14.4 

months vs. 11.1 months, HR=0.70, P<0.01) and median 

PFS (7.7 months vs. 6.0 months, HR=0.68, P<0.01) 

compared to chemotherapy alone [43], and the survival 

benefit of MSI-H tumor patients is greater. Based on the 

results of CheckMate-649, the FDA approved the addition 

of nivolumab to standard chemotherapy as first-line 

treatment for advanced gastric cancer patients, regardless 

of PD-L1 combined positive score (CPS), although NCCN 

guidelines recommend it as the preferred option for 

patients with PD-L1 and CPS≥5 [11]. CTLA-4 inhibitors 

can potentially activate T cells and kill tumor cells. When 

used in combination with chemotherapy, ipilimumab, as a 

CTLA-4 antibody, achieved an ORR of 57% (95% CI: 

18%-90%) in dMMR gastric cancer, while its combination 

with nivolumab showed high efficacy (ORR of 70%, 95% 

CI: 35%-93%) [44]. Additionally, the GERCOR 

NEONIPIGA phase II study demonstrated that the 

pathological complete response rate in MSI gastric cancer 

patients was 58.6% (17/29) when treated with neoadjuvant 

therapy combining nivolumab and ipilimumab [45]. 

Enfortumab vedotin is a humanized single-domain 

anti-PD-L1 antibody derived from camels. It is more 

soluble and stable compared to full monoclonal antibodies, 

allowing for faster tissue penetration and enabling 

subcutaneous administration in less than 30 seconds, 

potentially avoiding infusion reactions [46]. Despite 

overall positive outcomes with anti-PD-1 therapy, the 

ORRs in the dMMR/MSI-H subgroup remain within the 

range of 40% to 60%, indicating inherent mechanisms of 

resistance in a considerable portion of individuals [47]. 

However, with the development of immunotherapy, 

many patients receiving ICIs exhibit resistance. Revealing 

molecular determinants of ICI response may aid in 

developing new biomarkers or combination therapies to 

overcome resistance in MSI-H/dMMR tumors. Studies 

suggest that a higher number of mutations in the PI3K-

AKT-mTOR pathway may be one of the mechanisms of 

immune evasion and primary resistance to immunotherapy 

in MSI-H/dMMR gastric adenocarcinoma [48]. Mutations 

in the β-2 microglobulin gene caused by MSI-H/dMMR 

can also lead to loss of class I major histocompatibility 

complex-mediated antigen presentation, impairing 

cytotoxic CD8+ T cell recognition of tumor cells, thus 

resulting in acquired resistance to ICIs [49]. ICI resistance 

in MSI-H/dMMR gastrointestinal tumors can be overcome 

by targeting the Wnt/β-catenin pathway [50]. In a phase II 

clinical trial of pembrolizumab in advanced MSI-H gastric 

cancer, non-responders showed frequent mutations in the 

Wnt/β-catenin pathway and abundant cancer-associated 

fibroblasts. These findings may contribute to further 

development of combination ICI therapy for advanced 

MSI-H/dMMR gastric cancer [51]. 

After ICI therapy, MSI-H gastric cancer cases exhibit 

relatively improved long-term survival rates compared to 

MSS/MSI-L cases, possibly because alterations in MMR 

genes lead to the production of abnormal tumor-specific 

peptides, which recruit lymphocytes to the tumor and 

induce an immune response. However, due to the relatively 

low overall frequency of MSI phenotypes in gastric cancer 

and the small number of patients included, the role of ICI 

therapy in MSI gastric cancer treatment remains less 

successful than the results obtained in colorectal cancer 

trials.  

 

7  Conclusion   
 

MSI gastric cancer, has its unique aspects in clinical 

pathological characteristics and treatment. Similar to 

patients with colorectal cancer, MSI-H gastric cancer 

patients have a better prognosis compared to MSS/MSI-L 

gastric cancer patients, but they often do not benefit from 

neoadjuvant chemotherapy. However, MSI-H gastric 

cancer patients seem to achieve better results after 

receiving immunotherapy. Therefore, evaluating the MSI 

status in gastric cancer patients helps in assessing 

prognosis and guiding treatment. It is hoped that future 

research on this special type of gastric cancer will be 

conducted with larger sample sizes to better validate its 

biological characteristics and establish systematic 

diagnostic and treatment standards, thereby providing 

individualized treatment guidelines for MSI patients.  

 
Conflict of Interest None 

 

Reference 
[1] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 

cancers in 185 countries [J]. CA A Cancer J Clin, 2021, 71(3): 209-249. 

[2] Thrift AP, Wenker TN, El-Serag HB. Global burden of gastric cancer: 

epidemiological trends, risk factors, screening and prevention [J]. Nat 

Rev Clin Oncol, 2023, 20(5): 338-349. 

[3] Network CGAR. Comprehensive molecular characterization of gastric 

adenocarcinoma [J]. Nature, 2014, 513(7517): 202-209. 

[4] Cristescu R, Lee J, Nebozhyn M, et al. Molecular analysis of gastric cancer 

identifies subtypes associated with distinct clinical outcomes [J]. Nat 

Med, 2015, 21(5): 449-456. 

[5] Baretti M, Le DT. DNA mismatch repair in cancer [J]. Pharmacol Ther, 

2018, 189: 45-62. 

[6] Zhao PF, Li L, Jiang XY, et al. Mismatch repair deficiency/microsatellite 

instability-high as a predictor for anti-PD-1/PD-L1 immunotherapy 

efficacy[J]. J Hematol Oncol, 2019, 12(1): 54. 

[7] Chen JL, Yan QJ, Sun JY, et al. Microsatellite status detection of colorectal 

cancer: evaluation of inconsistency between PCR and IHC [J]. J Cancer, 

2023, 14(7): 1132-1140. 

[8] Olave MC, Graham RP. Mismatch repair deficiency: the what, how and 

why it is important [J]. Genes Chromosom Cancer, 2022, 61(6): 314-321. 



                                       Chin J Clin Res, February 2024, Vol.37, No.2 

[9] Amato M, Franco R, Facchini G, et al. Microsatellite instability: from the 

implementation of the detection to a prognostic and predictive role in 

cancers [J]. Int J Mol Sci, 2022, 23(15): 8726. 

[10] Ratovomanana T, Cohen R, Svrcek M, et al. Performance of next-

generation sequencing for the detection of microsatellite instability in 

colorectal cancer with deficient DNA mismatch repair[J]. 

Gastroenterology, 2021, 161(3): 814-826.e7. 

[11] Ajani JA, D'Amico TA, Bentrem DJ, et al. Gastric cancer, version 2.2022, 

NCCN clinical practice guidelines in oncology [J]. J Natl Compr Canc 

Netw, 2022, 20(2): 167-192. 

[12] Kristmundsdottir S, Jonsson H, Hardarson MT, et al. Sequence variants 

affecting the genome-wide rate of germline microsatellite mutations[J]. 

Nat Commun, 2023, 14(1): 1-12. 

[13] Styk J, Pös Z, Pös O, et al. Microsatellite instability assessment is 

instrumental for Predictive, Preventive and Personalised Medicine: status 

quo and outlook[J]. EPMA J, 2023, 14(1): 143-165. 

[14] Wen JR, Deng SX, Bi YH, et al. Association between multiple gene 

promoter hypermethylation and the risk of gastric cancer: a systematic 

review and meta-analysis[J]. Dig Liver Dis, 2023, 55(1): 40-45. 

[15] Ottini L, Falchetti M, Lupi R, et al. Patterns of genomic instability in 

gastric cancer: clinical implications and perspectives [J]. Ann Oncol, 

2006, 17: vii97-vii102. 

[16] Yuza K, Nagahashi M, Ichikawa H, et al. Activin a receptor type 2A 

mutation affects the tumor biology of microsatellite instability-high 

gastric cancer[J]. J Gastrointest Surg, 2021, 25(9): 2231-2241. 

[17] Kim B, Kang SY, Kim D, et al. PTEN protein loss and loss-of-function 

mutations in gastric cancers: the relationship with microsatellite 

instability, EBV, HER2, and PD-L1 expression[J]. Cancers, 2020, 12(7): 

1724. 

[18] Alvarez MC, Santos JC, Maniezzo N, et al. MGMT and MLH1 

methylation in Helicobacter pylori-infected children and adults[J]. World 

J Gastroenterol, 2013, 19(20): 3043-3051. 

[19] Salvatori S, Marafini I, Laudisi F, et al. Helicobacter pylori and gastric 

cancer: pathogenetic mechanisms [J]. Int J Mol Sci, 2023, 24(3): 2895. 

[20] van Velzen MJM, Derks S, van Grieken NCT, et al. MSI as a predictive 

factor for treatment outcome of gastroesophageal adenocarcinoma [J]. 

Cancer Treat Rev, 2020, 86: 102024. 

[21] Guan WL, Ma Y, Cui YH, et al. The impact of mismatch repair status on 

prognosis of patients with gastric cancer: a multicenter analysis [J]. Front 

Oncol，2021,11:712760.  

[22] Pietrantonio F, Miceli R, Raimondi A, et al. Individual patient data meta-

analysis of the value of microsatellite instability As a biomarker in gastric 

cancer[J]. J Clin Oncol, 2019, 37(35): 3392-3400. 

[23] An JY, Kim H, Cheong JH, et al. Microsatellite instability in sporadic 

gastric cancer: its prognostic role and guidance for 5-FU based 

chemotherapy after R0 resection[J]. Int J Cancer, 2012, 131(2): 505-511. 

[24] Kim JW, Cho SY, Chae J, et al. Adjuvant chemotherapy in microsatellite 

instability-high gastric cancer[J]. Cancer Res Treat, 2020: 52(4):1178-

1187. 

[25] Shen H, Zhong MZ, Wang WL, et al. EBV infection and MSI status 

significantly influence the clinical outcomes of gastric cancer patients [J]. 

Clin Chimica Acta, 2017, 471: 216-221. 

[26] Smyth EC, Wotherspoon A, Peckitt C, et al. Mismatch repair deficiency, 

microsatellite instability, and survival: an exploratory analysis of the 

medical research council adjuvant gastric infusional chemotherapy 

(MAGIC) trial [J]. JAMA Oncol, 2017, 3(9): 1197-1203. 

[27] Su-Jin S, Yong KS, Young CY, et al. Mismatch repair status of gastric 

cancer and its association with the local and systemic immune response[J]. 

Oncol, 2019, 24(9): e835-e844. 

[28] Quaas A, Biesma HD, Wagner AD, et al. Microsatellite instability and sex 

differences in resectable gastric cancer–a pooled analysis of three 

European cohorts [J]. Eur J Cancer, 2022, 173: 95-104. 

[29] Tomasello G, Ghidini M, Galassi B, et al. Survival benefit with adjuvant 

chemotherapy in stage Ⅲ microsatellite-high/deficient mismatch repair 

colon cancer: a systematic review and meta-analysis[J]. Sci Rep, 2022, 

12(1): 1-7. 

[30]Benson AB 3rd, Bekaii-Saab T, Chan E, et al. Localized colon cancer, 

version 3.2013: featured updates to the NCCN Guidelines [J]. J Natl 

Compr Canc Netw, 2013, 11(5):519-528. 

[31] Zhao FX, Li EX, Shen GS, et al. Correlation between mismatch repair 

and survival of patients with gastric cancer after 5-FU-based adjuvant 

chemotherapy[J].J Gastroenterol, 2023, 58(7): 622-632. 

[32] Tsai CY, Lin TN, Huang SC, et al. Is adjuvant chemotherapy necessary 

for patients with deficient mismatch repair gastric cancer? -autophagy 

inhibition matches the mismatched [J]. Oncologist, 2020, 25(7): e1021-

e1030. 

[33] Nie RC, Chen GM, Yuan SQ, et al. Adjuvant chemotherapy for gastric 

cancer patients with mismatch repair deficiency or microsatellite 

instability: systematic review and meta-analysis [J]. Ann Surg Oncol, 

2022, 29(4): 2324-2331. 

[34] Takei S, Kawazoe A, Shitara K. The new era of immunotherapy in gastric 

cancer [J]. Cancers, 2022, 14(4): 1054. 

[35] Li ZY, Jia YN, Zhu HL, et al. Genomic landscape of microsatellite 

instability in Chinese tumors: a comparison of Chinese and TCGA 

cohorts[J]. Int J Cancer, 2022, 151(8): 1382-1393. 

[36] Guan WL, He Y, Xu RH. Gastric cancer treatment: recent progress and 

future perspectives [J]. J Hematol Oncol, 2023, 16(1): 57. 

[37] Boyiadzis MM, Kirkwood JM, Marshall JL, et al. Significance and 

implications of FDA approval of pembrolizumab for biomarker-defined 

disease[J]. J Immunotherapy Cancer, 2018, 6: 35. 

[38] Smyth EC, Nilsson M, Grabsch HI, et al. Gastric cancer [J]. Lancet, 2020, 

396(10251): 635-648. 

[39] Topalian SL, Taube JM, Pardoll DM. Neoadjuvant checkpoint blockade 

for cancer immunotherapy [J]. Science, 2020, 367(6477): eaax0182. 

[40] Coutzac C, Bibeau F, Ben Abdelghani M, et al. Immunotherapy in 

MSI/dMMR tumors in the perioperative setting: the IMHOTEP trial [J]. 

Dig Liver Dis, 2022, 54(10): 1335-1341. 

[41] Marcus L, Lemery SJ, Keegan P, et al. FDA approval summary: 

pembrolizumab for the treatment of microsatellite instability-high solid 

tumors [J]. Clin Cancer Res, 2019, 25(13): 3753-3758. 

[42] Marabelle A, Le DT, Ascierto PA, et al. Efficacy of pembrolizumab in 

patients with noncolorectal high microsatellite instability/mismatch 

repair-deficient cancer: results from the phase Ⅱ KEYNOTE-158 study 

[J]. J Clin Oncol, 2020, 38(1): 1-10. 

[43] Janjigian YY, Shitara K, Moehler M, et al. First-line nivolumab plus 

chemotherapy versus chemotherapy alone for advanced gastric, gastro-

oesophageal junction, and oesophageal adenocarcinoma (CheckMate 

649): a randomised, open-label, phase 3 trial [J]. Lancet, 2021, 

398(10294): 27-40. 

[44] Shitara K, Ajani JA, Moehler M, et al. Nivolumab plus chemotherapy or 

ipilimumab in gastro-oesophageal cancer[J]. Nature, 2022, 603(7903): 

942-948. 

[45] André T, Tougeron D, Piessen G, et al. Neoadjuvant nivolumab plus 

ipilimumab and adjuvant nivolumab in localized deficient mismatch 

repair/microsatellite instability-high gastric or esophagogastric junction 

adenocarcinoma: the GERCOR NEONIPIGA phase II study [J]. J Clin 

Oncol, 2023, 41(2): 255-265. 

[46] Li J, Deng YH, Zhang WJ, et al. Subcutaneous envafolimab monotherapy 

in patients with advanced defective mismatch repair/microsatellite 

instability high solid tumors[J]. J Hematol Oncol, 2021, 14(1): 95. 

[47] Randon G, Aoki Y, Cohen R, et al. SO-13 Outcomes and a prognostic 

classifier in 130 patients with microsatellite instability-high metastatic 

gastric cancer receiving PD-1 blockade [J]. Ann Oncol, 2023, 34: S167. 

[48] Wang ZH, Wang XY, Xu Y, et al. Mutations of PI3K-AKT-mTOR 

pathway as predictors for immune cell infiltration and immunotherapy 

efficacy in dMMR/MSI-H gastric adenocarcinoma[J]. BMC Med, 2022, 

20(1): 133. 

[49] Liu FC, Zhong FF, Wu H, et al. Prevalence and associations of Beta2-

microglobulin mutations in MSI-H/dMMR cancers[J]. Oncologist, 2023, 

28(3): e136-e144. 

[50] Chida K, Kawazoe A, Suzuki T, et al. Transcriptomic profiling of MSI-

H/dMMR gastrointestinal tumors to identify determinants of 

responsiveness to anti-PD-1 therapy[J]. Clin Cancer Res, 2022, 28(10): 

2110-2117. 

[51] Kwon M, An M, Klempner SJ, et al. Determinants of response and 

intrinsic resistance to PD-1 blockade in microsatellite instability-high 

gastric cancer[J]. Cancer Discov, 2021, 11(9): 2168-2185. 

Submissionreceived:2023-05-22/Revised: 2023-08-08 



!"#$%&'$()*+,-./0&(.-$*111

!"#! $%&$'()*+,&-./0&-,-1&)%)(&%)&%%(

!"#$

!

�ï#êk'7(834/0

")$RI?IL()(#

%&'(

!

�ð

% 67890:! -ZB.U09X8C@$>'&-X8

)*+,

! )%)(

D

%)

D

)%

&

2AB*

&

UpJnDE�;<P��01z2AB*

µý

$

%E

þ©ÿ

)

%E

!"

$

%E

#$%

$

%E

&''

$

%E

&�(

$

%E

)*+

$

%E

,-.

$

%E

/0

)

$F

ñòE7¿f��%71

%

�ï ñò

?'%%%%$ )F

ñòE7¿f%1c:n'

%

�ï ñò

?'%%%%

-.

!

;<P)l)*0¡K®éU¯úóEP

'

ÔkÕ

%

b°l~7P)*\;<PëA

(

?@º»¨�P¼f

'

UpJn

DE

"23##

;<K®îV²

!TL

ô¢C¿

"22I#

3¯äõÀ÷PTUröP;<|�

'

í

23#

;<P��rè

(

b°V�

�XqrBy2A)e

%

¼|cdÅáîc:|�P;<M�rEP��VorèzáxPqr

'

�09`Hní

23#

;<

P2A�ïmtT}áa

%

¤¥0tè

23#

Pz÷

(23#

&;<P��VorèPÆÿX

23#

;<P?@B*}�-By

��

'

/01

!

;<

$

UpJnDE

$

ô¢C¿

$

�@

$

õö?@

$

vwxy

$

z!q,-.

$

³´q£-.

$

X�ø-.

23456

! I?'4F)E

789:;

! LE

7<=6

! $>?(

D

M$M)")%)(#%)

D

%$M'

D

%4

E,-*-#2,.-+*-'-#2*#&2*%(&.&2(#/3($+(&..$'=-#($.24&,,-4&

-*.427-,-45 -*+2.4(-##2*#&(

NLTJQZXA

!
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ĜI(TJ3

ú

#HG

By

22I

::�a

%

÷íî

23#7H

;<cdòDL��BT�89

)$$*

'

D1NST

��z¬A­X

EE23#

¸Ú�)et#[0<$

%

ÍKE�R±FÏVR

#[0<Pòu

'

SrÅÆ2A¬�tÌ

$4a

PG)R#[

0<

(

;<z°6H�<$]KK�

23#%

tU©<Þ$×W

áì

)$)

D

$'*

'

t#0<$

%23#

$%®

22I

3¯

34SN$

z

34WN)

P>Ö-O

'

ï÷

%

t;<$®îÔù°PÊ×3�

%

23#

Eéê

"

é0

4%a#

K®î

34SN$

��-O

)**

'

¸ÔT

/HIbH¬�

%

3¯×3�)lt;��QR{�¹`

%

�

�KCVPB*÷Ö×ÌË

'

6;<7�$

34SN$(4J4=

P

Ê×3�Þß çÊî±<R7�

)$(*

'

¯^

%23#

t<9VÖ

$M�w%01

%

�ÛK;<ÚjëAzqJPýtb°

çò

'

23#7H

;<P)*0¡$�Tÿ^=3¯P>Ö

%

¼}

=3¯©ªM&¶·l®��P

"=J!PK)(>J!)K(K>Y(

=2!((LI)#%

M&¶·XZP

"P?U(P2S$%(!?W(2?WI?WA4(

?I?!$#

XM&

!TL

C¿P

" 34WN>(34WN'(4AL$(K?L4%(

PS4(?=K(4KA$$#

)$4*

' ?2ZK)?

K

23#7H

;<$¸N>ÖP

3¯

%?2ZK)?

=.¦À)vúîÛP��

)

�±²

%

b�¶

·n±²Õ

(

��Õz¶·H)*Õ

%

)vúK{�l®¯

°

7

%

"W19.<;X180.551XYWZ ;9-WX17

%

%PJK7

%

#

éBKP³r

%

M&

éUl~0¡

%

©ª.­

,

Å¹{�

)$>*

' I=A)

KTUNOP

FGâ�3¯

%

M&ÔAAÇC¿zÊ�(ïðC¿

%

:0â

�

#̂'h+LhP

;<��¶·l®B÷¨¶·XZ

%

�X:0Ø

���)*PvRÕ��¶·��

(

=|zFG,-

%

�:0

&

GZ/$

z

]4'

ÅÒ�:Õ��

!TL

ÃÄñò;<

'

=1>

Ö

%

K;<$

P̂6T

dvPV�ST

'

�2Açu

P̂6T

>Ö

�Ûê¨©

!TL

ÃÄC¿P0¡

%

è÷À÷

23#

P)l

)$?*

'

^n

%H]

(»êÀ÷

22I

3¯XÅÆÆÇP¬1ØÙ

%

¨;��¶·$>ÖnAËÌ

'

÷

H]

(»PfÅ®¨�Û

ê¶·²H

2SH$

Ôù°P×3�Þß

)$M*

' H]

Dðr

%

;�

�¶·$

2SH$

z

23H)

P¬1L¿�&H(»dÅW

%

¬

�

22I

3¯¬1±�Pâ�K�¥P

)$**

'

K1NST

��z¬A®¤��¯|�

EE

DL

PGJL

MN

%)$F?a

P;<cd�

23#'

�®îä¢

T?òó�Pa�¤�

%

tÅÆPT}2A$

23#

;<P)

VW¬euáEPsÉ

' [9. _B:cB.

}

))%*

P2A W

%

t�

ïð;345<$

23#7H

PcVW�

>ag)(a%

t

(M

çX�

.Pcd$

23#7H

cVW�Ê1

M4a' JA9.

}

))$*

P2A!

+;<$

23#7H

PcVW�

Mag)4a'

T/O:¨�/��

PHIbH¬�

%23#7H

PcVW�

?FMa

)))*

'L.

}

))'*

2A 

W

23#7H

tË�`B2AP#¯

"MF)ag*F4a#

ìî��`

B2A#¯

"$>F%ag)4F)a#'

"S

%23#7H

;<P)VWtn

uP`BzUKSÅmtáEPs>

'

�ÛK¯�

23#7H

P

ëA¯�¤7³

(

��PòFz2A��Pnu

'

¯^

%

�¨

­xP2A

23#

;<Prè

%

T?òó�P

23#

;<ëA¤

�t��$M�w%01

'

T/$`P2A¬�

%23#7H

;<cdPVorè�k

äáE

(

úRéO

(

;\°

(PT2

bjáÚ

(S9A1B.

0�

(

b�

­xz

H6I)

ÐR}

))$*

'

T/Ï`P2A¬�

%23#7H

;<

­NOî£kcd

(

âã¶·|�

(S9A1B.

0�

(

FG\Pá

ì6=ëÂ#ìde

))(*

'

ï÷

%

T}2A)e

23#

ßµ&k

ä

(

R>

(

,-së

(

«¬#{|

(

FGb�

(

7�7|�

"NH"

ú

S9A1B.

b�

#(PT2

bj

(

Q4,R

(

#ì,RzqrSÅ

¸�Æ�

))4

D

)>*

'

09

23#7H

;<PÅÆ�­¯úsÉáE

'

2A¬�

%23#7H

;<cdà±

23#7H

;<cdqr­x

%

�

Û&FGde«¬¶·PÞß­Ê�Æ

))?*

'

^n

%

T/Æî

ÒÑÇ?þ^P2A¬�

%

=SK`ByÂñ8j?@

%23#7

&(M$& E

$`��2A

E)%)(

k

)

¾¿

'?

À¿

)

j

EGZ0. RG:0. IB<%KB\1A91=)%)(% _X:F'?% TXF)E



H

;<úRcdPlmWÊîùRcd

%23#7H

ôKúRP

qr¯ú

%

÷nKùRPqr¯ú

))M*

'

&#[0<Åà

%23#

t;<$P��01z�:�mtáa

%

½TÅÆ2A$³Â

23#

;<P�¤�Óá¢

%

ab#¯�ÛmtUs

%

jfHÕB

yE�¤PÅÆ���V��By��

'

L1NST

���Tn

EE47

vwxy

"47;:AX1XA19-0:%47KO#

K#[0<P$%ûü

�@ñ`

%

09PçCCa

%

��!j

23#

¬�#[0<cd

vnòN±3î

47KO

Pûü?@

'

�ûü�@í#j

23#7H

#[0<cdP�þ��áa

))**

' TGGT

t

)%$'

k­�P

çCCa��!j#[0<cdvò~By

23#

�a

%

2A

¬�

23#

#0<PcdGG�KÅíxPqr

%

�tN±

47

KO

Pûü�@r�nÛè$��

)'%*

' 47KO

]K;<w%P

ûü�@ñ`

%

ï÷

%

3î

47KO

P�@í

23#

;<cdP@

P09mtáa

)'$*

'

¸ÔTVO:¨�/��PHIbH

¬�

23#

íyñ8?@P;<cdM�wxPqr�:

%

�

¬�ûü�@íN±ñ8P

23#7H

;<cd�Ûäå�þ

%

÷íî

233+23#7S

;<cd

%

�@í=Vlmj

"!K3#

z"

lmj

""3#

�)E�þ

)))*

' P<90

}

)')*

ByPWXR2A¬

�=SK`¨:ûü�@

%23#

;<cdNt#j¬euá

xPqr

'

ï÷

%

]�T}2A¬�

%23#7H

z

233+2337S

P

àá¸� Wu� P

"3

sÉ

%

ûü�@]n¶·

23#7H+

C22I

cdP

!K3

ú

"3

))$%)4*

'

T/HIbH W

%C22I+

23#7H

P;<cd�ï��èûü�@$±�

)''*

'

íîN±

ûü�@P

23#

;<cdU@PPqa�:

%

09ÅÆ2A

P#¯��áa

'

t;<$

%

ÜtByÑ/#j

h6VT"P67

4M4"TGP%'))$()>#

z

2LPP6IH"IT"TGP%(4*)*$'#

��

%

�

89tÂñ8j�@$Y².¡bR¶·YZÆÇ

$" !̂7$#

ú¡bR¶·YZ¢²

" !̂7S$#

P�:

'

^n

%

tûü?@$

%

09ÜtBy#j��

LPPILGP#"T74"TGP%'%%>?%4#%

2A:

Sk¥úZ½©[²¥Áq{��³´q£-.Pòóûü

�@��

%

:îN±

!)

ú­¥¦P«¬#x\8rVo7�

�P#j;<

"

©ª34;ÊNa<

#

Pcd

)'(*

'

M1NST

��zUVmn°�

EE

ÔkÕ

%

õö?@�FG?@P2A��

' 23#

g���

Kqaõö���â�Õ

"#G##

qrzñòPl~òu~

%

¼

�ÛK¯�

23#7H

­Uxî¬1T}]*�õöÿ!m>P

�.Ó

)'4*

' 23#7H

ßµPFG]êþ-­éPõö¶·de

è÷Ùí

#G#

P�:

'

¯^

%23#

;<P�²�þè��õö

?@$��

)'>*

' !̂7$

ú

!̂7S$

¬1

(

FG>Ö�^

"P2e#(

23#7H

N��çÀ

#G#

@���ò:PqaRl~òu~

%

U

$

23#7H

M�§rP¦Ä

%23#7H

PFG£Uí

!̂7$

z

!̂7S$

â�Õ](

'

Sé�cPõö@�â�

!̂7$+̂!7S$

ÅÒ�

:

%

�Y)äí<¶·Põöòå

)'?*

'

DLS9P2A

%

t

23#7H

FG$

%

õö?@PñòW¯FG|�÷É

%

¯_<Pñ

òW�

$4a%

;<�

4?agM>a

)'4*

'

^n

%

Eéê;<í

#G#

-

&?@n](

%

¯^;<cd�Û�%��?@�¡¢í.

!̂7$

?@úU©

#G#

Pñò

)'M*

'

T/WXR2A� W

%

ti

j

23#

;<cd$

%

õö?@���@à-§õö?@�e¨

­ÊPJKABW

""II#">$F4a /()4F%a#

))$*

'

ÅÆ2Aç

uFGcdtN±�ûüõö?@r

%

Û­xÈÉÀõöFG

PÚjk³

%

²í

P

¶·íFG.ÓPõöòå

%

¼}V�ê

²íV²P.FGÛI�6�üîDð8rPU`aúU{

|

)'**

' #G#

���ûü?@

23#+C22I

FGf

%

�¨ýt�ï

ðFG��áÊPVoABW

%

�¸�º»?bFGPVê

%

=Sñ8&`

'

09�?/!j2AÜtøù

#G#

t

23#

FG

r>K;<P�ûü

+

ûü³c$Pò:

"TGP%(%%>)>)(

TGP%(M$?M)>

z

TGP%($4)MM*#

)(%*

'

z!q,-.KTU«¾�ðDÕ¾P.

!̂7$

.²

%

:

0&

P

¶·

!̂7$

±²#��¨©FG¶·.

!̂7S$

b°P

ÅÒ�:ÕµBFG¶·XZ

)'?*

'

¸Ô

K!L

có¨z!q

,-.:î?@n�ïðú{|R

C22I+23#7H

FGPc

d

%

6=SFG|�Tz

)($*

'

tFG�@B*rP

23#7H

F

Gcd$z!q,-.]��¨ çP¯

)>*

'

�2A¬�

%

z!q,-.���

23#7H

úÊFG>Ö�^

"P2e7Z05Z%

P2e7H#

cdPf�úrg?@

)()*

'

÷T}Æî

23#7H

FG

cdPô1¬�

%23#7H

&

P2e7H

SÅ¸�� PÆ�

'

h6VT"P67%>$

z

h6VT"P67%>)

��P#¯¬�

%23#7H

PF

GcdtN±z!q,-.?@r

"II

b>�

(?a(4?a%

M

�­xP��#b

)'(*

'

t¸ÔP

GZB-/29WB7>(*

��$

%

ij;<¨:³´q£

-.���@&-§�@ÅàM�­xP$\

"3"$(F(

?¾

/($$F$

?¾

%NK

r

%F?%%Id%F%$#

z$\

K̂3"?F?

?¾

/(>F%

?

¾

%NK

r

%F>M%Id%F%$#'

6

23#7H

FGcdPlm��¡ë

­E

)('*

'

DL~#¯

%K!L

cótòó�@$²Â³´q£

-.��ij;<cdPT�?@

%

=S

!̂7S$

��2R8

b

"-X8\0.BC ]X<0W0[B<-X1B% Ĝ 3#
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