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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 (AMMR), 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: hMLHI,
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, THC is
mainly used to detect the expression of four protein
antibodies (hMLHI1, 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 [HC,
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 hMLHI and hMSH?2. However, MSI is
mostly (over 50%) caused by AMLH] 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 A/MLHI 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
(TGFpBRII, IGFIIR, RIZ, TCF4, DP2), apoptosis (BAX,

BCL10, FAS, CASPASES5, APAFI), and DNA repair
(hMSH6, hMSH3, MEDI, RAD50, BLM, ATR, MREII)
[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-p (TGF-
B), 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 Chkl 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 MLH 1 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 I 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 AIMMR/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 dIMMR 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 dIMMR/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/dAMMR 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 B-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/B-catenin pathway [50]. In a phase II
clinical trial of pembrolizumab in advanced MSI-H gastric
cancer, non-responders showed frequent mutations in the
Whnt/B-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.
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Abstract: The occurrence and development of gastric cancer (GC) is determined by many factors. 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. Studies of the
clinical characteristics, molecular mechanisms and prognosis of MSI GC found specific clinicopathological features and
better prognosis in MSI GC 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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