
Cancer Treatment Reviews 95 (2021) 102175

Available online 1 March 2021
0305-7372/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Anti-tumour Treatment 

Microsatellite instability in Gastric Cancer: Between lights and shadows 

Elisabetta Puliga a,b,*, Simona Corso a,b, Filippo Pietrantonio c, Silvia Giordano a,b,* 

a Department of Oncology, University of Torino, Candiolo, Italy 
b Candiolo Cancer Institute, FPO-IRCCS, Candiolo, Italy 
c Medical Oncology Department, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy   

A R T I C L E  I N F O   

Keywords: 
Gastric cancer 
Microsatellite Instability 
Immunocheckpoint inhibitors 
Clinical trials 
Molecular subtypes 

A B S T R A C T   

Gastric cancer (GC) represents an important contributor to the global burden of cancer, being one of the most 
common and deadly malignancies worldwide. According to TCGA and ACRG classifications, the microsatellite 
instable (MSI) group represents a significant subset of GCs and is currently in the limelight of many researches 
due to its favorable survival outcome in resectable stages compared to microsatellite stable tumors. MSI GCs 
hypermutated phenotype triggers immunosurveillance, making this molecular subgroup a promising candidate 
for immune checkpoint inhibitors treatment. Conversely, conflicting outcomes have been reported in chemo
therapy settings. Due to the clinical relevance of these observations, in this review we report and discuss the 
molecular, pathological, prognostic, and predictive features of MSI gastric tumors.   

Introduction: MSI as a well-defined GC subtype 

Gastric cancer (GC) is a heterogenous disease which currently rep
resents the sixth most common malignancy worldwide and one of the 
leading cause of cancer mortality [1]. Recently, the genomic approaches 
directed to a deeper knowledge of GC molecular biology revealed the 
complexity and the heterogeneity of this disease. 

The Cancer Genome Atlas (TCGA) and the Asian Cancer Research 
Group (ACRG) have made significant efforts to categorize GC molecular 
subtypes. The molecular classification proposed by TCGA encompasses 4 
molecular GC subtypes: i) Epstein Barr Virus positive (EBV) GCs with 
associated DNA hypermethylation, ii) GCs with microsatellite instability 
(MSI), endowed with high mutational load and hypermethylation, iii) 
genomically stable (GS) GCs displaying alterations in genes encoding for 
proteins involved in cell adhesion and iv) GCs with chromosomal 
instability (CIN), with marked aneuploidy and frequent focal amplifi
cation of receptor tyrosine kinases [2]. In parallel, also the ACRG pro
vided a new molecular classification, identifying four subtypes: i) 
Microsatellite unstable (MSI) GCs, ii) Epithelial-to-mesenchymal tran
sition (EMT) GCs, iii) Microsatellite stable GCs with intact TP53 activity 
(MSS/TP53+) and iv) Microsatellite stable GCs with loss of TP53 ac
tivity (MSS/TP53− ). A remarkable feature of ACRG classification is the 
ability to correlate each molecular subgroup with clinical outcomes and 
distinct recurrence patterns [3]. Despite the different GC cohorts 

analyzed and the variety of molecular approaches applied, both studies 
were able to discriminate the MSI subgroup as a specific and well- 
defined GC entity. 

Microsatellites (MS) are short tandem repeats (1–6 nucleotides) 
scattered through the whole genome, prone to a high mutation rate. 
Thus, MSI is defined as a hyper-mutable phenotype that occurs at 
genomic MS in the presence of a deficient DNA mismatch repair (dMMR) 
machinery [4]. The mismatch repair system is an extensively conserved 
cellular process involved in the identification and repairing of mis
matched bases, likely due to errors arisen during DNA replication, ge
netic recombination or chemical/physical insults [5]. The MMR 
machinery consists in a series of DNA mismatch repair enzymes, namely: 
MutL homolog 1 (MLH1), MutL homolog 3 (MLH3), MutS homolog 2 
(MSH2), MutS homolog 3 (MSH3), MutS homolog 6 (MSH6), post 
meiotic segregation increased 1 (PMS1), and post meiotic segregation 
increased 2 (PMS2). During normal DNA replication, the heterodimeric 
complexes MSH2/MSH6 and MSH2/MSH3 detect and bind small DNA 
mismatch errors while MLH1/PMS2 heterodimers are responsible for 
the excision and re-synthesis of the corrected DNA bases in the mismatch 
sites. Loss of expression or defects in one or more MMR machinery el
ements determine the deficiency of the complex and the consequent 
unsuccessful repair of the DNA (Fig. 1). 

A growing body of evidence has revealed that the MSI status in GC is 
positively correlated with a better survival compared with the MSS 
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counterpart [3,6]. Additionally, due to their intrinsic mutational 
burden, increased inflammation and expression of immune checkpoints, 
such as the programmed death-ligand 1 (PD-L1), MSI tumors exhibit 
promising molecular hallmarks of potential sensitivity to cancer 
immunotherapy [7,8]. 

MSI GCs: clinical-pathological and biological state of art 

Since the characterization of specific cancer subgroups is essential 
for an accurate molecular classification and selection of patients for 
personalized treatment, many studies focused on the association be
tween MSI and different pathological features [9]. 

Evidence in the literature reported a considerable variation in the 
percentage of microsatellite instability in GC patients (8–25%) [2,10] 
depending on the geographical differences in the analyzed cohorts 
(Asian vs Caucasian), the heterogeneity of tumor stage distribution and 
the assays applied to detect the MSI status. It is relevant to notice that 
most of the patients analyzed in the TCGA study were Asian and white, 
while just a small number of black patients and no Hispanic patients 
were involved. Since the frequency of GC is higher in Hispanics/Latinos 
compared with non-Hispanic Whites [11], the minimal clinical enroll
ment of these patient populations has to be taken in account in 
considering the global percentage of MSI GCs. 

Regarding the tumor stage prevalence, MSI has been reported to be 
stage-dependent, being the highest in node-negative disease (up to 
about 20%) and the lowest in metastatic disease (<5%) [3]. The het
erogeneity of the prevalence reported is thus dependent on the pop
ulations enriched in the different series or on the inclusion criteria of the 
different randomized controlled trials (RCTs). Indeed, the prevalence 

was <10% in RTCs of perioperative/adjuvant chemotherapy [12], 
reasonably enrolling patients with a relatively more locally advanced 
disease and therefore higher risk of relapse after surgery. 

MSI GCs have been associated with an older age (≥65 years), female 
gender, tumoral location in the middle/lower gastric body, less frequent 
lymph node involvement and less propensity to invade serosal layers 
[9,13]. Additionally, patients with MSI GCs are more often diagnosed at 
an earlier disease stage (TNM stage I or II) and classified as Borrmann 
type I or II [9,14]. Typical histological features are represented by the 
predominance of highly pleomorphic tumor cells organized in peculiar 
growth patterns, the association with mucinous GC or mucin 6 positivity 
and the prominent lymphoid cell infiltration [10,15]. 

In a recent meta-analysis thirty-four studies were evaluated to reveal 
the association between MSI status and the Lauren’s histological clas
sification [9]. MSI phenotype was found in 10.7% of the intestinal-type, 
0.9% of the mixed-type and 2.9% of the diffuse-type, confirming the 
higher prevalence of MSI for the intestinal type. Sometimes, the MSI 
phenotype occurs in the context of hereditary syndromes, such as the 
Lynch syndrome (very rarely reported in gastric adenocarcinoma ~1.6% 
[16]), but in most of the GC reported cases it appears in a sporadic form 
[17]. However, in some reports there was no evidence of significant 
differences in the frequency of MSI in sporadic and familial tumors, 
supporting that the MSI status cannot be used to distinguish the above- 
mentioned GC settings [18,19]. 

Epigenetic silencing of hMLH1 by promoter hypermethylation rep
resents the leading cause of MMR deficiency in both sporadic and fa
milial MSI GCs [20,21] while mutations of hMLH1 and hMSH2 are 
relatively rare (15% and 12%, respectively) [22]. The correlation be
tween aberrant hMLH1 promoter methylation and the risk to develop 

Fig. 1. Mechanism of action of the Mismatch Repair complex. In normal cells, the DNA mismatch repair (MMR) machinery guarantees the genomic fidelity by 
recognizing (MSH2/MSH6 complex) and repairing (MLH1/PMS2/1 complex) genetic mismatches generated during DNA replication. Conversely, in MSI tumor cells 
the presence of a deficient MMR (dMMR) system results in the impossibility to repair DNA mismatches in microsatellites, determining the accumulation of mutations 
in different genomic codons. MLH1, MSH2, MSH6 and PMS2/1 are the main components of the MMR machinery. 
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GC has been widely investigated, even if the conclusions were not 
consistent, probably due to different ethnic cohorts, methylation 
detection methods and specimen materials applied [23]. 

Since a specific genetic and epigenetic profile and distinct clinical- 
pathological features are correlated with MSI tumors, the presence or 
the absence of this genomic instability likely occurs at early stages of the 
tumor growth. In this context, some reports have described the presence 
of MSI in gastric precancerous lesions and the progressive increase of the 
MSI status from precancerous lesions to GC, identifying MSI as an early 
event in gastric carcinogenesis [24,25]. However, the accumulation of 
methylation events during GC progression has been previously reported 
[26]. More precisely, Ling et al., demonstrated that hMLH1 promoter 
methylation may appear as a late event during the GC natural growth 
process and the resulting hMLH1 silencing seems to be responsible of a 
time-dependent acquisition of MSI [27]. Additionally, a recent multi- 
region exome sequencing analysis applied to dMMR gastro-esophageal 
adenocarcinomas revealed that the “dMMR-phenotype” remains active 
throughout the progression of primary tumors and in metastatic sites 
[28]. 

Some authors reported that heterogeneity is a specific issue in GC 
biology and it also applies to MSI/MSS distribution in the same tumor. In 
this context, Ottini and collaborators evaluated the microsatellite allele 
pattern in multiple sampled areas of the same neoplasm, finding evident 
heterogeneous intratumoral MSI patterns [29]. Furthermore, Mathiak 
et al., described a GC with a biphasic MSH2 expression pattern (85% of 
the tumor area was MSI and 5–23% MSS). The immunohistochemistry 
(IHC) analysis of 10 nodal metastases showed their positivity for MSH2 
expression, supporting the idea of a less aggressive nature of MSI
carcinomas and their association with a better survival [15]. However, 
in our previous work, describing a wide GC Patient Derived Xenograft 
(PDX) platform, we observed a significantly higher engraftment rate 
(more than two folds) in non-immunocompetent mice of MSI compared 
to MSS tumors [30]. Since the engraftment rate in mice is positively 
correlated to tumor aggressiveness, these data suggest that, in an 
immune-deficient environment, MSI GCs behave more aggressively 
compared to the MSS counterpart. Therefore, it is likely that in the 
presence of a functional immune system, the MSI aggressive behavior is 
kept under control as it stimulates the activation of the immune system 
due to the high amount of neo-antigens, thus sustaining a positive 
outcome. On the other hand, when the immune system is lost or inactive 
(as it is in immunocompromised mice or in patients with high disease 
burden) the “brake function” of the immune system is missing and MSI 
tumor aggressiveness may take over. Along this line of evidence, 
analyzing the genomic expression profile of MSI-H stomach 

adenocarcinomas, Yang and colleagues [31] distinguished two different 
subtypes of MSI-H tumors (MSI-H1 and MSI-H2), with distinct molecular 
profiles. Although no significant differences in clinical characteristics 
were annotated, when disease-free survival (DFS) and overall survival 
(OS) were compared, the subgroup displaying the higher expression 
level of negative immune regulators (such as CCL2)/CCL3/CCL4/ 
CCL28, PD-L2 and IDO1) presented the poorest prognosis. Altogether 
this evidence supports the heterogeneity of MSI tumors and the role of 
the tumor immune microenvironment in unleashing their intrinsic 
aggressive behavior or not. 

The etiology of the heterogenous microsatellite status is still un
known and further investigations are needed to understand in depth 
whether de novo mutations of genes involved in the regulation and 
maintenance of DNA methylation in tumor subclones may be respon
sible for this phenomenon. On these bases, the coexistence of the MSI/ 
MSS status and the discrimination of cell populations, with or without 
MS instability in the same neoplasm, may be relevant from a clinical 
point of view. 

Many reports have already shown the role of the tumor immune 
microenvironment in predicting tumor behavior [32]. These findings 
are of relevance in the context of the MSI tumors in which the massive 
production of abnormal tumor-specific peptides by tumor cells is 
responsible for the establishment of a permissive inflamed tumor milieu 
[33]. The potential value of tumor infiltrating lymphocytes (TILs) as 
prognostic and predictive biomarker has been largely investigated in GC 
[34,35]. In particular, a significant correlation between MSI and TILs 
has been identified by many authors [35–37]. Kim and colleagues re
ported that high density of intra-tumoral CD8+ and FOXP3+ TILs cor
relates with good prognosis in MSI-high GCs, suggesting that the 
combined interaction of these two subsets of lymphocytes can be 
considered as an independent prognostic factor [36]. On the same line 
Chiaravalli et al., indicated a high number of CD3+ and CD8+ TILs in 
MSI and EBV-associated GCs as a positive prognostic factor [34]. 

Although the prognostic value of the programmed death-ligand 1 
(PD-L1) and its receptor PD-1 is still controversial, several studies re
ported their high expression on GC tumor cells [38,39]. In particular, a 
meta-analysis including 3291 GC patients showed that EBV+ and MSI 
tumors are more likely to express PD-L1 compared with other GC mo
lecular subtypes [40]. Recently, Morihiro et al. demonstrated that the 
combined assessment of PD-L1 levels and MSI status or CD8+ TILs had a 
stronger prognostic value than PD-L1 as a single marker, suggesting that 
the assessment of the tumor microenvironment may lead to more 
appropriated therapeutic strategies [41]. In this “immune scenario”, a 
tumor immune microenvironment classification of GC could be useful to 

Fig. 2. Schematic representation of the most frequently altered genes in MSI GC. The different molecular GC subtypes (CIN, GS, EBV, MSI) and their percentages 
refer to the TCGA study [2]. On the right are reported the genes which are frequently altered in the MSI subtype. dMMR = deficient mismatch repair system. 
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better understand tumor-immune interactions and guide patients’ 
stratification for immunotherapy, with particular attention to MSI GCs. 
Contextually, Cho et al., assessed the expression of PD-L1 and CD8+ T 
cells density in EBV+, MSI and EBV- MSS GCs in the contest of the host 
anti-tumor immunity and identified four tumor immune microenviron
ment groups, also endowed with a prognostic value [42]. 

MSI GCs: a molecular point of view. 

The molecular landscape of MSI GCs 

In the last few years, several studies have contributed to the molec
ular characterization of MSI GCs, identifying genes specifically altered 
in this molecular subtype [2,3] (Fig. 2). In the whole-genome analysis 
performed by the TCGA, the presence of 37 genes significantly mutated 
in MSI GCs has been reported. These genes are involved in a variety of 
cellular processes such as cell cycle progression/regulation (i.e., TP53, 
IGFIIR, TCF4), DNA integrity maintenance (i.e., hMSH6, hMSH3, MED1, 
RAD50, BLM, ATR, and MRE11), chromatin remodeling, cell death (i.e., 
RIZ, BAX, CASPASE5, FAS, BCL10, and APAF1), transcription regulation 
and signal transduction. 

Additionally, frequent alterations of the major histocompatibility 
complex class I genes, including B2M and HLA-B, have been described. 
These mutations are of relevance in the context of the MSI phenotype 
since they result in the loss of expression of the HLA class 1 complex, 
reducing antigen presentation to the immune system and resulting in a 
suitable “immune-surveillance escape”[43]. 

MSI GC tumors also displayed an increased expression of mitotic 
network players, such as AURKA A/B, E2F, FOXM1, PLK1, and MYC 
activation targets [2]. Moreover, Corso and colleagues, analyzing a se
ries of 63 gastric carcinomas with high levels of microsatellite insta
bility, described the presence of mutations in EGFR, KRAS, PIK3CA and 
MLK3 in 47.6%, 17.5%, 14.3% and 3.2% of cases, respectively [44]. 
Although, EGFR deletions at the 3′-UTR polyA repeat were identified in 
a high percentage (48%) of the MSI GCs analyzed, no pathogenic mu
tations in the hotspot regions of the receptor were found. 

The link between KRAS mutations and MSI status has been strongly 
supported by many authors [45,46]. Recently published research per
formed on 595 GC patients, identified KRAS mutations in 14.9% of MSI, 
and 1.2% of MSS cases. Additionally, patients with KRAS mutations and 
MSI status presented a longer survival compared with patients with 
KRAS mutations and MSS status [46]. Furthermore, a large international 
multicenter study examining KRAS and DNA MMR status in patients 
with locally advanced resectable GC, supported the correlation between 
KRAS mutations and the dMMR machinery [47]. 

A number of studies have shown the crucial role of the 
phosphoinositide3-kinase (PI3K)/AKT/mammalian target of the rapa
mycin pathway (PI3K/AKT/mTOR pathway) in GC patients [48]. 
Interestingly, the molecular analyses performed by the TCGA reported 
PIK3CA gene mutations in the 42% of the MSI GC tumors analyzed [2]. 
Accordingly, Polom et al., reported a strong association between PIK3CA 
gene mutations and the MSI status [49]. Specifically, MSI patients 
bearing PIK3CA mutations displayed worse 5-year survival (40%) 
compared to the MSI group bearing the wild-type gene (70.4%). In the 
same study, the difference in survival of MSI patients with different 
PIK3CA exons mutation was also evaluated, showing that the 5-year 
survival was 0% for mutations in exon 9 and 80% for mutations in 
exon 20 [49]. In accordance with this body of evidence, Barbi et al., 
showed that only MSI GC cases harbored the common H1047R PIK3CA 
mutation which was observed in 8 of 39 MSI cases and was significantly 
associated with MSI status [50]. 

Other genes frequently mutated in MSI GC are the chromatin 
remodeler ARID1A and the negative regulator of the Wnt pathway 
RNF43 (83% and 55%, respectively) [51,52]. Additionally, Min and 
collaborators described the presence of somatic mutations (22%) or loss 
of expression (35–54%) of genes (such as AGO2 and TNRC6A) involved 

in the micro RNA processing machinery [53]. 
MSI GC cases generally lacked targetable amplifications and, 

importantly, they did not display BRAF V600E mutation, commonly 
seen in MSI colorectal cancer [54]. 

Another contribute to the characterization of the molecular land
scape of MSI GC has been given by the transcriptomic analysis per
formed by our group on a wide PDX GC platform [30]. Focusing on the 
genes expressed by cancer cells, we identified a cell intrinsic MSI 
signature able to discriminate MSI and MSS gastric tumors. Importantly, 
this signature identified a subset of cases lacking the genetic MSI char
acteristics but displaying a “MSI like signature”, endowed with signifi
cant better outcome, possibly broadening the number of patients that 
could benefit from immuno or other PARP-type drugs. 

In accordance with the above-mentioned results, recent genomic 
analyses performed on MSI tumors have identified novel vulnerabilities 
for this molecular phenotype. More precisely, different groups reported 
that the inactivation of the RecQ DNA helicase WRN selectively impairs 
the viability of MSI but not of MSS cells [55,56]. Indeed, WRN depletion 
resulted in double-strand DNA breaks, apoptosis, and cell cycle arrest 
specifically in the MSI models. This body of evidence exposes WRN as a 
synthetic lethal target and a promising drug target in MSI cancers. 

MSI detection 

Currently, MSI detection can be assessed by two main methods: i) 
immunohistochemical (IHC) analysis of the MMR proteins; and ii) PCR- 
based molecular testing. 

MMR IHC testing represents the first-line method for MSI determi
nation thanks to the facility of the test and the less stringent tissue re
quirements compared to the molecular analysis [57]. Four antibodies for 
the detection of MLH1, MSH2, MSH6, PMS2 are usually applied, and the 
interpretation of the results is dependent on the biology of the hetero
dimers formed by these proteins. Infact, mutations in these MMR genes 
are responsible of the proteolytic degradation of the heterodimers. More 
precisely, mutations in hMLH1 are typically associated with IHC loss of 
both MLH1 and PMS2, while mutations in MSH2 are mostly associated 
with IHC loss of both MSH2 and MSH6 [57]. Thus, IHC analysis allows 
the detection of which of the MMR genes is defective and supports the 
decision about further genetic analysis. 

PCR-based amplification allows MSI detection by comparing and 
measuring via electrophoresis the size of amplified DNA fragments from 
the tumor and the matched normal samples from the same patient [58]. 
The molecular testing can be carried out with two possible panels: i) the 
“Bethesda panel” consisting in the evaluation of two mononucleotide 
repeats (BAT-25 and BAT-26) and three dinucleotide repeats (D5S346, 
D2S123 and D17S250) [59]; ii) a panel based on the identification of 
five poly-A mononucleotide repeats (BAT-25, BAT-26, NR-21, NR-24, 
NR-27). Referring to the Bethesda panel, tumors displaying instability 
at two or more of the five recommended loci were interpreted as MSI- 
high while tumors with only one locus altered were considered MSI- 
Low (MSI-L). When no alteration is found, the tumor is categorized as 
microsatellite stable (MSS) [59]. The revised Bethesda guidelines for 
colorectal cancer (CRC), have suggested to abandon the terms MSI-H/ 
MSI-L and to consider as microsatellite stable also tumors previously 
defined as MSI-L [60]. Although the Bethesda panel represents the 
“reference panel” for the establishment of the MSI status, it carries some 
limitations due to the weak power of the dinucleotide repeats in iden
tifying MMR deficiencies compared to the mononucleotide repeats [60]. 
Additionally, due to the polymorphic nature of the dinucleotide 
markers, the interpretation of the results requires the availability of 
matching normal DNA. The five poly-A panel represents the current 
standard for the detection of MSI-high cancers [57] thanks to its sensi
tivity (since the five mononucleotide repeats are more commonly 
monomorphic or quasimonomorphic) and feasibility (obviating the need 
to test the corresponding normal sample). In 2014 Salipante and col
leagues suggested Next Generation Sequencing (NGS) as an alternative 
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strategy for inferring the MSI phenotype [61] but the significant overall 
costs and expertise required for the interpretation of NGS data have 
limited the accessibility of this technique in routine diagnostics, so far. 

Prognostic and predictive role of MSI in GC: a possible change in 
the clinical practice? 

In the last few years, many investigators have assessed the clinical 
relevance of the MSI status as a good prognostic marker for GC patients 
[12,62]. Cristescu and colleagues evaluated the survival outcomes of the 
ACRG molecular subtypes identified in their study, merging data from 
independent cohorts. The MSI subtype showed a consistent association 
with the best OS both in single and combined cohorts [3]. In this sce
nario, in a recent meta-analysis of 48 studies, Polom et al. showed that 
patients with MSI GC treated with surgery alone displayed a better OS 
compared to the MSS group [9]. The good prognostic impact of MSI-high 
status following radical surgery has been shown also by several post-hoc 
analyses of RCTs [6,8,63]. On the other hand, since adjuvant and peri
operative chemotherapy are guideline-endorsed treatment for GC, many 
research groups have investigated the predictive role of MSI status in 
chemotherapy response [64,65] (Table 1). For example, a large-scale 

study, involving 1,990 GC patients assessed whether MSI status was 
helpful in predicting patients which would benefit from 5-fluorouracil- 
based adjuvant chemotherapy after R0 resection [66]. No benefits in 
terms of DFS were observed in MSI patients receiving the adjuvant 
regimen, while MSS patients receiving the same treatment displayed an 
improved DFS. In line with these results, the post hoc analysis of the 
capecitabine and oxaliplatin adjuvant study of stomach cancer (CLASSIC 
trial), demonstrated that adjuvant chemotherapy had no significant ef
fect in improving survival when added to surgery for MSI GCs [63]. Kim 
and collaborators, reviewing data from 1,276 GCs, reported that MSI 
patients in stage III (treated by surgery alone) were associated with a 
better overall survival compared with MSI and MSS groups at stage III 
treated with chemotherapy alone [67]. The negative predictive value of 
the MSI status for the efficacy of chemotherapy has been also reported 
by the post hoc analysis of the MAGIC trial, which enrolled patients with 
resectable GC for surgery alone or surgery in combination with peri
operative chemotherapy. Indeed, patients with high MSI or dMMR 
treated with surgery alone had an excellent survival compared with the 
MSI/dMMR chemotherapy-plus-surgery group (HR 0.35; 95% CI, 0.11 
to 1.11; P = .08) [68]. Owing to the low prevalence of the MSI-high 
status reported in GC, a robust contribute in highlighting the 

Table1 
The prognostic effect of MSI status in GC in different treatment settings.  

Study design Tumor type n of MSI 
patients 

Treatment settings Results Reference 

Retrospective cohort 
analysis 

Resectable gastric 
cancer 

170 5-fluorouracil-adjuvant after R0 resection No benefits in DFS in stage II and III An et al. [66] 

Post hoc analysis of 
CLASSIC TRIAL 

Resectable gastric 
adenocarcinoma 

40 Capecitabine and oxaliplatin adjuvant 
after D2 gastrectomy for stage II/III 

No improvement in DFS Choi et al. [63] 

Large patient cohorts with 
subgroup analysis 

Stage II and III gastric 
cancer 

47 Adjuvant chemotherapy/surgery Improvement in OS in patients 
treated with surgery alone 

Kim et al. [67] 

Post hoc analysis of the 
MAGIC trial 

Resectable gastric 
cancer 

20 Perioperative chemotherapy+ surgery/ 
surgery 

dMMR/MSI-H patients benefit of 
surgery alone 

Smyth et al. [68] 

IPD meta-analysis Resectable gastric 
cancer 

121 perioperative chemotherapy+ surgery or 
surgery alone 

No benefit reached when treated with 
chemotherapy plus surgery 

Pietrantonio et 
al. [69] 

*Abbreviations: RFS, recurrence-free survival; DFS, disease-free survival; IPD, Individual Patient Data. 

Fig. 3. Mechanism of immune activation by MSI cells. MSI tumor cells, due to their hypermutated phenotype, express abundant peptides that function as neo
antigens, triggering a stronger T-cell recruitment and activation compared to MSS tumor cells. Tumor cells also express T-cell inhibitory ligands such as PD-L1, which 
binds to the co-inhibitory PD1 receptor on immune cells, allowing their “immune escape”. Antibodies directed against PD-L1/PD-1 remove T cell suppression, thus 
triggering tumor cell killing. TCR = T cell receptor; MHC1 = Major histocompatibility complex 1; dMMR = deficient mismatch repair system. 
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prognostic/predictive value of the MSI GC subtype has been provided by 
Pietrantonio and collaborators, with a multinational meta-analysis, 
pooling together the individual patient data from four large random
ized clinical trials (MAGIC, CLASSIC, ARTIST and ITACA-S) and inves
tigating the correlation between the MSI status, OS, DFS and the effect of 
chemo(radio)therapy [69]. When compared with the GC stable subtype, 
the MSI group displayed a superior 5-year disease-free survival and 5- 
year overall survival. Patients defined as MSI-low or MSS showed 
benefit from chemotherapy plus surgery while the same benefits were 
not reached by those with MSI-high GC. 

Although the positive prognostic value of MSI in GC is consistent 
among studies, the evidence for MSI being a negative predictor of the 
efficacy of adjuvant or neoadjuvant chemotherapy remains questionable 
due to the low number of MSI patients in each individual study and the 
retrospective character of the discussed analyses. At present, MSI status 
should be evaluated in light of other prognostic factors to properly tailor 
treatment decision making in early-stage disease. Subgroup analyses 
from taxane-containing (neoadjuvant) chemotherapy studies such as 
JACCRO GC-07 and FLOT-4 [70,71] regarding outcomes of patients 
with MSI GC would be useful to strengthen the hypothesis that these 
patients might not need chemotherapy and be better treated with 
adjuvant or neoadjuvant immunotherapy or even surgery alone. 

Immunotherapy in MSI GC 

Several clinical trials have demonstrated that dMMR or MSI are 
significantly correlated with a response to immune checkpoint inhibitors 
(ICIs) in colorectal cancer as well as in other malignancies [72,73]. Thus, 
MSI-high status has been proposed as an agnostic positive predictor for 
the efficacy of ICIs in patients with pretreated advanced cancers. Evi
dence and rationale for the use of immunotherapy in MSI GC derives 
from the characteristically hypermutated phenotype of this subgroup, 
expressing abundant peptides that function as neoantigens and are able 
to trigger TIL recruitment and activation [74] (Fig. 3). In human can
cers, the PD-1/PD-L1 pathway negatively regulates the immune 
response by preventing the activation and proliferation of T lympho
cytes, decreasing cytokine production, and promoting the burnout of 
CD8+ T lymphocytes [75,76], leading to tumor immune evasion [77]. In 
GC, controversial results have been reported, making the prognostic role 
of PD-L1 a subject of debate. In a study, involving 398 stage I to IV GC 
patients, PD-L1 positivity was paralleled by the presence of high TIL 
infiltration and patients with these characteristics exhibited survival 
benefits [78]. Accordingly, other reports have related PD-L1 expression 
to favorable survival outcomes [79,80]. Conversely, Gu and collabora
tors in a meta-analysis (covering 3291 patients) showed that PD-L1 
overexpression was a significant adverse prognostic factor for GC 
[40]. A possible explanation for this contradictory results could be found 
in the different antibodies, assays, and cut-off values applied to deter
mine PD-L1 expression [81]. In particular, a general agreement 
regarding the univocal assessment criteria for PD-L1 status in GC has not 
been reached yet. The combined positive score (CPS) and the tumor 
proportion score (TPS) are scoring systems that have been adopted in 
different clinical trials evaluating the therapeutic effectiveness of PD-1 
inhibitors in GC [82,83]. Although both methods are immunohis
tochemically based, CPS is calculated as the ratio of the total number of 
PD-L1 positive tumor cells, lymphocytes, and macrophages to the total 
number of viable tumor cells, while TPS results from the ratio of PD-L1- 
stained tumor cells to the total number of viable tumor cells [84]. In this 
context, a recent study by Yamashita et al. [85], showed that TPS may 
not be the optimal score to determine PD-L1 positivity in GC due to the 
complexity in discriminating, histomorphologically, poorly differenti
ated tumor cells and macrophages. Additionally, since no significant 
difference in OS and RFS has been observed in PD-L1 positive and 
negative patients discriminated by TPS, it resulted an unsuitable prog
nostic biomarker. Conversely, CPS has shown a stronger “accurate po
tential” as scoring method, avoiding the histologically discrimination 

between tumor and immune cells and was endowed with a higher 
prognostic ability, highlighting that patients with PD-L1 positivity by 
CPS experienced significantly shorter OS and RFS than patients with PD- 
L1 positivity by TPS [85]. Taking into consideration these discrepancies, 
more efforts should be spent in collecting data from multicenter studies 
to determine a standard method for PD-L1 detection in GC. A number of 
studies has reported a higher PD-L1 expression in EBV+ and MSI GCs 
compared with the other subgroups [33,86], supporting them as favored 
candidates for ICIs treatment. Encouraging results have been reached by 
the KEYNOTE-012 trial that first demonstrated the activity of the anti- 
PD-1 agent pembrolizumab in PD-L1+ advanced GC [87]. The single- 
agent pembrolizumab determined a partial response in 22% of the pa
tients with PD-L1+ tumors. Interestingly, genomic analyses revealed the 
presence of MSI in 17% of the patients. Among MSI patients (17%), an 
objective response was observed in 50% of subjects. Other promising 
results have been achieved by the phase II KEYNOTE-059 trial, in which 
safety and efficacy of pembrolizumab were assessed in a cohort of pa
tients with gastric/gastroesophageal junction cancer [83]. Interestingly, 
patients with MSI status (despite being only 7) experienced a ORR of 
57.1%, while MSS patients presented lower ORR (9%) [83]. Based on 
the above-mentioned evidence, in 2017, FDA approved with accelerated 
process pembrolizumab for pretreated patients with PD-L1 positive 
(CPS>=1) metastatic GC and patients with unresectable or metastatic 
dMMR/MSI solid tumors, independently of the primary tumor type or 
site [88], while no approval was obtained in Europe and several other 
countries in the world. Additionally, the multicohort phase II trial, 
KEYNOTE-158, confirmed the remarkable efficacy of pembrolizumab in 
patients diagnosed with GCs nonresponsive to standard treatment. More 
precisely, the 24 MSI-H/dMMR GC patients involved in the study pre
sented ORR of 46% and a PFS of 11 months [89]. In this scenario, 
another trial worth to be mentioned, is the CHECKMATE-032 designed 
to investigate the activity and safety of nivolumab (humanized IgG4 
isotype antibody, targeting PD-1 receptors on lymphocytes) in a PD-L1 
unselected metastatic GC population [90]. Subanalyses showed that 
MSI patients reached longer median OS (about 15 months) compared 
with MSS patients and patients with unknown microsatellite status. 

Regarding post-hoc analyses of the predictive role of MSI-high status 
in RCTs, the KEYNOTE-061, the KEYNOTE-062, the CHECKMATE-649 
and the JAVELIN Gastric 100 [91] are in the limelight of a recent 
meta-analysis carried out by Pietrantonio and colleagues [92]. The au
thors merged together data deriving from the above-mentioned phase III 
trials, enrolling a total of 2545 patients. The 4.8% of the patients cohort, 
displaying MSI-H GC, showed a HR for OS benefit of 0.34 (vs 0.82 for 
MSS GC) when treated with anti-PD-1 regimens compared to chemo
therapy alone. These data strengthen the positive effect of pem
brolizumab over chemotherapy in favoring the median OS both in the 
second line and in newly diagnosed first-line MSI-H patients. Although 
the anti-PD-1 treatment has reached encouraging results in terms of 
safety and efficacy, further enhancement of the clinical effectiveness and 
additional prognostic and predictive markers for treatment of GC with 
immunotherapy are needed. In this context, tumor mutational burden 
(TMB) has been recently defined as a new biomarker for PD-L1 antibody 
treatment [93]. Indeed, positive immunotherapy outcomes have been 
noticed in patients with esophagogastric cancer, especially in those with 
a TMB > 9.7 mutations/Mb who displayed the best prognosis [94]. A 
recent multi-center phase Ib/II study evaluating the safety and efficacy 
of the toripalimab (humanized PD-1 monoclonal antibody) in chemo- 
refractory advanced GCs shed, for the first time, the light on the pre
dictive potential of TMB in advanced GC [95]. Patients with a high TMB 
(TMB-H) displayed a superior OS compared with the TMB-low coun
terpart (14.6 vs 4.0 months); curiously, TMB-H and PD-L1+ groups 
consisted in two independent cohorts showing a significantly high ORR 
(33.3% vs 3.0%) and OS (12.1 vs 4.0 months). Additionally, Fuchs and 
colleagues strengthened the potential of TMB as a biomarker for 
response to ICI in GC performing an exploratory analysis of the 
KEYNOTE-061 trial [96] and reporting a strong association between 
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TMB and response to pembrolizumab in patients with advanced 
gastric/esophagogastric junction adenocarcinoma with tumor pro
gression after first-line therapy. These studies set the stage for a 
further evaluation of TMB in advanced GC patients who may 
respond to ICI. Of note, even if MSI-high GC shows a high TMB “by 
definition”, the subgroup of tumors with relatively lower TMB may 
benefit less from ICIs as compared to others, as explored in a small 
retrospective series of patients with MSI-high mCRC [97]. 

Although the findings obtained in the abovementioned studies 
are extremely promising (Table 2), owing to the small number of 
patients enrolled and the overall low frequency of the MSI pheno
type in GC, the robustness of the activity of checkpoint inhibitors in 
MSI GC is still not comparable to the successful results obtained in 
CRC trials [98]. However, immunotherapy revolutionized the 
landscape of cancer treatment and changed the therapeutic and 
clinical perspectives/opportunities of MSI GC patients, highlighting 
a strong molecular rationale for the administration of checkpoint 
inhibitors in this GC subgroup settings and the need of dedicated 
clinical trials in the next future. 

Conclusions and remarks 

Despite the improvement in surgical treatments and target- 
therapies, GC is still a global health problem. The complexity and 
the heterogeneity of this malignancy set the stage for new “molec
ular-based “ therapeutic approaches. The systematic classification of 
GC in 4 well-defined molecular subtypes, paved the way to address 
specific therapeutic strategies to patients with specific molecular 
profiles. MSI GCs constitute a relatively small patient population, 
characterized by peculiar clinical-pathological and biological fea
tures. Moreover, the MSI hypermutated phenotype determinates the 
onset of a permissive inflamed tumor milieu, which seems associ
ated with the favorable outcome of this subtype in the early stages of 
the disease. The long-lasting responses and the survival benefits 
deriving from the treatment of MSI tumors with immune check
points inhibitors should be a starting point to tip the scale to a 
change in the current clinical practice or, at least, to open the pos
sibility for a tailored treatment for these patients. We are aware of 
the undisputed role of chemotherapy as a guideline-endorsed 
treatment in GC, but the reported evidence supports a low chemo
sensitivity for MSI GCs. In spite the retrospective nature of the 
studies analyzed, the small number of MSI GC patients enrolled in 
the available RCTs and the lack of stratification for MSI status, the 
aim of this review is to point out the MSI group as a well-defined 
molecular and biological population of patients who may mark
edly benefit from immunotherapy. In conclusion, the body of evi
dence collected strongly sustains the clinical relevance of MSI 
testing for GC patients in order to choose the most effective treat
ment for this patient group. 
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et al. Estimating the global cancer incidence and mortality in 2018: Ta

bl
e 

2 
Cl

in
ic

al
 tr

ia
ls

 o
n 

im
m

un
e 

ch
ec

kp
oi

nt
s 

in
hi

bi
to

rs
 fo

r 
M

SI
 G

C.
  

Cl
in

ic
al

Tr
ia

ls
.g

ov
 n

um
be

r 
Ph

as
e 

Tu
m

or
 ty

pe
 

Tr
ea

tm
en

t s
et

tin
gs

 
Re

su
lts

 
Re

fe
re

nc
e 

KE
YN

O
TE

-0
12

 (N
CT

01
84

88
34

) 
Ib

 
PD

-L
1+

ad
va

nc
ed

 G
C 

Pe
m

br
ol

iz
um

ab
 

M
SI

 G
C 

O
RR

 5
7.

1%
 

M
ur

o 
et

 a
l. 

[8
7]

 
KE

YN
O

TE
-0

59
 (N

CT
02

33
54

11
) 

II 
G

/G
EJ

 c
an

ce
r 

Pe
m

br
ol

iz
um

ab
 

M
SI

 G
C 

O
RR

 o
f 5

7.
1%

 
Fu

ch
s 

et
 a

l. 
[8

3]
 

KE
YN

O
TE

-1
58

 (N
CT

02
62

80
67

) 
II 

N
on

re
sp

on
si

ve
 G

Cs
 

Pe
m

br
ol

iz
um

ab
 

M
SI

 G
C 

O
RR

 o
f 4

6%
 P

FS
 1

1 
m

on
th

s 
M

ar
ab

el
le

 e
t a

l. 
[8

9]
 

CH
EC

KM
A

TE
-0

32
 (N

CT
02

26
73

43
) 

I/
II 

PD
-L

1 
un

se
le

ct
ed

 m
et

as
ta

tic
 

G
C 

N
iv

ol
um

ab
 

M
SI

 G
C 

O
S 

15
 m

on
th

s 
Ja

nj
ig

ia
n 

et
 a

l. 
[9

0]
 

M
et

a-
an

al
ys

is
 in

vo
lv

in
g 

KE
YN

O
TE

-0
61

, K
EY

N
O

TE
-0

62
, C

H
EC

KM
A

TE
-6

49
, 

JA
VE

LI
N

 G
A

ST
RI

C 
10

0 
III

 
PD

-L
1+

G
as

tr
ic

 
A

de
no

ca
rc

in
om

a 
Pe

m
br

ol
iz

um
ab

 v
s 

Ch
em

ot
he

ra
py

 
M

SI
-H

 G
Cs

 O
S 

(H
R)

 0
.3

4 
(v

s 
0.

82
 fo

r 
M

SS
) 

Pi
et

ra
nt

on
io

 e
t a

l. 
 

[9
2]

 
N

CT
02

91
54

32
 

Ib
/I

I 
A

dv
an

ce
d 

G
C 

To
ri

pa
lim

ab
 

TM
B-

H
 g

ro
up

 O
S 

14
 m

on
th

s T
M

B-
L 

gr
ou

p 
O

S 
4 

m
on

th
s 

W
an

g 
et

 a
l. 

[9
5]

 

KE
YN

O
TE

-0
61

 (N
CT

02
37

04
98

) 
III

 
A

dv
an

ce
d 

G
/G

EJ
 

ad
en

oc
ar

ci
no

m
a 

Pe
m

br
ol

iz
um

ab
 v

s 
Pa

cl
ita

xe
l 

tT
M

B 
≥

17
5:

 O
RR

 3
0 

vs
 1

1.
1 

O
S 

16
.4

 v
s 

8.
1 

Fu
ch

s 
et

 a
l. 

[9
6]

 

*A
bb

re
vi

at
io

ns
: O

RR
, O

bj
ec

tiv
e 

Re
sp

on
se

 R
at

e;
 P

FS
, P

ro
gr

es
si

on
-F

re
e 

Su
rv

iv
al

; O
S,

 O
ve

ra
ll 

Su
rv

iv
al

; T
M

B-
H

/L
, T

um
or

 M
ut

at
io

na
l B

ur
de

n 
H

ig
h/

Lo
w

; t
TM

B,
 ti

ss
ue

 tu
m

or
 m

ut
at

io
na

l b
ur

de
n.

 

E. Puliga et al.                                                                                                                                                                                                                                   



Cancer Treatment Reviews 95 (2021) 102175

8

GLOBOCAN sources and methods. Int J Cancer 2019;144:1941–53. https://doi. 
org/10.1002/ijc.31937. 

[2] Bass AJ, Thorsson V, Shmulevich I, Reynolds SM, Miller M, Bernard B, et al. 
Comprehensive molecular characterization of gastric adenocarcinoma. Nature 
2014;513:202–9. https://doi.org/10.1038/nature13480. 

[3] Cristescu R, Lee J, Nebozhyn M, Kim K-M, Ting JC, Wong SS, et al. Molecular 
analysis of gastric cancer identifies subtypes associated with distinct clinical 
outcomes. Nat Med 2015;21:449–56. https://doi.org/10.1038/nm.3850. 

[4] Baretti M, Le DT. DNA mismatch repair in cancer. Pharmacol Ther 2018;189: 
45–62. https://doi.org/10.1016/j.pharmthera.2018.04.004. 

[5] Liu D, Keijzers G, Rasmussen LJ. DNA mismatch repair and its many roles in 
eukaryotic cells. Mutat Res Mutat Res 2017;773:174–87. https://doi.org/10.1016/ 
j.mrrev.2017.07.001. 

[6] Miceli R, An J, Di Bartolomeo M, Morano F, Kim ST, Park SH, et al. Prognostic 
Impact of Microsatellite Instability in Asian Gastric Cancer Patients Enrolled in the 
ARTIST Trial. Oncology 2019;97:38–43. https://doi.org/10.1159/000499628. 

[7] Kim ST, Cristescu R, Bass AJ, Kim K-M, Odegaard JI, Kim K, et al. Comprehensive 
molecular characterization of clinical responses to PD-1 inhibition in metastatic 
gastric cancer. Nat Med 2018;24:1449–58. https://doi.org/10.1038/s41591-018- 
0101-z. 

[8] Di Bartolomeo M, Morano F, Raimondi A, Miceli R, Corallo S, Tamborini E, et al. 
Prognostic and Predictive Value of Microsatellite Instability, Inflammatory 
Reaction and PD-L1 in Gastric Cancer Patients Treated with Either Adjuvant 5-FU/ 
LV or Sequential FOLFIRI Followed by Cisplatin and Docetaxel: A Translational 
Analysis from the ITA. Oncologist 2020;25:e460–8. https://doi.org/10.1634/ 
theoncologist.2019-0471. 

[9] Polom K, Marano L, Marrelli D, De Luca R, Roviello G, Savelli V, et al. Meta- 
analysis of microsatellite instability in relation to clinicopathological 
characteristics and overall survival in gastric cancer. BJS (British J Surgery) 2018; 
105:159–67. https://doi.org/10.1002/bjs.10663. 

[10] Kim J-Y, Shin NR, Kim A, Lee H-J, Park W-Y, Kim J-Y, et al. Microsatellite 
instability status in gastric cancer: a reappraisal of its clinical significance and 
relationship with mucin phenotypes. Korean J Pathol 2013;47:28–35. https://doi. 
org/10.4132/KoreanJPathol.2013.47.1.28. 

[11] Siegel RL, Fedewa SA, Miller KD, Goding-Sauer A, Pinheiro PS, Martinez-Tyson D, 
et al. Cancer statistics for Hispanics/Latinos, 2015. CA Cancer J Clin 2015;65: 
457–80. https://doi.org/10.3322/caac.21314. 

[12] Pietrantonio F, Miceli R, Raimondi A, Kim YW, Kang WK, Langley RE, et al. 
Individual Patient Data Meta-Analysis of the Value of Microsatellite Instability As a 
Biomarker in Gastric Cancer. J Clin Oncol 2019;37:3392–400. https://doi.org/ 
10.1200/JCO.19.01124. 

[13] Zubarayev M, Min E-K, Son T. Clinical and molecular prognostic markers of 
survival after surgery for gastric cancer: tumor-node-metastasis staging system and 
beyond. Transl Gastroenterol Hepatol 2019;4:59. https://doi.org/10.21037/ 
tgh.2019.08.05. 

[14] Martinez-Ciarpaglini C, Fleitas-Kanonnikoff T, Gambardella V, Llorca M, 
Mongort C, Mengual R, et al. Assessing molecular subtypes of gastric cancer: 
microsatellite unstable and Epstein-Barr virus subtypes. Methods for detection and 
clinical and pathological implications. ESMO Open 2019;4:e000470. https://doi. 
org/10.1136/esmoopen-2018-000470. 

[15] Mathiak M, Warneke VS, Behrens H-M, Haag J, Böger C, Krüger S, et al. 
Clinicopathologic Characteristics of Microsatellite Instable Gastric Carcinomas 
Revisited: Urgent Need for Standardization. Appl Immunohistochem Mol Morphol 
AIMM 2017;25:12–24. https://doi.org/10.1097/PAI.0000000000000264. 

[16] Capelle LG, Van Grieken NCT, Lingsma HF, Steyerberg EW, Klokman WJ, 
Bruno MJ, et al. Risk and Epidemiological Time Trends of Gastric Cancer in Lynch 
Syndrome Carriers in The Netherlands. Gastroenterology 2010;138:487–92. 
https://doi.org/10.1053/j.gastro.2009.10.051. 

[17] Pedrazzani C, Corso G, Velho S, Leite M, Pascale V, Bettarini F, et al. Evidence of 
tumor microsatellite instability in gastric cancer with familial aggregation. Fam 
Cancer 2009;8:215–20. https://doi.org/10.1007/s10689-008-9231-7. 

[18] Leite M, Corso G, Sousa S, Milanezi F, Afonso LP, Henrique R, et al. MSI phenotype 
and MMR alterations in familial and sporadic gastric cancer. Int J Cancer 2011; 
128:1606–13. https://doi.org/10.1002/ijc.25495. 

[19] Polom K, Marrelli D, Voglino C, Roviello G, De Franco L, Vindigni C, et al. Familial 
aggregation of gastric cancer with microsatellite instability*. Acta Chir Belg 2018; 
118:287–93. https://doi.org/10.1080/00015458.2017.1379789. 

[20] Gu M, Kim D, Bae Y, Choi J, Kim S, Song S. Analysis of microsatellite instability, 
protein expression and methylation status of hMLH1 and hMSH2 genes in gastric 
carcinomas. Hepatogastroenterology 2009;56:899–904. 

[21] Bevilacqua RAU, Simpson AJG. Methylation of the hMLH1 promoter but no 
hMLH1 mutations in sporadic gastric carcinomas with high-level microsatellite 
instability. Int J Cancer 2000;87:200–3. https://doi.org/10.1002/1097-0215 
(20000715)87:2<200::AID-IJC7>3.0.CO;2-I. 

[22] Wu M-S, Sheu J-C, Shun C-T, Lee W-J, Wang J-T, Wang T-H, et al. Infrequent 
hMSH2 mutations in sporadic gastric adenocarcinoma with microsatellite 
instability. Cancer Lett 1997;112:161–6. https://doi.org/10.1016/S0304-3835(96) 
04565-X. 

[23] Ye P, Shi Y, Li A. Association Between hMLH1 Promoter Methylation and Risk of 
Gastric Cancer: A Meta-Analysis. Front Physiol 2018;9:368. https://doi.org/ 
10.3389/fphys.2018.00368. 

[24] Li B, Liu H-Y, Guo S-H, Sun P, Gong F-M, Jia B-Q. Microsatellite instability of 
gastric cancer and precancerous lesions. Int J Clin Exp Med 2015;8:21138–44. 

[25] Sugimoto R, Sugai T, Habano W, Endoh M, Eizuka M, Yamamoto E, et al. 
Clinicopathological and molecular alterations in early gastric cancers with the 

microsatellite instability-high phenotype. Int J Cancer 2016;138:1689–97. https:// 
doi.org/10.1002/ijc.29916. 

[26] Oue N, Mitani Y, Motoshita J, Matsumura S, Yoshida K, Kuniyasu H, et al. 
Accumulation of DNA methylation is associated with tumor stage in gastric cancer. 
Cancer 2006;106:1250–9. https://doi.org/10.1002/cncr.21754. 

[27] Ling Z-Q, Tanaka A, Li P, Nakayama T, Fujiyama Y, Hattori T, et al. Microsatellite 
instability with promoter methylation and silencing of hMLH1 can regionally occur 
during progression of gastric carcinoma. Cancer Lett 2010;297:244–51. https:// 
doi.org/10.1016/j.canlet.2010.05.017. 

[28] von Loga K, Woolston A, Punta M, Barber LJ, Griffiths B, Semiannikova M, et al. 
Extreme intratumour heterogeneity and driver evolution in mismatch repair 
deficient gastro-oesophageal cancer. Nat Commun 2020;11:139. https://doi.org/ 
10.1038/s41467-019-13915-7. 

[29] Ottini L, Palli D, Falchetti M, D’Amico C, Amorosi A, Saieva C, et al. Microsatellite 
Instability in Gastric Cancer Is Associated with Tumor Location and Family History 
in a High-Risk Population from Tuscany. Cancer Res 1997;57:4523–9. 

[30] Corso S, Isella C, Bellomo SE, Apicella M, Durando S, Migliore C, et al. 
A Comprehensive PDX Gastric Cancer Collection Captures Cancer Cell-Intrinsic 
Transcriptional MSI Traits. Cancer Res 2019;79:5884–96. https://doi.org/ 
10.1158/0008-5472.CAN-19-1166. 

[31] Yang Y, Shi Z, Bai R, Hu W. Heterogeneity of MSI-H gastric cancer identifies a 
subtype with worse survival. jmedgenet-2019-106609. J Med Genet 2020. https:// 
doi.org/10.1136/jmedgenet-2019-106609. 

[32] Taube JM, Galon J, Sholl LM, Rodig SJ, Cottrell TR, Giraldo NA, et al. Implications 
of the tumor immune microenvironment for staging and therapeutics. Mod Pathol 
2018;31:214–34. https://doi.org/10.1038/modpathol.2017.156. 

[33] Ma C, Patel K, Singhi AD, Ren B, Zhu B, Shaikh F, et al. Programmed Death-Ligand 
1 Expression Is Common in Gastric Cancer Associated With Epstein-Barr Virus or 
Microsatellite Instability. Am J Surg Pathol 2016;40:1496–506. https://doi.org/ 
10.1097/pas.0000000000000698. 

[34] Chiaravalli AM, Feltri M, Bertolini V, Bagnoli E, Furlan D, Cerutti R, et al. 
Intratumour T cells, their activation status and survival in gastric carcinomas 
characterised for microsatellite instability and Epstein-Barr virus infection. 
Virchows Arch 2006;448:344–53. https://doi.org/10.1007/s00428-005-0066-4. 

[35] Giampieri R, Maccaroni E, Mandolesi A, Del Prete M, Andrikou K, Faloppi L, et al. 
Mismatch repair deficiency may affect clinical outcome through immune response 
activation in metastatic gastric cancer patients receiving first-line chemotherapy. 
Gastric Cancer 2017;20:156–63. https://doi.org/10.1007/s10120-016-0594-4. 

[36] Kim K-J, Lee KS, Cho HJ, Kim YH, Yang HK, Kim WH, et al. Prognostic implications 
of tumor-infiltrating FoxP3+ regulatory T cells and CD8+ cytotoxic T cells in 
microsatellite-unstable gastric cancers. Hum Pathol 2014;45:285–93. https://doi. 
org/10.1016/j.humpath.2013.09.004. 

[37] Grogg KL, Lohse CM, Pankratz VS, Halling KC, Smyrk TC. Lymphocyte-Rich Gastric 
Cancer: Associations with Epstein-Barr Virus, Microsatellite Instability, Histology, 
and Survival. Mod Pathol 2003;16:641–51. https://doi.org/10.1097/01. 
MP.0000076980.73826.C0. 

[38] Wu C, Zhu Y, Jiang J, Zhao J, Zhang X-G, Xu N. Immunohistochemical localization 
of programmed death-1 ligand-1 (PD-L1) in gastric carcinoma and its clinical 
significance. Acta Histochem 2006;108:19–24. https://doi.org/10.1016/j. 
acthis.2006.01.003. 

[39] Takaya S, Saito H, Ikeguchi M. Upregulation of Immune Checkpoint Molecules, PD- 
1 and LAG-3, on CD4+ and CD8+ T Cells after Gastric Cancer Surgery. Yonago 
Acta Med 2015;58:39–44. 

[40] Gu L, Chen M, Guo D, Zhu H, Zhang W, Pan J, et al. PD-L1 and gastric cancer 
prognosis: A systematic review and meta-analysis. e0182692–e182692 PLoS ONE 
2017;12. https://doi.org/10.1371/journal.pone.0182692. 

[41] Morihiro T, Kuroda S, Kanaya N, Kakiuchi Y, Kubota T, Aoyama K, et al. PD-L1 
expression combined with microsatellite instability/CD8+ tumor infiltrating 
lymphocytes as a useful prognostic biomarker in gastric cancer. Sci Rep 2019;9: 
4633. https://doi.org/10.1038/s41598-019-41177-2. 

[42] Cho J, Chang YH, Heo YJ, Kim S, Kim NK, Park JO, et al. Four distinct immune 
microenvironment subtypes in gastric adenocarcinoma with special reference to 
microsatellite instability. e000326–e000326 ESMO Open 2018;3. https://doi.org/ 
10.1136/esmoopen-2018-000326. 

[43] Bernal M, Ruiz-Cabello F, Concha A, Paschen A, Garrido F. Implication of the β2- 
microglobulin gene in the generation of tumor escape phenotypes. Cancer 
Immunol Immunother 2012;61:1359–71. https://doi.org/10.1007/s00262-012- 
1321-6. 

[44] Corso G, Velho S, Paredes J, Pedrazzani C, Martins D, Milanezi F, et al. Oncogenic 
mutations in gastric cancer with microsatellite instability. Eur J Cancer 2011;47: 
443–51. https://doi.org/10.1016/j.ejca.2010.09.008. 

[45] Brennetot C, Duval A, Hamelin R, Pinto M, Oliveira C, Seruca R, et al. Frequent ki- 
ras mutations in gastric tumors of the MSI phenotype. Gastroenterology 2003;125: 
1282–3. https://doi.org/10.1016/j.gastro.2003.02.002. 

[46] Polom K, Das K, Marrelli D, Roviello G, Pascale V, Voglino C, et al. KRAS Mutation 
in Gastric Cancer and Prognostication Associated with Microsatellite Instability 
Status. Pathol Oncol Res 2019;25:333–40. https://doi.org/10.1007/s12253-017- 
0348-6. 

[47] van Grieken NCT, Aoyma T, Chambers PA, Bottomley D, Ward LC, Inam I, et al. 
KRAS and BRAF mutations are rare and related to DNA mismatch repair deficiency 
in gastric cancer from the East and the West: Results from a large international 
multicentre study. Br J Cancer 2013;108:1495–501. https://doi.org/10.1038/ 
bjc.2013.109. 

[48] Singh SS, Yap WN, Arfuso F, Kar S, Wang C, Cai W, et al. Targeting the PI3K/Akt 
signaling pathway in gastric carcinoma: A reality for personalized medicine? World 
J Gastroenterol 2015;21:12261–73. https://doi.org/10.3748/wjg.v21.i43.12261. 

E. Puliga et al.                                                                                                                                                                                                                                   

https://doi.org/10.1002/ijc.31937
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1038/nature13480
https://doi.org/10.1038/nm.3850
https://doi.org/10.1016/j.pharmthera.2018.04.004
https://doi.org/10.1016/j.mrrev.2017.07.001
https://doi.org/10.1016/j.mrrev.2017.07.001
https://doi.org/10.1159/000499628
https://doi.org/10.1038/s41591-018-0101-z
https://doi.org/10.1038/s41591-018-0101-z
https://doi.org/10.1634/theoncologist.2019-0471
https://doi.org/10.1634/theoncologist.2019-0471
https://doi.org/10.1002/bjs.10663
https://doi.org/10.4132/KoreanJPathol.2013.47.1.28
https://doi.org/10.4132/KoreanJPathol.2013.47.1.28
https://doi.org/10.3322/caac.21314
https://doi.org/10.1200/JCO.19.01124
https://doi.org/10.1200/JCO.19.01124
https://doi.org/10.21037/tgh.2019.08.05
https://doi.org/10.21037/tgh.2019.08.05
https://doi.org/10.1136/esmoopen-2018-000470
https://doi.org/10.1136/esmoopen-2018-000470
https://doi.org/10.1097/PAI.0000000000000264
https://doi.org/10.1053/j.gastro.2009.10.051
https://doi.org/10.1007/s10689-008-9231-7
https://doi.org/10.1002/ijc.25495
https://doi.org/10.1080/00015458.2017.1379789
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0100
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0100
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0100
https://doi.org/10.1002/1097-0215(20000715)87:2<200::AID-IJC7>3.0.CO;2-I
https://doi.org/10.1002/1097-0215(20000715)87:2<200::AID-IJC7>3.0.CO;2-I
https://doi.org/10.1016/S0304-3835(96)04565-X
https://doi.org/10.1016/S0304-3835(96)04565-X
https://doi.org/10.3389/fphys.2018.00368
https://doi.org/10.3389/fphys.2018.00368
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0120
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0120
https://doi.org/10.1002/ijc.29916
https://doi.org/10.1002/ijc.29916
https://doi.org/10.1002/cncr.21754
https://doi.org/10.1016/j.canlet.2010.05.017
https://doi.org/10.1016/j.canlet.2010.05.017
https://doi.org/10.1038/s41467-019-13915-7
https://doi.org/10.1038/s41467-019-13915-7
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0145
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0145
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0145
https://doi.org/10.1158/0008-5472.CAN-19-1166
https://doi.org/10.1158/0008-5472.CAN-19-1166
https://doi.org/10.1136/jmedgenet-2019-106609
https://doi.org/10.1136/jmedgenet-2019-106609
https://doi.org/10.1038/modpathol.2017.156
https://doi.org/10.1097/pas.0000000000000698
https://doi.org/10.1097/pas.0000000000000698
https://doi.org/10.1007/s00428-005-0066-4
https://doi.org/10.1007/s10120-016-0594-4
https://doi.org/10.1016/j.humpath.2013.09.004
https://doi.org/10.1016/j.humpath.2013.09.004
https://doi.org/10.1097/01.MP.0000076980.73826.C0
https://doi.org/10.1097/01.MP.0000076980.73826.C0
https://doi.org/10.1016/j.acthis.2006.01.003
https://doi.org/10.1016/j.acthis.2006.01.003
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0195
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0195
http://refhub.elsevier.com/S0305-7372(21)00023-2/h0195
https://doi.org/10.1371/journal.pone.0182692
https://doi.org/10.1038/s41598-019-41177-2
https://doi.org/10.1136/esmoopen-2018-000326
https://doi.org/10.1136/esmoopen-2018-000326
https://doi.org/10.1007/s00262-012-1321-6
https://doi.org/10.1007/s00262-012-1321-6
https://doi.org/10.1016/j.ejca.2010.09.008
https://doi.org/10.1016/j.gastro.2003.02.002
https://doi.org/10.1007/s12253-017-0348-6
https://doi.org/10.1007/s12253-017-0348-6
https://doi.org/10.1038/bjc.2013.109
https://doi.org/10.1038/bjc.2013.109
https://doi.org/10.3748/wjg.v21.i43.12261


Cancer Treatment Reviews 95 (2021) 102175

9

[49] Polom K, Marrelli D, Roviello G, Pascale V, Voglino C, Vindigni C, et al. PIK3CA 
mutation in gastric cancer and the role of microsatellite instability status in 
mutations of exons 9 and 20 of the PIK3CA gene. Adv Clin Exp Med 2018;27: 
963–9. https://doi.org/10.17219/acem/70795. 

[50] Barbi S, Cataldo I, De Manzoni G, Bersani S, Lamba S, Mattuzzi S, et al. The analysis 
of PIK3CA mutations in gastric carcinoma and metanalysis of literature suggest 
that exon-selectivity is a signature of cancer type. J Exp Clin Cancer Res 2010;29: 
32. https://doi.org/10.1186/1756-9966-29-32. 

[51] Wang K, Kan J, Yuen ST, Shi ST, Chu KM, Law S, et al. Exome sequencing identifies 
frequent mutation of ARID1A in molecular subtypes of gastric cancer. Nat Genet 
2011;43:1219–23. https://doi.org/10.1038/ng.982. 

[52] Wang K, Yuen ST, Xu J, Lee SP, Yan HHN, Shi ST, et al. Whole-genome sequencing 
and comprehensive molecular profiling identify new driver mutations in gastric 
cancer. Nat Genet 2014;46:573–82. https://doi.org/10.1038/ng.2983. 

[53] Kim MS, Oh JE, Kim YR, Park SW, Kang MR, Kim SS, et al. Somatic mutations and 
losses of expression of microRNA regulation-related genes AGO2 and TNRC6A in 
gastric and colorectal cancers. J Pathol 2010;221:139–46. https://doi.org/ 
10.1002/path.2683. 

[54] Muzny DM, Bainbridge MN, Chang K, Dinh HH, Drummond JA, Fowler G, et al. 
Comprehensive molecular characterization of human colon and rectal cancer. 
Nature 2012;487:330–7. https://doi.org/10.1038/nature11252. 

[55] Kategaya L, Perumal SK, Hager JH, Belmont LD. Werner Syndrome Helicase Is 
Required for the Survival of Cancer Cells with Microsatellite Instability. IScience 
2019;13:488–97. https://doi.org/10.1016/j.isci.2019.02.006. 

[56] Chan EM, Shibue T, McFarland JM, Gaeta B, Ghandi M, Dumont N, et al. WRN 
helicase is a synthetic lethal target in microsatellite unstable cancers. Nature 2019; 
568:551–6. https://doi.org/10.1038/s41586-019-1102-x. 

[57] Luchini C, Bibeau F, Ligtenberg MJL, Singh N, Nottegar A, Bosse T, et al. ESMO 
recommendations on microsatellite instability testing for immunotherapy in 
cancer, and its relationship with PD-1/PD-L1 expression and tumour mutational 
burden: a systematic review-based approach. Ann Oncol 2019;30:1232–43. 
https://doi.org/10.1093/annonc/mdz116. 

[58] Berg KD, Glaser CL, Thompson RE, Hamilton SR, Griffin CA, Eshleman JR. 
Detection of Microsatellite Instability by Fluorescence Multiplex Polymerase Chain 
Reaction. J Mol Diagnostics 2000;2:20–8. https://doi.org/10.1016/S1525-1578 
(10)60611-3. 

[59] Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, Eshleman JR, Burt RW, et al. 
A National Cancer Institute Workshop on Microsatellite Instability for Cancer 
Detection and Familial Predisposition: Development of International Criteria for 
the Determination of Microsatellite Instability in Colorectal Cancer. Cancer Res 
1998;58:5248–57. 

[60] Umar A, Boland CR, Terdiman JP, Syngal S, de la Chapelle A, Rüschoff J, et al. 
Revised Bethesda Guidelines for hereditary nonpolyposis colorectal cancer (Lynch 
syndrome) and microsatellite instability. J Natl Cancer Inst 2004;96:261–8. 
https://doi.org/10.1093/jnci/djh034. 

[61] Salipante SJ, Scroggins SM, Hampel HL, Turner EH, Pritchard CC. Microsatellite 
Instability Detection by Next Generation Sequencing. Clin Chem 2014;60:1192–9. 
https://doi.org/10.1373/clinchem.2014.223677. 

[62] Polom K, Marrelli D, Smyth EC, Voglino C, Roviello G, Pascale V, et al. The Role of 
Microsatellite Instability in Positive Margin Gastric Cancer Patients. Surg Innov 
2018;25:99–104. https://doi.org/10.1177/1553350617751461. 

[63] Choi YY, Kim H, Shin S-J, Kim HY, Lee J, Yang H-K, et al. Microsatellite Instability 
and Programmed Cell Death-Ligand 1 Expression in Stage II/III Gastric Cancer: 
Post Hoc Analysis of the CLASSIC Randomized Controlled study. Ann Surg 2019; 
270. 

[64] van Velzen MJM, Derks S, van Grieken NCT, Haj Mohammad N, van 
Laarhoven HWM. MSI as a predictive factor for treatment outcome of 
gastroesophageal adenocarcinoma. Cancer Treat Rev 2020;86. https://doi.org/ 
10.1016/j.ctrv.2020.102024. 

[65] Sohn BH, Hwang J-E, Jang H-J, Lee H-S, Oh SC, Shim J-J, et al. Clinical 
Significance of Four Molecular Subtypes of Gastric Cancer Identified by The Cancer 
Genome Atlas Project. Clin Cancer Res 2017. https://doi.org/10.1158/1078-0432. 
CCR-16-2211. 

[66] An JY, Kim H, Cheong J-H, Hyung WJ, Kim H, Noh SH. Microsatellite instability in 
sporadic gastric cancer: its prognostic role and guidance for 5-FU based 
chemotherapy after R0 resection. Int J Cancer 2012;131:505–11. https://doi.org/ 
10.1002/ijc.26399. 

[67] Kim SY, Choi YY, An JY, Shin HB, Jo A, Choi H, et al. The benefit of microsatellite 
instability is attenuated by chemotherapy in stage II and stage III gastric cancer: 
Results from a large cohort with subgroup analyses. Int J Cancer 2015;137:819–25. 
https://doi.org/10.1002/ijc.29449. 

[68] Smyth EC, Wotherspoon A, Peckitt C, Gonzalez D, Hulkki-Wilson S, Eltahir Z, et al. 
Mismatch Repair Deficiency, Microsatellite Instability, and Survival: An 
Exploratory Analysis of the Medical Research Council Adjuvant Gastric Infusional 
Chemotherapy (MAGIC) Trial. JAMA Oncol 2017;3:1197–203. https://doi.org/ 
10.1001/jamaoncol.2016.6762. 

[69] Pietrantonio F, Raimondi A, Choi YY, Kang W, Langley RE, Kim YW, et al. MSI-GC- 
01: Individual patient data (IPD) meta-analysis of microsatellite instability (MSI) 
and gastric cancer (GC) from four randomized clinical trials (RCTs). J Clin Oncol 
2019;37:66. https://doi.org/10.1200/JCO.2019.37.4_suppl.66. 

[70] Kodera Y, Yoshida K, Kochi M, Ichikawa W, Kakeji Y, Sano T, et al. A randomized 
phase III study comparing S-1 plus docetaxel with S-1 alone as a postoperative 
adjuvant chemotherapy for curatively resected stage III gastric cancer (JACCRO 
GC-07 trial). J Clin Oncol 2018;36:4007. https://doi.org/10.1200/ 
JCO.2018.36.15_suppl.4007. 

[71] Al-Batran S-E, Homann N, Pauligk C, Goetze TO, Meiler J, Kasper S, et al. 
Perioperative chemotherapy with fluorouracil plus leucovorin, oxaliplatin, and 
docetaxel versus fluorouracil or capecitabine plus cisplatin and epirubicin for 
locally advanced, resectable gastric or gastro-oesophageal junction 
adenocarcinoma (FLOT4): a ra. Lancet 2019;393:1948–57. https://doi.org/ 
10.1016/S0140-6736(18)32557-1. 

[72] Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF, et al. 
Safety, Activity, and Immune Correlates of Anti–PD-1 Antibody in Cancer. N Engl J 
Med 2012;366:2443–54. https://doi.org/10.1056/NEJMoa1200690. 

[73] Brahmer JR, Tykodi SS, Chow LQM, Hwu W-J, Topalian SL, Hwu P, et al. Safety 
and Activity of Anti–PD-L1 Antibody in Patients with Advanced Cancer. N Engl J 
Med 2012;366:2455–65. https://doi.org/10.1056/NEJMoa1200694. 

[74] Kwak Y, Seo AN, Lee HE, Lee HS. Tumor immune response and immunotherapy in 
gastric cancer. J Pathol Transl Med 2020;54:20–33. https://doi.org/10.4132/ 
jptm.2019.10.08. 

[75] Butte MJ, Keir ME, Phamduy TB, Sharpe AH, Freeman GJ. Programmed Death-1 
Ligand 1 Interacts Specifically with the B7–1 Costimulatory Molecule to Inhibit T 
Cell Responses. Immunity 2007;27:111–22. https://doi.org/10.1016/j. 
immuni.2007.05.016. 

[76] Mishra AK, Kadoishi T, Wang X, Driver E, Chen Z, Wang X-J, et al. Squamous cell 
carcinomas escape immune surveillance via inducing chronic activation and 
exhaustion of CD8+ T Cells co-expressing PD-1 and LAG-3 inhibitory receptors. 
Oncotarget 2016;7:81341–56. https://doi.org/10.18632/oncotarget.13228. 

[77] Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat 
Rev Cancer 2012;12:252–64. https://doi.org/10.1038/nrc3239. 

[78] Dai C, Geng R, Wang C, Wong A, Qing M, Hu J, et al. Concordance of immune 
checkpoints within tumor immune contexture and their prognostic significance in 
gastric cancer. Mol Oncol 2016;10:1551–8. https://doi.org/10.1016/j. 
molonc.2016.09.004. 

[79] Kim JW, Nam KH, Ahn S-H, Park DJ, Kim H-H, Kim SH, et al. Prognostic 
implications of immunosuppressive protein expression in tumors as well as 
immune cell infiltration within the tumor microenvironment in gastric cancer. 
Gastric Cancer 2016;19:42–52. https://doi.org/10.1007/s10120-014-0440-5. 
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