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Abstract: During the process of DNA replication, insertions or deletions of repeat sequences easily occur in micro-
satellites due to DNA polymerase slippage in instances of defective mismatch repair; this phenomenon is known 
as microsatellite instability. Based on genetic profiling, microsatellite instability gastric cancer is regarded as a 
separate subtype of gastric cancer that is associated with old age, the female sex, a distal gastric location, and a 
lower number of lymph node metastases. According to numerous retrospective studies, microsatellite instability 
is a favourable predictive marker for prognosis. However, during the perioperative period, gastric cancer patients 
with microsatellite instability after chemotherapy often exhibit a poor and unfavourable prognosis. This result still 
remains controversial. The efficacy of adjuvant chemotherapy in microsatellite instability-high tumours ranges from 
detrimental to beneficial effects. Due to the widespread expression of immune checkpoint molecules (such as pro-
grammed death-1 and programmed death-ligand 1) in tumours with microsatellite instability, immune checkpoint 
inhibitors have been utilized to treat microsatellite instability gastric cancer and tremendously improve the efficacy 
of treatment and survival of microsatellite instability patients. In this review, we attempt to outline the definitions 
of microsatellites and microsatellite instability, the methods used to screen for microsatellite instability, the clinical 
characteristics of microsatellite instability gastric cancer, and its responses to chemotherapy and immune check-
point inhibitor treatment. Overall, determining the status of microsatellites is essential before developing a tailored 
treatment strategy for patients with microsatellite instability gastric cancer.
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Introduction 

Gastric cancer (GC) remains among the most 
common malignancies worldwide [1]. However, 
improved awareness of disease prevention, 
advanced detection methods, improved surgi-
cal techniques and effective chemotherapy 
drugs have all contributed to fight against this 
cancer. The incidence of GC has significantly 
decreased over the past 10 years, and the 
overall survival (OS) of GC patients has clearly 
improved. Unfortunately, GC remains to be the 
third leading cause of cancer-related deaths 
and has a poor prognosis [2-5]. According to 
related research, the prognosis of GC may not 

only depend on the stage of the disease, but 
may also be related to specific molecular bio-
logical characteristics [6, 7]. In fact, in 2014, 
the genetic characteristics of GC were described 
by The Cancer Genome Atlas (TCGA) Research 
Network, confirming that GC is a complex, het-
erogeneous disease. Based on the classifica-
tion of TCGA Research Network, GC is divided 
into the following 4 subtypes (as shown in Table 
1): (1) tumour-positive Epstein-Barr virus (EBV) 
infection; (2) microsatellite instability (MSI); (3) 
genome stable; and (4) chromosome unstable. 
MSI GC is identified as a separate GC entity. In 
Western countries, this type of GC accounts for 
22% of the total number of GC cases [6]. MSI is 
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Table 1. Four gastric cancer subtypes described by TCGA, occurrence frequencies and main charac-
teristics [6]
TCGA gastric cancer subgroups Frequency (%) Main characteristics
Epstein-Barr virus 9 EBV-CpG island methylator phenotype (CIMP)

PD-L1/2 overexpression
PIK3CA mutation
CDKN2A silencing
Immune cell signaling

Microsatellite instability 22 Hypermutation
Gastric-CIMP
MLH1 silencing
Mitotic pathways

Genomically stable 20 Diffuse histology
CDH1, RHOA mutation
CLDN18-ARHGAP fusion
Cell adhesion

Chromosomal instability 49 Intestinal histology
TP53 mutation
RTK-RAS activation

EBV, Epstein-Barr virus; MSI, Microsatellite instability; GS, Genomically stable; CIN, Chromosomal instability.

defined as a type of genomic instability in which 
functional deficiency of the mismatch repair 
(MMR) system causes insertions and deletions 
of bases within microsatellites during DNA rep-
lication [8]. In many malignancies, the results 
of MSI testing are considered an effective pre-
dictor of patient prognosis and responsiveness 
to chemotherapy and immunotherapy. In most 
hereditary nonpolyposis colorectal cancers 
(HNPCCs), the MSI phenotype is a distinctive 
feature that can help distinguish it from spo-
radic colorectal cancer [9]. In sporadic colorec-
tal cancer, approximately 15% of patients 
exhibit MSI. Patients with MSI-high (MSI-H) 
colorectal cancer usually exhibit an improved 
prognosis and less aggressive biological behav-
iour but a poor response to 5-FU-based chemo-
therapy [10-12]. One proposed hypothesis sug-
gested that, perhaps, chemotherapeutic drugs 
can attenuate inherent anti-tumor immunity of 
MSI-H patients. Another theory also proved 
that it is related to “injury-excision futile cycle” 
[13-16]. Due to the lack of MMR proteins in 
MSI-H patients, the DNA adducts that are 
formed by chemotherapeutic drugs could not 
be recognized by MMR proteins, which could 
not lead to chemotherapy-induced cytotoxic 
injury-excision futile cycle. Therefore, MSI-H 
patients have lower responsivity to chemother-
apy strategy. However, recent studies revealed 
that the correlation between MSI-H status and 

the efficacy of adjuvant chemotherapy is still 
controversial. MSI-H GC patients who received 
adjuvant chemotherapy displayed significantly 
better prognosis than those suffering from mic-
rosatellite stability (MSS) [17-19]. Therefore, 
MSI-H status can be applied as a useful predic-
tor, so as to predict the efficacy of adjuvant che-
motherapy in colorectal cancer, but a large 
cohort of further studies still need to be done 
for the assessment of the correlation between 
MSI-H status and adjuvant chemotherapy effi-
cacy in GC. Although the MSI-H phenotype has 
been identified as a predictive and prognostic 
factor of colorectal cancer, the relationship 
between the MSI phenotype and the clinical 
and pathological characteristics of GC has not 
been elucidated. Recently, studies have shown 
that patients with MSI-H tumours often also 
exhibit a considerable burden of mutation and 
that MSI in the coding sequences of genes is 
very likely to cause the production of aberrant 
proteins (such as truncated proteins) that are 
exogenous, novel antigens that can lead to spe-
cific immune responses favourable to progno-
sis [20]. Furthermore, studies have revealed 
that MMR deficiency may be a beneficial pre-
dictor of the clinical therapeutic effects of 
immune checkpoint inhibitors (ICIs) as the 
MSI-H phenotype is positively correlated with 
the expression of programmed death-ligand 1 
(PD-L1) [21, 22]. Programmed death-1 (PD-1) 



Gastric cancer with microsatellite instability

4125 Am J Cancer Res 2020;10(12):4123-4133

and PD-L1 are negative immunoregulators. The 
combination of PD-1 on the surface of cytotoxic 
T lymphocytes (CTLs) and PD-L1 on the surface 
of tumor cells can inhibit the specific anti-tumor 
immune response, thus achieving the purpose 
of tumor cells immune escape. Therefore, the 
blockade of PD-1/PD-L1 pathway may trigger 
the activation of CTLs-mediated specific anti-
tumor immune response again pharmacologi-
cally. Pembrolizumab is considered as anti-
PD-1 monoclonal antibody, so, its efficacy in 
patients with non-colorectal MSI-H/deficient-
MMR (dMMR) cancer was endorsed in Phase II 
KEYNOTE-158 trail, including 233 patients  
with 27 tumour types [23]. A total of 80 patients 
with non-colorectal MSI-H/dMMR cancer ob- 
tained clinical benefits from anti-PD-1 therapy 
with pembrolizumab. In this review, the evi-
dence regarding the association between the 
MSI-H phenotype and GC is summarized, and 
special emphasis is placed on the molecular 
biological characteristics, clinical manifesta-
tions, prognosis, and effects of chemotherapy 
and ICIs observed in MSI GC.

Microsatellites and MSI

Microsatellites are also known as simple 
repeats or short tandem repeats, and their 
repetitive units are composed of 1-6-nucleo-
tide DNA motifs [24]. Microsatellites are widely 
distributed in the human genome and account 
for approximately 3% of the total genome.  

Since microsatellites are composed of repeti-
tive DNA sequences, insertions or deletions of 
repeated units easily occur within microsatel-
lites due to DNA polymerase slippage during 
DNA replication. In this case, if the MMR sys-
tem is deficient, these aberrations are not iden-
tified and repaired, leading to the changes of 
microsatellites length called MSI phenotype 
[25]. 

Diagnostics of MSI 

The polymerase chain reaction (PCR) amplifica-
tion of microsatellite markers with specific 
primers has been widely employed as a  
mainstream method to evaluate MSI. In 1997,  
the American National Cancer Institute (NCI)  
recommended a panel of 5 microsatellite mark-
ers (BAT-25, BAT-26, D2S123, D5S346 and 
D17S250) to check MSI status [26]. By compar-
ing the variation size in microsatellites between 

tumour and normal tissues, MSI can be evalu-
ated as a “shift” with only one microsatellite or 
more microsatellites. However, in subsequent 
studies, researchers observed that dinucleo-
tide markers (D5S346, D2S123 and D17S250) 
have been shown to be less sensitive and spe-
cific than mononucleotide markers in the detec-
tion of MMR deficiency [27]. Therefore, in 2002, 
the HNPCC seminar suggested that dinucleo-
tide markers should be replaced by mononu- 
cleotide markers [28] and an ideal panel of  
5 mononucleotide markers (BAT-25, BAT-26, 
NR-21, NR-24 and NR-27) was created for MSI 
detection [25]. Among these 5 MSI markers, if 
two or more microsatellite markers show insta-
bility, the mutations are defined as MSI-H; if 
only one microsatellite site shows a mutation, it 
is considered MSI-low (MSI-L); and MSS indi-
cates no mutation site [26].

Immunohistochemistry (IHC) is widely used to 
detect the lack of MMR proteins (MLH1, MSH2, 
MSH6 and PMS2). These proteins are usually 
positively expressed in normal nuclei on IHC. 
The loss of protein expression indicates the 
occurrence of MMR deficiency, providing indi-
rect evidence of MSI. In MSI detection, IHC and 
PCR show a high degree of consistency (≥90%) 
[29], and these methods are complementary.  

Clinicopathological characteristics of MSI gas-
tric cancer

In 2014, the genetic characteristics of GC were 
described in detail. According to genotype pro-
filing, GC was classified into 4 subtypes, and 
the MSI type was an independent subtype [6]. 
MSI GC has been described as having a high 
rate of mutation in the gene coding region, 
involving signalling pathways associated with 
tumorigenesis, such as PIK3CA, ERBB3 and 
EGFR genes, and MLH1 gene promoter methyl-
ation leading to MLH1 gene silencing [6, 30]. 
The MSI phenomenon is usually detected in 
colonic and endometrial cancer. This phenom-
enon has also been detected in GC, and the 
clinicopathological characteristics of MSI GC 
have been reported [31-34]. A recent meta-
analysis of MSI GC was reported. This meta-
analysis systematically investigated the rela-
tionship between MSI and the clinicopathologi-
cal characteristics and OS of GC patients [34]. 
This meta-analysis included 48 studies, involv-
ing a total of 18612 gastric cancer patients. Of 
all patients, 9.2% showed MSI (1718 of 18612). 
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In this cohort of patients, more women showed 
MSI than men. A clear relationship exists 
between the status of MSI and an age of 65 
years or older. The risk of MSI in the intestinal-
type is greater than that in fuse/mixed-type GC. 
A significant relationship exists between the 
status of MSI and the position of the middle/
low stomach. A significant relationship exists 
between MSI and the absence of lymph node 
metastasis. A clear relationship exists between 
MSI and TNM stage I and/or II at diagnosis. 
According to this meta-analysis, the pooled 
hazard ratio (HR) of the OS of patients with MSI 
versus those with non-MSI GC was 0.69 (P < 
0.001). MSI GC patients are associated with 
better OS. KRAS mutations are important for 
determine the efficiency of EGFR-targeted anti-
bodies in metastatic colorectal cancer [35]. 
KRAS mutations have important effects on cell 
proliferation and inhibition of apoptosis due to 
dysregulation of the MAPK signalling pathway. 
Therefore, Karol Pollom et al. analysed the role 
of KRAS mutations in MSI GC based on 595 GC 
patients. These researchers found a total of 24 
patients with KRAS mutations, including 18 
patients with MSI and 6 patients with MSS. The 
MSI patients with KRAS mutations were older, 
most of these patients were female, and these 
patients had a better prognosis. In contrast, 
the MSS patients with KRAS mutations show- 
ed a more advanced TNM stage, and these 
patients had a worse prognosis and results fol-
lowing treatment [36]. The effect of the status 
of MSI on OS was also assessed. The median 
OS of the MSS was 10 months, while the medi-
an OS of the MSI patients was 108 months (P < 
0.001) [36]. Many studies have shown that a 
positive correlation exists between the histo-
logical intestinal type and the MSI phenotype, 
while diffuse and mixed histology GC are rarely 
associated with MSI GC, further demonstrating 
that the MSI phenotype is usually associated 
with a better prognosis [34]. In sporadic MSI 
colorectal cancer, the BRAF V600E mutation 
due to MSI is frequently reported, but the BRAF 
mutation has never been reported in MSI GC 
[30]. Furthermore, it is well-known that the 
hypermethylation of the MLH1 gene promoter 
region caused by H. pylori infection is closely 
related to MMR deficiency in GC, resulting in 
the status of MSI-H [37]. MSI-H tumours often 
have a high burden of mutation. Compared with 
MSS tumours, MSI-H tumours have the poten-
tial to encode novel, non-self antigens, subse-

quently attracting more lymphocytes to accu-
mulate in the tumour, thereby inducing a strong 
immune response (Figure 1).

However, interferon γ released by CTLs can fur-
ther induce tumour cells and immune cells to 
express PD-L1 [38]; therefore, the combination 
of PD-1 and PD-L1 can inhibit the immune 
response mediated by CTLs (Figure 2).

Tadayoshi Hashimoto et al. detected the 
expression of MLH1 and PD-L1 in 285 patients. 
These researchers observed that 85.7% of the 
28 patients with MLH1-negative GC showed an 
MSI-H phenotype, but these patients showed  
a higher expression of PD-L1 than the ML- 
H1-positive tumour patients [39], which can 
achieve immune escape. The immune evalua-
tion of the microenvironment in dMMR tumours 
showed the intensive aggregation of tumour 
infiltrating lymphocytes and the extensive ex- 
pression of immune checkpoint molecules, 
such as PD-L1, LAG-3, IDO, and CTLA4 [40, 41].

Response of MSI GC to chemotherapy

Numerous studies have been conducted to 
define the prognostic role of MSI-H. Tadayoshi 
Hashimoto et al. found that 85.7% of MLH1 
negative patients showed an MSI-H phenotype 
and that these patients were significantly less 
likely to respond to pre-operative chemothera-
py than patients with MLH1-positive tumours. 
These researchers hypothesized that ICIs might 
be more suitable for patients with MLH1-
negative tumours [39]. JY et al. analysed 1990 
patients with GC and found that in MSS/MSI-L 
patients with stage II or III GC, adjuvant chemo-
therapy based on 5-FU showed better disease-
free survival. However, this study did not show 
any benefit among patients with MSI-H GC. The 
status of MSI in GC appears to be a possible 
guideline for the 5-FU-based chemotherapy 
drugs in stage II or III GC [42]. Similarly, in 2015, 
Kim et al. [43] observed a similar result as  
follows: the prognosis of stage II MSI-H GC 
patients was significantly worse after they re- 
ceived chemotherapy. Therefore, these resear- 
chers believed that the MSI-H phenotype  
is related to good prognosis, but the progno- 
stic value of MSI-H can be attenuated by  
chemotherapy. To determine the correlation 
between MSI and survival among patients 
receiving chemotherapy, a Medical Research 
Council Adjuvant Gastric Infusional Chemo- 
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Figure 1. Immune microenvironment of MSI and MSS tumours. A. MSI tumours have a high mutation burden with a 
large number of T cells infiltrating the tumour tissue; B. MSS tumours often show a low mutation burden rarely with 
tumour infiltrating lymphocytes in the tumour tissue.

therapy (MAGIC) trial was conducted [44]. In 
this study, the total survival time of MSI-H or 
dMMR patients who only underwent surgery 
was dramatically longer than that of MSS or 
MSI-L patients. However, the overall median 
survival time of MSI-H or dMMR patients receiv-
ing surgery plus chemotherapy was obviously 
lower than that of MSS or MSI-L patients (9.6 vs 
19.5 months). These researchers believed that 
the MSI-H status was related to a positive prog-
nostic outcome in patients undergoing surgical 
operation alone and that the determination  
of MSI-H or dMMR could be applied to screen 
patients for perioperative chemotherapy. Be- 
sides MSI-H status, the prognostic role of MSI-L 
status was also explored in GC. In 2020, Dan 
Jiang et al. analyzed the prognosis of 96 GC 
patients with MSI status, including 12 MSI-L 
patients. The result showed that 83.3% MSI-L 
GC patients were assessed as poor response 
to neoadjuvant chemotherapy. Compared with 

MSS tumour patients, MSI-L patients present-
ed poor disease-free survival (DFS) (P=0.018) 
with a HR of 2.839 [45]. In a cell experiment, 
the ability of MMR proteins to induce cell death 
after binding to 5-FU was indicated to be 30 
times higher than that of MMR deficiency [46].  

One proposed hypothesis suggests that MSI-H 
GC shows a negative therapeutic response to 
chemotherapy due to the negative effect of 
chemotherapy on the immune system, which 
can reduce the inherent positive effect of the 
MSI-H phenotype on prognosis. The detailed 
molecular mechanism of this effect has also 
been explored. Due to the formation of DNA 
adducts induced by chemotherapeutic drugs, 
various type of DNA damage, such as base mis-
match, intra-strand cross-linking or inter-strand 
cross-linking, can be induced. Then, MMR pro-
tein can recognize such DNA damage and lead 
to iterative rounds of MMR known as futile 
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Figure 2. Mechanism of tumour immune escape and targeted therapy with immune checkpoint inhibitors against 
MSI. A. CD8-positive T cells attack tumour cells; B. When PD-L1 on the surface of tumour cells combines with PD-1 
on the surface of CD8-positive T cells, the immune escape mechanism is activated; C. Immune checkpoint inhibitor 
(the anti-PD-1/L1 antibody) blocks the binding of PD-1 and PD-L1, thus activating the specific immune response 
mediated by CTLs.

cycling, apoptosis, cell cycle arrest, and autoph-
agy through different signalling pathways [13-
16]. Therefore, in the clinic, the use of chemo-
therapy for GC should receive sufficient atten-
tion. Before the formulation of chemotherapy 
strategies, the clinical characteristics and 
molecular phenotypes of patients should be 
evaluated in detail, and individualized treat-
ment strategies should be more widely applied 
in clinical practice.

However, recently, with the increase of depth 
and breadth of MSI GC researches, it was found 
that using MSI status to predict the response of 
MSI GC to chemotherapy is disputable. In 2019, 
a large-scale meta-analysis, including 1174 GC 
patients (84 MSI-H and 1090 MSS/MSI-L 
patients) was performed [17]. No correlation 
exists between MSI status and the efficacy of 
adjuvant chemotherapy for GC. Similarly, the 
predictive value of MSI-H for adjuvant chemo-
therapy in large groups of GC patients was 
assessed by Jin won Kim in 2020 [18]. In an 
analysis consisting of 162 MSI-H patients, 
adjuvant chemotherapy exhibited a significant 

improvement on DFS and OS (P=0.047 and 
P=0.043, respectively). In 2019, Georg Martin 
Haag et al. obtained a similar result that MSI-H 
GC patients undergoing adjuvant chemothera-
py illustrated a significantly better OS com-
pared with MSS tumors (P=0.014), indicating 
that the MSI-H status is a favorable prognostic 
indicator in GC patients experiencing neoadju-
vant treatment [19]. 

Therefore, MSI status can effectively predict 
the efficacy of chemotherapy in colorectal can-
cer patients, but the correlation between them 
in GC is still debatable. More prospective stud-
ies are necessary to investigate the predictive 
role of MSI status for chemotherapy response 
in GC. 

Response of MSI GC to immunotherapy

ICIs, such as anti-PD-1 monoclonal antibodies 
(e.g., nivolumab and pembrolizumab) and anti-
CTLA-4 monoclonal antibodies (ipilimumab), 
have been widely used in the targeted treat-
ment of cancer. As previously mentioned, 
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because of the high mutation burden in MSI-H 
tumours, the mismatch, deletion and insertion 
of bases easily occur in the coding regions of 
genes, which may result in the expression of 
abnormal proteins. These abnormal endoge-
nous proteins (peptides) are presented on the 
cell surface by major histocompatibility com-
plex (MHC) I, and CTLs are recruited and infil-
trate tumour tissue to recognize and kill tumour 
cells. However, interferon γ released by CTLs 
can induce tumour cells to express PD-L1. PD-1 
and PD-L1 are negative immunoregulation fac-
tors. The combination of PD-L1 on the surface 
of tumour cells and PD-1 on the surface of CTLs 
can inhibit the specific antitumor immune 
response of CTLs to achieve immune escape of 
tumour cells. 

With the help of ICIs, the immune response can 
be activated again, and the tumour can subse-
quently be treated based on the fact that the 
PD-L1/PD-1 pathway can be blocked pharma-
cologically. ICIs have achieved exciting clinical 
outcomes in advanced melanoma and colo- 
rectal cancer [21]. Relevant studies have  
also been performed in GC. In 2016, the 
KEYNOTE-012 trial was established to assess 
the safety and activity of the PD-1 antibody 
pembrolizumab against recurrent or metastatic 
gastric or gastroesophageal junction adenocar-
cinoma positive for PD-L1. Among 39 patients, 
8 patients (22%) were determined to have an 
overall response [22]. In the Keynote-059  
trial, 295 patients with GC or advanced gastro-
esophageal junction adenocarcinoma were 
treated with pembrolizumab. Among these 
patients, 57% were determined to be positive 
for PD-L1. The objective response rate and 
median (range) response duration were both 
superior to those of patients with PD-L1-
negative tumours. Regarding MSI-H, the objec-
tive response rate (57%) is more obvious. 
Therefore, pembrolizumab was authorized by 
the FDA for the therapy of GC positive for PD-L1 
with pre-treatment metastasis in 2017 [47]. 
Nivolumab, which is another PD-1 fully human 
IgG4 monoclonal antibody inhibitor of PD-1, 
has also been evaluated in patients with 
advanced GC or gastro-oesophageal junction 
cancer [48]. Compared with the placebo group, 
the median OS period and 12-month OS rates 
were both increased in the nivolumab group. 
Moreover, nivolumab was helpful in prolonging 
the median OS of the patients regardless of the 

positive or negative expression of PD-L1 [48]. 
Likewise, the efficacy and safety of ICIs were 
also investigated in advanced GC or gastro-
esophageal junction cancer by Cong Chen [49]. 
Briefly, MSI-H patients exhibited higher objec-
tive response rate and disease control rate 
than MSS patients. Meanwhile, anti-PD-1/
PD-L1 therapeutic strategy was more effective 
for patients with EBV+, MSI-H, PD-L1+ or high 
tumor mutational burden. In metastatic GC 
patients, comprehensive molecular character-
istics of clinical responses to PD-1 inhibitors 
were depicted [50]. Remarkable response  
to pembrolizumab was observed in MSI-H 
patients, (overall response rate 85.7%), which 
was consistent with above outcomes. The com-
bination of nivolumab and ipilimumab (anti-
CTLA-4 antibody) has also been applied in the 
checkmate 032 study, and this combination 
showed the increased benefits for patients 
positive for PD-L1 [51]. However, the efficacy of 
ICIs in MSI-H GC may not be as good as that 
reported in colorectal cancer due to the small 
sample size. In the future, research investi- 
gating the efficacy of ICIs in MSI-H GC is 
warranted.

Future prospects

MSI-H/dMMR status may not be the only indi-
cator of the application of ICIs or may not be  
an accurate indicator. Compared with MSI-H/
dMMR or the level of PD-1/PD-L1 expression, 
tumor mutation burden (TMB) is emerging as a 
more accurate, comprehensive, powerful and 
potential biomarker for the prediction of the 
efficacy of ICIs, because there is an inconsis-
tency between MSI-H/dMMR status and TMB. 
Most patients with MSI-H/dMMR had high TMB 
levels. However, not all patients with high TMB 
levels presented MSI-H/dMMR or high PD-1/
PD-L1 expression [52]. Therefore, the detec-
tion of TMB levels would be more required indi-
cator for immunotherapy application. In term of 
MSI detection methodology, PCR is still a main-
stream technology. But recently, next genera-
tion sequencing (NGS)-based comprehensive 
detection technology appeared in many labora-
tories for the diagnosis of cancers and the 
establishment of therapeutic regimens. As a 
potential detection type, NGS can not only eval-
uate MSI status, but also determine TMB, so, it 
is thought to be a larger advantage. Otherwise, 
PD-1/PD-L1 expression, the number of tumour 
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infiltrating lymphocytes, and other immune 
checkpoint molecules expression such as 
PD-L2 and CTLA-4 also need to be paid enough 
attention. The combination of different types of 
ICIs may be more effective than a single ICI. 
The combination of immunotherapy plus che-
motherapy as the first-line treatment may pro-
vide promising treatment results for advanced 
GC with PD-L1 positive and MSI-H [53]. In the 
future, comprehensive and thorough analysis 
of MSI-H/dMMR status, TMB, PD-1/PD-L1/
PD-L2/CTLA4 expression and the number of 
tumour infiltrating lymphocytes would be more 
helpful, important and accurate for the pre- 
diction of response to immunotherapy for 
patients. All these lay the foundation for the 
development of individualized precise treat-
ment strategy.

Conclusions

Microsatellites, also known as short tandem 
repeats, are widely distributed in the genome. 
In the process of DNA replication, insertions 
and deletions of bases are common. In the 
presence of MMR protein, these replication 
errors can be recognized and corrected. 
However, the MMR protein loses its function of 
recognizing and correcting replication errors if 
it is defective, which leads to MSI. Moreover, 
MSI occuring in regions for gene coding regions 
often leads to the production of abnormal novel 
antigens. GC is among the most aggressive 
malignant tumours with high metastatic poten-
tial. According to the Cancer Genome Atlas 
research network, GC is divided into four sub-
types, including MSI GC. MSI GC has a unique 
immune microenvironment and therapeutic 
response that is mainly related to old age, the 
female sex, a distal gastric location and the his-
tological intestinal type. However, for MSI GC, 
chemotherapy often leads to adverse actions, 
which may be observed because chemothera-
py drugs can attenuate the inherent antitumor 
immune response of MSI GC. Because MSI 
tumours often have more immune checkpoint 
molecules (e.g., PD-1, PD-L1 and PD-L2), these 
results suggest that immunotherapy based on 
ICIs may be an effective treatment strategy for 
MSI GC. Therefore, determining the status of 
MSI may help the development of individual-
ized and tailored treatment strategies for GC 
patients.
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