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Abstract

of this unique GC subtype.

Gastric cancer (GC), a molecularly and phenotypically highly heterogeneous malignancy, is a leading cause of can-
cer-related deaths. The Cancer Genome Atlas (TCGA) project identifies the microsatellite instability (MSI) subtype

of GC, which has garnered increasing attention due to its relatively favorable survival outcome and better response

to immune checkpoint inhibitors (ICls). The occurrence of MSI is closely associated with the defects in mismatch repair
system, subsequently leading to the accumulation of mutations in cell genome, particularly in microsatellites. Based
on the exclusive features of MSI GC, several detection methods like immunohistology have been developed to deter-
mine MSI status clinically, with novel detection methods developing. It is clinically observed that MSI GC tends

to have a better response to ICls treatment while its response to chemotherapy is controversial, necessitating further
investigation into the underlying mechanisms. In this review, we systemically summarized the molecular features,
detection method, clinico-pathological characteristics and prognosis of MSI GC, offering a comprehensive overview
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Gastric cancer (GC) is the fifth most common type of
cancer globally and the fourth-leading cause of cancer-
related mortality [1]. Recent data has shown that gas-
tric cancer is a heterogeneous malignant disease char-
acterized by different molecular features and diverse
phenotypes. The genomic profiling conducted by The
Cancer Genome Atlas (TCGA) proposed a novel clas-
sification which classified gastric cancer into four sub-
types: Epstein-Barr virus (EBV) positive, microsatellite
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instability (MSI), genomically stable (GS), and chromo-
somal instability (CIN) [2]. Among these subtypes, 22%
of the untreated GCs were found to be MSI, which is
predominantly hypermutated, intestinal-subtype and
antrum-located in the stomach. Moreover, this subtype
had the best overall prognosis and the lowest frequency
of recurrence (22%) of the four subtypes [3].

The molecular feature of MSI GC is identified by the
insertion or deletion of nucleotides in the microsatellite
regions, which is believed to be a consequence of defects
in the mismatch repair (MMR) system [4]. Hence, in
clinical scenarios, MSI gastric cancer and dMMR gas-
tric cancer are occasionally equated. Nevertheless, it
is imperative to acknowledge that they are not entirely
intrinsically synonymous. The MMR system, composed
of a series of DNA mismatch repair enzymes, functions
as an essential system for the identification and repair of
the genetic mismatches generated during DNA replica-
tion. Hence expression loss or functional defects occur-
ring in one or more MMR machinery elements can cause
deficiency in the complex, and subsequently unsuccessful
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DNA repair. In December 1997, the American National
Cancer Institute sponsored "The International Work-
shop on Microsatellite Instability and RER Phenotypes in
Cancer Detection and Familial Predisposition” to review
and standardize the field [5]. They recommended that the
genomic instability associated with defective DNA mis-
match repair in tumors to be referred to as microsatellite
instability (MSI) [5]. A validated panel of five microsatel-
lite markers was recommended to characterize MSI sta-
tus of tumors based on the number of markers detected
as instability. High-frequency MSI (MSI-H) was recog-
nized if two or more of the five microsatellite markers
displays instability, while low-frequency MSI (MSI-L)
was recognized if only one of the five markers displays
instability. Microsatellite stability (MSS) would be the
case if none of the five markers exhibit instability. Since
the distinction between MSS and MSI-L still remains
subtle, clinical researchers tend to classify MSI-L and
MSS as one type.

Despite that MSI GC has achieved the best overall
prognosis among the four subtypes and tends to have a
better response to IClIs, its response to chemotherapy is
controversial[6, 7]. It is of great significance to explore
the tumorigenesis and development of MSI GC to inspire
clinical translations.

Microsatellite and the mismatch repair system
Microsatellite

Microsatellites (MSs), also known as Short Tandem
Repeats (STRs) or Simple Sequence Repeats (SSRs), con-
sist of repetitive DNA sequences of 1 to 6 nucleotides
[8]. These DNA motifs are widely dispersed throughout
the genome, whereas often located in close proximity to
the coding region. MSs are highly polymorphic among
populations but usually keep stable within individuals
[9]. Each MS specific site consists of a central core sur-
rounded by peripheral flanks. The counts of repeating
units in the central core determines the specificity of the
MS. When DNA polymerase slippage occurs, it triggers
a cascade of insertion or deletion of nucleotides, directly
leading to replication errors in MSs. Eventually, it gener-
ates mismatched DNA strands [4].

The mismatch repair system

The mismatch repair (MMR) system, which comprises
several functional proteins, is responsible for the rapid
response to errors in replication. It is indispensable for
providing an exact coping strategy for the replication
errors of MSs. MutS protein homologue 2 (MSH2), MutS
protein homologue 3 (MSH3), MutS protein homologue
6 (MSH6), MutL protein homologue 1 (MLH1), post-
meiotic segregation increased homologue 1 (PMS1),
and PMS1 homologue 2 (PMS2) are the main proteins
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involved in the MMR system. These proteins interact
as heterodimers. MSH2 couples with either MSH3 or
MSH6 forming MutS complex, meanwhile MLH1 cou-
ples with either PMS2 or MLH3 forming MutL complex
[4, 9]. During normal DNA replication, the heterodimeric
complexes MSH2/MSH6 recognize and bind to DNA
mismatch errors and insertion-deletion loops, while
MLH1/PMS2 heterodimers are responsible for excising
and re-synthesizing the corrected DNA bases in the mis-
match sites (Fig. 1). Expression loss or functional defects
in one or more MMR machinery elements can transform
the tumor into "mutator phenotype" with numerous
frameshift mutations in coding and non-coding MSs and
other genetic loci beyond the MSs [10]. Previous studies
have elucidated MSI cancers were associated with 100- to
1000-fold increase in mutation rates compared to MSS
cancers [11]. Owing to the repetitive sequences of MSs
that are particularly prone to replication errors, they are
gradually considered as the valuable marker for assessing
the integrity of the MMR system. In summary, MSI can
be identified as a hypermutated phenotype of genomic
MS in the presence of dIMMR machinery [12].

In spite of limited knowledge about the contribution
of MSI to the development and behavior of gastric can-
cer, other diseases featured with MSI like the Lynch syn-
drome have been well explored. Lynch syndrome is an
autosomal dominant disorder, primarily caused by ger-
mline mutations in five vital DNA MMR genes—MLH]I,
MSH2, MSH6, PMS2 and rarely PMS1. However, accu-
mulating evidence has demonstrated epigenetic modifi-
cation occupied an important position in the molecular
mechanism of Lynch syndrome. For instance, a constitu-
tional 3’-end deletion of EPCAM, which is the upstream
of MSH2, may contribute to Lynch syndrome through
epigenetic silencing of MSH2. Similar patterns have also
been observed in MSI GC. Recent study has shown that
it was the hypermethylation of MLHI, rather than ger-
mline mutations in MMR genes, that leads to MSI GC
[13]. More than 50% of MSI GCs in sporadic GCs exhibit
epigenetic hypermethylation of the hMLH1 promoter
[14, 15]. Furthermore, there were no statistical differ-
ences observed in the frequencies of MSI phenotype
and MLH1 hypermethylation between familial and spo-
radic GCs [16]. Inactivation of other MSI-related genes
has been proposed to be responsible for the remaining
cases of MSI GCs. This may provide a clue to follow up in
deeper investigation of pathogenesis of MSI GCs.

The molecular characteristics of MSI GC

In recent years, numerous studies have significantly
advanced our understanding of the molecular features
of MSI GC by identifying key genes that are promi-
nently altered in this malignancy. The MutSigCV analysis
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Fig. 1 The mismatch repair system exhibits the capability to identify errors occurring during DNA replication and proficiently rectify these

anomalies

performed by the TCGA has reported 37 significantly
mutated genes in MSI GC such as RNF43 and NF1[2].
Based on these mutated genes in MSI GC, various cel-
lular functions or pathways that are strongly linked
to tumor growth and adaption were enriched such as
DNA repair (MSH3 and MSHS6), cell signaling (TGFBR2
and ACVR2A), apoptosis (BAX), epigenetic regula-
tion (HDAC2 and ARID1A), and miRNA processing
(TARBP2 and XPO5) [9].

Mutations in genes such as KRAS, PI3K, EGFR and
MLK3, found in MSI GCs, have been systematically
researched in other malignancies characterized by MSI
like colorectal cancers [14, 17]. KRAS is one of the most
frequently mutated gene in colorectal tumors, but its fre-
quency of mutation in GCs, particularly in MSI GCs, is
still unclear. A research conducted by Brennetot. C, et al.
indicated that the presence of Ki-ras mutations in MSI

GCs showed a similar frequency of 28% (about 4% in total
GCs) to those in colorectal tumors. Notably, Ki-ras muta-
tions appeared to be absent in gastric MSS tumors but
present in colorectal MSS tumors [18]. On the contrary,
BRAF V600E mutation, which were frequently reported
in sporadic MSI colon cancers, has never been described
in MSI GCs [19]. These suggested MSI GC may possess
unique genetic qualities that can easily distinguish them
from other MSI cancers. Meanwhile, the role of com-
mon MSI-cancer-related gene mutations in MSI GCs
should be reconsidered carefully. Substantial evidence
has confirmed the crucial role of the phosphoinositide3-
kinase (PI3K)/AKT/mammalian target of the rapamycin
(mTOR) pathway in MSI GC patients. The prognosis of
MSI patients were negatively associated with the num-
ber of mutated genes in the PI3BK-AKT-mTOR path-
way (NMP). A latest study, included four independent



Zhang et al. Clinical Cancer Bulletin (2024) 3:12

cohorts of MSI-H GCs with a total sample size of 316,
reported that NMP-high (NMP > 2) patients exhibited a
poorer objective response rate (ORR, 29.4% vs. 85.7%, P
< 0.001), progression-free survival (PFS, HR = 3.40, P =
0.019), and overall survival (OS, HR = 3.59, P = 0.048)
than NMP-low (NMP = 0/1) ones upon immune check-
point inhibitors (ICIs) treatment [20].

Another team identified a cell intrinsic MSI signature
which can distinguish between MSI and MSS GCs by
transcriptomic analysis of gastric cancer patient-derived
xenografts (PDXs)[21]. The signature, composed of 123
genes with strong differential regulation, can recognize
a subset of MSS patients endowed with MSI transcrip-
tional traits, surprisingly achieving a better prognosis
than other MSS patients. This may help in developing a
better stratification for patients with MSI GC to further
optimize the therapeutic strategies.

Detection methods of MSI

At present, the frequently used detection methods for
MSI GC in clinical practice are MSI polymerase chain
reaction (PCR) and MMR immunohistochemistry (IHC).
Besides these traditional molecular biological techniques,
novel technologies are emerging, which may have enor-
mous potential to precisely and comprehensively detect
and predict the MSI status of gastric cancer patients.

MSI detection by immunohistochemistry

The initial approach for MSI detection is immuno-
histochemistry (IHC), applying the principle of anti-
gen-antibody binding reaction. This method requires
antibodies that have affinity to four key MMR proteins:
MLH1, MSH2, MSH6, and PMS2 [22]. The negative
staining of one or more of these proteins indicates MMR
deficiency [23]. Some studies brought up a concept that
IHC could be used as a “standalone” screening method
for MSI detection for its simplicity and applicability in
most pathology laboratories with moderate cost [24].
However, it should be noticed that IHC yield false-pos-
itive results in rare cases. For example, missense muta-
tions in hMLH1 or hMSH6 genes can generate abnormal
proteins whose enzymatic activity is suppressed, yet still
with normal affinity to antibodies [25].

MSI detection by polymerase chain reaction

PCR is a confirmatory molecular analysis used for MSI
detection, which could be briefly described as a compari-
son of the length of nucleotide repeats between tumor
tissue and adjacent normal tissue. Two available pan-
els, the Bethesda and Pentaplex, are generally applied
for this method so far [24]. The Bethesda panel contains
five predetermined genomic regions: two single-nucleo-
tide (BAT25, BAT-26) and three dinucleotides (D2S123,
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D5S346, and D175250). The Pentaplex panel includes five
single-nucleotide loci, including BAT-25, BAT-26, NR-21,
NR-24, and NR-27.

Three different MSI statuses are established based
on different allelic size patterns detected by PCR in the
tumor tissue compared to the adjacent normal tissue:
MSI-H, MSI-L and MSS. The MSI-H status is determined
if shift in size is found in at least two of the five micro-
satellite loci. The MSI-L is determined if shift in size is
found in only one locus out of five. MSS can be identi-
fied as no shift in tumor tissue compared to the normal
tissue [16]. As MSI-L tumors follow a similar behavioral
pattern to MSS tumors, it is always categorized into the
MSS type with no need of further testing [4].

Certainly, pros and cons are inherent to either method.
The advantages of PCR are undeniable for its extremely
high accuracy, establishing it as the gold standard for
identifying MSI status by far. Nevertheless, PCR is rela-
tively expensive and time-consuming, posing a main
obstacle for its widespread adoption in clinical practice.
On the other hand, the strengths of IHC such as its con-
venience and cheapness make it a more favorable choice
in real clinical settings currently.

MMR heterogeneity presents diagnostic challenges in
assessing MSI-H/dMMR status. IHC and PCR, as the
primary methods for detecting MSI, despite the MMR
heterogeneity, showed minimal inconsistency. A study
involving 3,228 cases of CRC confirmed the high degree
of concordance between PCR and IHC tests, with only
1.6% discordance rate [26]. As of present, considering
both clinical utility and technical maturity, IHC and PCR
remain our preferred choices.

Novel approaches

Next Generation Sequencing (NGS) was suggested by a
recent study as a potentially alternative approach to test
MSI status [27]. It achieved to be both diagnostically sen-
sitive (range from 96.4% to 100% across 3 panels) and
specific (range from 97.2% to 100%) compared to PCR.
Unfortunately, the expensiveness of NGS has limited its
clinical feasibility.

Liquid biopsy stands at the forefront of detection
methods. It has been proven that liquid biopsy could
contribute to the accurate identification and dynamic
monitoring of MSI status in a minimally invasive way.
A latest study showed tissue-based MSI results were
concordant with plasma-based results in 83% (5 out of
6) patients with available tissue sample. Additionally,
plasma-based method successfully identified one more
patient with MSI-H than tissue-based method [28]. How-
ever, due to the limited sample size, further validation is
still required.
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Moreover, with the application of new technologies
such as deep learning and artificial intelligence (Al) in
combination with tumor histomorphology in oncologi-
cal research, the accuracy and objectivity of MSI status
determination will be elevated to a higher level [29, 30].

Clinico-pathological and prognostic features

of MSI GC

MSI GC is a distinct subtype of gastric cancer that exhib-
its heterogeneity in genetics and molecular phenotypes
as mentioned above, thus determining its unique clin-
ico-pathological and prognostic features. The reported
incidence of MSI GC varies from study to study. Hause
R, et al. showed that MSI-H GC accounted for 19% of all
gastric cancers, ranking third only to endometrial cancer
(30%) and colon cancer (19%) in terms of prevalence [31].
Other studies have reported that MSI GC represented
only 8% of all gastric cancers [32].

A meta-analysis of 48 studies with 18,612 patients
enrolled, of whom 9.2% (n=1,718) were MSI-H GC
patients, revealed that MSI-H GC was associated with
female sex, older age (>65 years old), intestinal type of
Lauren classification, onset in the middle or distal stom-
ach, lack of lymph node metastases, and TNM stage
I-1I [33]. By contrast, a multinational meta-analysis that
included 121 MSI-H GC patients of 1,556 GC patients,
displayed no significant preponderance of female in
MSI-H GC [34]. They also found a significant benefit of
OS and PFS in MSI-H patients compared to MSS/MSI-L
patients with the same T stage.

Several studies have consistently explained that
patients with MSI-H GC had better prognosis than those
with MSI-L/MSS. For instance, in a secondary post hoc
analysis of the MAGIC trial, participants were assigned
into two groups based on whether they received sur-
gery alone or perioperative chemotherapy plus surgery
[35]. They found that dMMR or MSI-H was associated
with a positive prognostic effect in patients who under-
went surgery alone but a differentially negative prognos-
tic effect in those who received chemotherapy. Likewise,
in the meta-analysis mentioned above, which included
patients with resectable GC from four large clinical trials
(MAGIC, CLASSIC, ARTIST, and ITACA-S), illustrated
the MSI-H group displayed superior 5-year disease-free
survival (DFS) and 5-year OS [34]. One underlying mech-
anism to the satisfactory prognostic outcome in MSI-H
GC is probably the presence of immunosurveillance.
MSI-H tumors tend to display an enhanced infiltration
of CD8 positive-T cell, as well as CD3 [36]. It was also
discovered that high level of CD3 and CD8 presentation,
along with PD-L1 positivity, were identified as independ-
ent prognostic factors for both disease-free survival and
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overall survival, indicating that these factors may con-
tribute to the better prognosis observed in MSI-H GC.

Response to chemotherapy in MSI GC

In general, patients with MSI-H GC are more likely to
be resistant to various chemotherapeutic agents such as
6-thioguanine, temozolomide, platinum-based agents,
5-FU and topoisomerase II inhibitors like etoposide and
doxorubicin. [37]. This is probably due to the increasing
mutation rate, leaded by dMMR system, in the coding
or regulatory sequences of resistance-determined genes,
whose products are usually responsible for increasing
sensitivity to cytotoxic agents [37]. Furthermore, it has
been demonstrated that tolerance to acquired DNA dam-
age and toxic effects of chemotherapeutic agents were
conferred upon tumor by the dMMR system. The intact
MMR system is able to capture specific DNA adducts
induced by cytotoxic agents, while dMMR fails to do
so [38]. A large-scale study from Asia reached a similar
conclusion that in stage II and III gastric cancer patients,
5-FU-based adjuvant chemotherapy improved DEFS in
the MSS/MSI-L group, but not in the MSI-H group [39].
Pietrantonio F, et al. investigated the association between
MSI status and the efficacy of multimodal treatment
strategies to determine whether MSI-H patients could
benefit from perioperative or adjuvant chemotherapy
[34]. Patients were divided into four groups based on
their MSI status as well as their treatment strategy (sur-
gery alone or chemotherapy plus surgery). MSI-L/MSS
group showed benefit from chemotherapy plus surgery
in comparison with surgery alone. Conversely, no benefit
was observed in MSI-H group receiving chemotherapy.
Similar findings were corroborated in a post hoc analysis
of CLASSIC initiated by Choi, et al. [40]. Among the 592
patients included in the study, MSI-H tumors were iden-
tified in 40 patients (6.8%). While adjuvant chemotherapy
led to an enhancement in DFS among the MSS group
(5-year DFS: 66.8% vs 54.1%; P = 0.002), it did not confer
any advantage in the MSI-H group (5-year DFS: 83.9% vs
85.7%; P = 0.931). Although MSI-H esophagogastric can-
cers only share a small portion of gastric cancer, patients
with this type of cancer represent a chemotherapy-
refractory subgroup with a significantly shorter PFS on
first-line chemotherapy [41].

In summary, MSI status could be regarded as a negative
predictor of the effectiveness of chemotherapy. Whereas,
limited by the small sample size of MSI-detectable
GC patients in most existing studies, more evidence is
needed to draw a solid conclusion.

Response to ICls in MSI GC
Unlike chemotherapy, it has been widely reported that
immune checkpoint inhibitors (ICIs) are effective against
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dMMR cancers [42, 43]. A phase 2 study was performed
to evaluate the clinical efficacy of neoadjuvant nivolumab
plus ipilimumab and adjuvant nivolumab in 32 patients
with dMMR/MSI-H gastric/GE] adenocarcinoma [7].
Twenty-nine patients underwent surgery with an RO
resection and 58.6% (n=17) patients had pathologic
complete response. Moreover, this neoadjuvant therapy
based on nivolumab and ipilimumab is viable and does
not show any unexpected toxicity. A recent post-hoc
analysis of KEYNOTE-059, KEYNOTE-061, and KEY-
NOTE-062 clinical trials included patients with advanced
G/GE] cancer also drew the similar conclusion [44]. In
the KEYNOTE-059 study, pembrolizumab was used as
third-line monotherapy, and the ORR of MSI-H patients
was 57.1%. In the KEYNOTE-061 study, pembrolizumab
monotherapy was compared with paclitaxel as second-
line chemotherapy, and the ORR for pembrolizumab was
46.7% vs 16.7% for chemotherapy. In the KEYNOTE-062
study, MSI-H patients were randomized to receive pem-
brolizumab, pembrolizumab plus chemotherapy (cis-
platin and fluoropyrimidine), or chemotherapy alone.
The ORR was statistically highest in the group of MSI-H
patients receiving both pembrolizumab and chemother-
apy compared to pembrolizumab alone (64.7% vs 57.1%)
and chemotherapy alone (64.7% vs 36.8%). The research
above strongly supported the moderately clinical appli-
cation of anti-PD-1 therapies for patients with dMMR
cancers. Since less attention has been paid to the ICI
treatment for dMMR cancers in previous studies, there
is an urgent need to refine the standard and indication
of immunotherapy for MSI GC [45]. Reporting from the
phase III KEYNOTE-859 trial studying perioperative
chemoimmunotherapy in patients with HER2-negative
advanced gastric cancer was recently presented. Inter-
estingly, in the subgroup analysis of overall survival for
patients, pembrolizumab plus chemotherapy consist-
ently exhibited favorable hazard ratios (HRs) compared
to placebo plus chemotherapy, especially in patients with
MSI-H tumors [46].Researchers have attempted to eluci-
date the mechanism behind the efficacy of ICIs on MSI
cancers. A higher degree of infiltration with activated
CD8(+) cytotoxic T lymphocyte (CTL) and activated
Thl cells was observed in MSI colorectal cancers [47].
In response to the microenvironment with active CTL/
Th1 cells, MSI tumors selectively upregulated expression
of multiple immune checkpoints, including PD-1, PD-L1,
CTLA-4, LAG-3, and IDO [47]. This may explain why
MSI tumors cannot naturally be eliminated in spite of a
hostile microenvironment with active CTL/Th1 cells, but
are sensitive to immune checkpoint inhibitors.
Nonetheless, a subset of patients with MSI-H GC
may still not benefit from ICIs. Across tumor types, the
objective response rate to ICIs in MSI-H tumors appears
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to peak just above 50%, indicating inherent resistance
in nearly half of these tumors [44, 45]. Hence, identify-
ing predictive biomarkers associated with resistance to
anti-PD-1 therapies is crucial. Keigo, et al. analyzed 36
patients with MSI-H/dMMR gastrointestinal tumors
being treated with PD-1 blockade. Notably, high expres-
sion of VEGF-A might predict a negative response to ICIs
in MSI-H/dMMR patients, with significantly shorter PFS
and OS [48]. Moreover, in a phase II trial of pembroli-
zumab in patients with advanced MSI-H gastric cancer,
the investigators found response heterogeneity within
the patients. Diverse T-cell receptor repertoire, as well
as increased PD-1+ CD8+ T cells were associated with
durable clinical benefit to pembrolizumab, respectively
[49]. These findings underscore that AMMR/MSI-H het-
erogeneity may have clinical implications for response to
ICIs.

In addition to heterogeneity in dMMR/MSI-H GC,
genetic changes may be another critical factor to explain
the encoring results of ICIs efficacy on MSI cancers.
Researchers have focused on the role of gene mutations
in immunotherapy. A recent study, which analyzed 45
patients with MSI-H/dMMR gastrointestinal (GI) tumors
who received PD-1 blockade, found that patients with
low tumor mutational burdens (TMBs) had lower ORR
and significantly shorter PFS [50]. Especially, PTEN
mutations, which were mutually exclusive with a low
TMB, were significantly associated with lower ORRs.
These suggested that low TMBs and PTEN mutations
are promising predictors of a negative response to PD-1
blockade in MSI-H GI tumors. Another study provided
by Wang, et al. identified AKT1 and CDH1 mutations as
independent predictors of poor PFS and primary resist-
ance to ICIs in dMMR/MSI-H GI cancer [51].

In summary, incorporating immunotherapy into the
perioperative management strategy has shown tremen-
dous potential in the treatment for MSI GC. Research
encompassing the mechanism of how immunother-
apy effect MSI-H GC will facilitate us to better stratify
patients for customized treatment.

Discussion

In conclusion, gastric cancer with microsatellite instabil-
ity, which makes up only a small proportion of total gas-
tric cancers, is a noteworthy subtype characterized by its
unique molecular features and diverse phenotypes. MSI
GC is considered a typically hypermutated subtype with
higher TMBs. It is literally caused by the dMMR system,
resulting from mutational inactivation and epigenetic
silencing of MMR machinery elements, which subse-
quently leads to mutations in microsatellite regions or
other genetic loci beyond microsatellites. MSI cancers
can be classified into three categories: MSI-H, MSI-L
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and MSS. Several genes have been confirmed to display
significantly differential expression in MSI-H GC such
as RNF43, B2M and NF1. Genes such as KRAS and PI3K
that have been previously reported in other MSI-related
malignancies have also been found in MSI-H GC yet
with different patterns of expression. Utilizing biological
techniques like IHC and PCR can help to identify dMMR
system and determine the status of MSI in clinical prac-
tice. Novel techniques such as NGS, liquid biopsy, deep
learning classifier and Al that can significantly improve
the specificity and sensitivity of detection, may be widely
applied in clinical settings in the near future. MSI GCs
show exclusive clinico-pathological characteristics and
are particularly associated with female sex, older age,
intestinal type of Lauren classification, middle or distal
location, no lymph node involvement and TNM stage
I-1I. As for the treatment, MSI-H GC presents a satis-
factory response to ICIs, while not to chemotherapeutic
agents. Possible explanations for this could be owing to
the enhanced immune response in the microenviron-
ment and genetic changes in crucial genes like AKT1
and CDHI1. Clinical trials such as KEYNOTE-059, KEY-
NOTE-061, and KEYNOTE-062 all reached a similarly
encouraging result that anti-PD-1 therapy could help
MSI GC patients to have better prognosis. Plenty of
attempts have been made to identify predictive mark-
ers of the efficacy of immunotherapy in MSI-H patients.
Due to the increased mutation rate in resistance-related
genes leaded by dMMR system, a majority of MSI-H GC
patients exhibit resistance to the standard chemother-
apy. However, the application value of cytotoxic agents
on MSI-H cancer is still unclear due to varying efficacy
results ranging from detrimental to beneficial effects.
Further research is required to gain deeper insights into
the tumorigenesis, growth and response to microenvi-
ronmental stimulus of MSI GC, in order to define the
best treatment strategy tailored to the individual.

An increasing number of studies have revealed that the
percentage of MSI-H patients who could gain prognos-
tic benefits or symptom alleviation from ICIs treatment
was less than 50%. The heterogeneity of MSI-H malig-
nancy is highly suspected to be the reason of the dis-
tinct efficacy of ICIs treatment among different MSI-H
patients. To deal with this, an accurate and comprehen-
sive stratification for MSI GCs, based on the intrinsic
properties of the tumor in genetic, epigenetic, metabolic
and immunological levels, need to be developed to
aid the precise treatment for patients with MSI GCs.
In 2015, researchers from the Asian Cancer Research
Group (ACRG) integrated clinical follow-up data and
gene expression profiles to derive a molecular classifi-
cation scheme for gastric tumors, mainly based on the
MSI status, which is composed by four subtypes: MSI-H,
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MSS/TP534+, MSS/TP53- and MSS/EMT. Survival analy-
sis illustrated a substantial difference in OS among four
subtypes, in which the MSI-H subtype achieved the best
prognosis, followed by MSS/TP53+ and MSS/TP53-,
with the MSS/EMT subtype presenting the worst prog-
nosis (p=0.0004). This was then validated by three more
independent cohorts: Samsung Medical Center cohort 2
(SMC-2, n=277), Singapore cohort (n=200) and TCGA
gastric cohort (n=205) [3]. Another study utilized the
non-negative matrix factorization (non-nMF)-based
consensus clustering to divide stomach adenocarcinoma
(STAD) with MSI-H status into two subtypes: MSI-H1
and MSI-H2. Although there was no significant differ-
ence in clinical characteristics between two groups, MSI-
H1 had a much poorer prognosis than MSI-H2 subtype
with a shorter DFS and OS. They further elaborated the
worse prognosis observed in MSI-H1subgroup might be
related to the enrichment of inhibitory immune receptors
and chemokines, manifesting as a bulk of suppressive
immune signatures detected in differential expression
analysis [52]. Moreover, the role of heterogeneity in MSI
tumors remains to be investigated, as it has been reported
that dMMR fraction in MMR heterogeneous tumors
could act as an endogenous cancer vaccine by promot-
ing immune surveillance [53]. These findings established
a consistent and unified framework for later clinical and
pre-clinical translational research in this field, and at the
same time they reminded us that the underlying hetero-
geneity in MSI GC patients urgently needs to be further
explored and better interpreted for the development of
rational therapeutic regimens and the amelioration of
side effects for these patients.

As previously mentioned, the epigenetic silencing of
MLH1 rather than germline mutation was highly sus-
pected to be responsible for MSI GC. It highlighted a
perspective that epigenetic regulation might play a vital
role in the occurrence of MSI GC. A latest study has
demonstrated gastrointestinal (GI) tract adenocarcino-
mas displayed a relatively high frequency of CpG island
methylator phenotype (CIMP), thus could be categorized
into two subgroups based on CIMP status: CIMP-Low
(CIMP-L) and CIMP-High (CIMP-H) [54]. In this study,
although upper GI tract and proximal colon were both
affected by CIMP-H, the epigenetic silencing of MLH1
was mainly observed in the distal stomach and proxi-
mal colon. Additionally, within the proximal stomach
and esophagus, only 14% (4 out of 29) CIMP-H tumors
showed MLHI1 epigenetic silencing and MSI, yet 79%
(23 out of 29) were MSS and CIN. This provided a clue
that the epigenetically related occurrence of MSI might
have its “favorable” location in the stomach. Even though
there is a growing body of research focusing on MSI GCs
from multidimensional aspects, the knowledge about the
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molecular mechanism of MSI GC development is still
superficial and incomprehensive. Further studies are des-
perately needed to fill in the blanks.
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