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A B S T R A C T

Gastroesophageal cancers are a major cause of death worldwide and treatment outcomes remain poor. Adequate
predictive biomarkers have not been identified.

Microsatellite instability (MSI) as a result of mismatch repair deficiency is present in four to twenty percent of
gastroesophageal cancers and has been associated with favorable survival outcomes compared to microsatellite
stable tumors. This prognostic advantage may be related to immunosurveillance, which may also explain the
favorable response to immune checkpoint inhibition observed in MSI high (MSI-H) tumors. The value of con-
ventional cytotoxic treatment in MSI-H tumors is unclear and results on its efficacy range from detrimental to
beneficial effects.

Here the recent data on MSI as a predictive factor for outcome of gastroesophageal cancer treatment is
reviewed.

Introduction

Globally, gastroesophageal adenocarcinomas are among the most
common causes of cancer related deaths [1]. Treatment still largely
relies on conventional cytotoxic agents which are only limitedly effec-
tive in the majority of patients [2,3]. According to a comprehensive
molecular analysis by The Cancer Genome Atlas (TCGA) Network,
gastric cancer (including gastroesophageal junction cancer) can be
classified into four subgroups based on its molecular characteristics:
Epstein-Barr virus (EBV)-infected tumors, microsatellite instable (MSI)
tumors, genomically stable (GS) tumors and chromosomally instable
(CIN) tumors [4]. EBV-infected tumors have shown best prognosis,
whereas GS tumors have shown worse prognosis and worse response to
neoadjuvant chemotherapy [5]. CIN tumors and MSI tumors have
shown an intermediate prognosis and CIN tumors benefit most from
neoadjuvant chemotherapy, whereas MSI tumors only benefit modestly
from neoadjuvant chemotherapy.

Even though many additional prognostic and predictive factors,
including both patient and tumor characteristics have been investigated

[6], unfortunately none of these have led to treatment strategies based
on specific biomarkers, except for trastuzumab, which has been proven
efficacious in patients with HER2 overexpressing gastric or gastro-
esophageal cancer [7]. Even ramucirumab, which supposedly specifi-
cally targets VEGF-R2, is given to an all-comers population and most
other studies with targeted agents have not improved outcome [8,9].
Due to this lack of predictive biomarkers, a selection of patients is over
treated with chemotherapy they will not benefit from and identification
of biomarkers that would allow treatment to be tailored to specific
individual molecular characteristics is of great importance.

Recently, immune checkpoint blockade has emerged as a relevant
new therapeutic option for seemingly unbeatable metastatic cancers
such as melanoma and lung cancer, and has also shown promising re-
sults for at least certain subgroups of gastroesophageal cancer [10].

Among others, important immune checkpoint molecules are pro-
grammed cell death protein 1 (PD-1) and cytotoxic T lymphocyte pro-
tein-4 (CTLA-4), that respectively inhibit the activation of various im-
mune cells and subsequently lead to resistance to immunosurveillance
[11]. PD1 is a co-inhibitory receptor that is expressed on the surface of
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activated T lymphocytes and regulatory T cells (Tregs) and its ligand
(PD-L1) is expressed by both immune and tumor cells. By activating the
PD1 pathway, T cell activity is suppressed in peripheral tissues, thus
protecting these tissues during inflammation. By upregulating PD-L1
expression, tumor cells can evade antitumor immune response.
Blockade of PD-1 leads to stimulation of the local immune response and
shows to be a promising treatment, although effectiveness depends on
the expression of PD-1 of the tumor infiltrating lymphocytes [12].

CTLA-4 is expressed on Tregs and also inhibits immune response,
although it seems to act in lymphatic tissues rather than within the
tumor [13]. In the draining lymph node, dendritic cells present an
antigen and express the surface protein CD28, that stimulates tumor
specific T cells through binding to the stimulatory receptors CD80 and
CD 86. CTLA-4 however binds CD80 and CD86 with a much higher
affinity and reduces their ability to induce an antitumor immune re-
sponse [14].

Due to a defective mismatch repair systems and subsequently an
excessive number of somatic mutations, MSI tumors have a high like-
lihood of presenting neoantigens, which initiates an antitumor T cell
response. Ongoing antigen exposure can lead to T cell exhaustion which
is associated with elevated expression of PD-1 by tumor infiltrating
lymphocytes and subsequently with a decreased antitumor immune
response in PD-L1 expressing tumors [15]. Although this is an effective
mechanisms to suppress anti-tumor immunity, drugs that block the PD-
1-PD-L1 axis such a pembrolizumab can reverse this defense me-
chanism and induce unprecedented often durable responses in MSI
cancers [16–18]. Data on the predictive value of MSI for efficacy of
conventional cytotoxic agents however are not unequivocal. Here we
review the recent data on MSI and its role in gastroesophageal cancer
treatment.

Microsatellite instability in gastroesophageal cancer

Four to twenty four percent of gastroesophageal cancers are char-
acterized by MSI [18–20]. Microsatellites are tracts of repetitive DNA
motifs of 1–6 base pairs and are abundant in the genomes of higher
organisms, mainly occurring in non-coding DNA [21].

The mismatch repair (MMR) system detects and corrects replication
errors. Protein complexes hMSH2/hMSH6 and hMSH2/hMSH3 detect
the replication errors made by DNA polymerase and hMLH1/hPMS2
(hMutLα) subsequently removes the mismatched base or bases and

allows DNA resynthesis [22] (Fig. 1).
Germline or somatic mutation and DNA promoter methylation of

one of the MMR genes leads to deficient mismatch repair and subse-
quently an accumulating number of mutations throughout the genome
[18]. MSI as a result of germline mutations in the MMR system is
strongly associated with the Lynch syndrome [23]. Alternatively in
sporadic gastric cancer cases MSI may result from MutL Homolog
(MLH1) promoter hypermethylation which occurs in 80% of the cases
[4,24]. Finally a role for infection by H. Pylori should be acknowledged.
H. Pylori has also been correlated with MMR deficiency (MMR-D) and
MSI in clinical data [25,26]. However, even though a reduction of MMR
protein levels in H. Pylori infected cells was observed, it could not be
directly translated into MSI-H in mouse models [27].

Testing for MSI

Microsatellites are exceptionally prone to replication errors and
therefore are particularly useful as markers for MMR-D [28].

For long, MSI/MMR-D has been determined by polymerase chain
reaction (PCR)–based analysis of microsatellites or im-
munohistochemical (IHC) analysis for MMR protein expression [29].
PCR-based methods compare the allelic position of the microsatellite
locus in tumor and normal tissue. Commonly employed panels are the
Bethesda Panel [30], consisting of two mononucleotide loci (BAT-25
and BAT-26) and three dinucleotide loci (D2S123, D5S346 and
D17S250), and the Promega Panel [31], which replaces the three di-
nucleotide loci with three additional mononucleotide loci (NR-21, NR-
24 and MONO-27), because the dinucleotide markers have shown to be
less sensitive and less specific than mononucleotide markers for the
detection of MMR-D. Most commonly, when ≥2 out of the 5 markers
show a different size compared to the normal tissue control the geno-
type is called MSI-high (MSI-H). When one out of five markers shows a
different size the genotype is called MSI-low (MSI-L) and when there is
no difference in any of the markers the genotype is called microsatellite
stable (MSS). IHC staining allows detection of expression or absence of
MMR proteins and semiquantative scoring is possible. Loss of expres-
sion of one of the single proteins or protein complexes involved in MMR
provides indirect evidence of MSI.

Recent work shows that MSI can also be identified via next-gen-
eration sequencing (MSI-NGS) which may be even more sensitive than
MSI PCR, due to a broader range of inferred microsatellite loci [32].

Fig. 1. The microsatellites existing in
normal DNA are prone to replication errors
(CA). In cells with an intact MMR (1) the
wrongly inserted base is recognized and
deleted and no mutation is acquired. In cells
with a damaged MMR (2) the wrongly in-
serted base is incorporated in the DNA, thus
leading to a frameshift mutation in the mi-
crosatellite. MMR deficient cells show
highly elevated rates of mutation
throughout the genome, which can be ob-
jectified by assessing the mutations in the
microsatellite, i.e. microsatellite instability.
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Prevalence of MSI in gastroesophageal adenocarcinoma

Reports on the incidence of MSI-H in gastric cancer vary (Table 1),
likely because MSI-H status is associated with specific clinical and pa-
thological parameters. In a recent systematic review MSI-H was found
to be associated with female sex, older age, intestinal Laurén histolo-
gical type, mid/lower gastric location, lack of lymph node metastases
and TNM stage I–II, but not with ethnicity [33]. Between 6 and 24% of
resected gastroesophageal adenocarcinomas are reported to be MSI-H
[20,34–39], and this may even mount up to 48% in patients of 85 years
and older [40]. However, the percentage sharply drops to less than 10%
in patients with synchronous metastatic disease [41], and less than 5%
in a beyond-second line treatment setting [19]. MSI is only rarely ob-
served in non-junctional esophageal cancers [42–44].

Prognostic value of MSI in gastroesophageal adenocarcinomaGenerally
speaking, MSI-H has been associated with favorable survival outcomes
compared to MSS and MSI-L [45,46], although the prognostic value
may be dependent on the histological subtype. For example, a series of
111 MSI-H primary gastric cancers revealed a notable prognostic dif-
ference between MSI-H and MSS in the intestinal subtype but no
prognostic value was observed for MSI-H in the diffuse-mixed type and
signet-ring cell/mucinous histotypes [20]. It should be noted that only a
relatively small number of diffuse cancers were included in the analysis
and the study may be underpowered to show any significant differences
within this subgroup.

A subgroup analysis in the same cohort showed that the prognostic
advantage of MSI-H is present within the same disease stage in re-
sectable gastric cancer and even holds up for stage IV disease [41].
However, this prognostic value of MSI in stage IV gastric cancer was not
seen in a different series of 510 stage I–IV gastric cancer patients that
underwent gastrectomy including 83 MSI-H tumors [47]. The authors
found a positive prognostic value of MSI-H, but in subgroup analysis
this only held up for stage II cancers. In contrast to the cohort of Polom
et al, none of these patients received any systemic treatment, which
might explain the difference in findings.

MSI and immune checkpoint inhibition

The generally good prognostic outcome may be related to

immunosurveillance; MSI-H gastroesophageal tumors are characterized
by high levels of CD8 positive T-cells infiltrate [48]. This, in turn, can
also explain the favorable response of MSI-H gastroesophageal cancer
patients to checkpoint blockade.

The KEYNOTE-059 study evaluated the efficacy and safety of
pembrolizumab monotherapy in patients who had progressive gastro-
esophageal cancer on at least two chemotherapy regimens. Out of the
174 patients available for MSI assessment, 4/7 (57.1%) of the MSI-H
patients had objective response to pembrolizumab, whereas 15/167
(9.0%) of the MSS/MSI-L patients responded [19]. The KEYNOTE 061
study randomized 592 patients with advanced gastric or gastro-
esophageal junction cancer that progressed on first-line chemotherapy
with a platinum and fluoropyrimidine to pembrolizumab monotherapy
or paclitaxel. In the MSI-H group median overall survival was not
reached for the fifteen MSI-H patients treated with pembrolizumab
(95% CI 5.6 months–not reached), while it was 8.1 months for the
twelve MSI-H patients treated with paclitaxel (95% CI 2.0–16.7) [49].
Very recently the data of patients with MSI-H (n=50/763) that were
included in the KEYNOTE 062 study were presented [50]. In this first
line study patients were randomized to pembrolizumab alone, to che-
motherapy (cisplatin and fluoropyrimidine) plus pembrolizumab or to
chemotherapy plus placebo. Median overall survival of MSI-H patients
treated with pembrolizumab, either alone, or in combination with
chemotherapy, was significantly better than treatment with che-
motherapy alone. Interestingly however, the objective response rate
was numerically higher in the group of MSI-H patients receiving both
chemotherapy and pembrolizumab compared to pembrolizumab alone
(64.7% vs 57.1%), while overall survival was better with pem-
brolizumab alone. It should be noted that the study was not powered to
compare pembrolizumab alone with pembrolizumab plus che-
motherapy, but these numbers might suggest that at least some che-
motherapy may be beneficial for MSI-H patients, to induce a first re-
sponse, while prolonged administration of chemotherapy may confer no
additional benefit. Further prospective data are needed to test this
hypothesis.

Ideally, potential predictive factors for response to checkpoint in-
hibition had been further tested in a randomized controlled trial, in-
cluding patients from the predictive subgroup only. Nevertheless, the
data from the KEYNOTE studies have been very compelling across

Table 1
Summary of the number of MSI-H patients and the techniques used to infer MSI in the mentioned publications.

Publication Cancertype Number of
patients

MSI-H (%) Techniques used Inferred loci

TCGA [4] Gastric adenocarcinoma 295 64 (22%) PCR BAT-25; BAT-26; BAT-40; TGFR II; D2S123;
D5S346; D17S250

Fuchs et al. 2018 [19] Metastatic gastric or GEJ (siewert II and III)
carcinoma

174 7 (4%) PCR BAT-25; BAT-26; NR-21; NR-24; NR-27

Marrelli et al. 2016 [12] Gastric cancer 472 111 (24%) PCR BAT-25; BAT-26; NR-24; NR-21 and NR-27
Choi et al. 2019 [34] Resectable gastric adenocarcinoma 592 40 (6%) PCR BAT-25; BAT-26; NR-21; NR-24; MONO-27
Haag et al. 2019 [35] Resectable gastric and GEJ carcinoma 101 9 (9%) PCR BAT-25; BAT-26; NR-21; NR-24; MONO-27
Hashimoto et al. 2019

[36]
Resectable gastric adenocarcinoma 285 24 (8%) PCR BAT-25; BAT-26; NR-21; NR-24; MONO-27

Kim et al. 2015 [37] Stage II and III gastric cancer 1276 105 (8%) PCR BAT-25; BAT-26; D5S346; D2S123; D17S250
Smyth et al. 2017 [38] Resectable gastric cancer 303 20 (7%) PCR BAT-25; BAT-26; NR-21; NR-24; NR-27
Kohlruss et al. 2019 [39] Resectable gastric adenocarcinoma 617 59 (10%) PCR BAT-25; BAT-26; D5S346; D2S123; D17S250
Polom et al. 2017 [40] Gastric cancer (population of Marrelli et al.

2016)
472 111 (24%) PCR BAT-25; BAT-26; NR-21; NR-24; NR-27

Polom et al. 2018 [41] Stage IV gastric cancer 176 14 (8%) PCR BAT-25; BAT-26; NR-21; NR-24; NR-27
Beghelli et al. 2006 [47] Stage I–IV gastric cancer 510 83 (16%) PCR BAT-25; BAT-26
Shitara et al. 2018 [49] Metastatic gastric or GEJ carcinoma 592 50 (8%) PCR BAT-25; BAT-26; NR-21; NR-24; NR-27
Shitara et al. 2019 [50] Advanced gastric or GEJ carcinoma 763 50 (7%) Not published
An et al. 2009 [68] Resectable gastric cancer 1990 170 (9%) PCR BAT-25; BAT-26; D5S346; D2S123; D17S250
Pietrantonio 2019 [72] Resectable gastric cancer (meta-analysis) 1556 121 (8%) PCR Different sets of 5 quasi monomorphic

mononucleotides
Oki et al. 2009 [73] Stage I–IV gastric cancer 240 22 (9%) PCR D2S123; D5S107; D10S197; D11S904; D13S174
Biesma et al. 2019 [75] Resectable gastric or GEJ carinoma 168 13 (8%) PCR BAT-25; BAT-26; MONO-27; NR-21; NR-24
Miceli et al. 2019 [76] Resectable gastric cancer 393 35 (9%) IHC and PCR BAT-25; BAT-26; NR-21; NR-22; NR-24
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tumor types. In a future immunotherapy trial it may therefore be dif-
ficult to randomize MSI-H gastroesophageal patients to chemotherapy
only. Thus, new ways for further scientific backing of the data have to
be developed. Prospective real world data collection may aid in this
respect [51].

In summary, patients with MSI-H gastroesophageal tumors can
substantially benefit from immune checkpoint inhibition. It is uncertain
whether MSI-H tumors should be treated with immunotherapy alone or
if addition of chemotherapy may be beneficial in this subgroup as well.

MSI and effect of cytotoxic agents: preclinical mechanistic data

While MSI is a strong indicator for response to immune checkpoint
blockade, the role that cytotoxic agents should have in the treatment of
MSI-H gastric cancer remains unclear [52]. For example, resistance in
MMR deficient cells has been shown for 6-thioguanine, N-methyl-N-
nitro-N-nitrosoguanidine (MNNG), temozolomide, cisplatin and carbo-
platin and the fluoropyrimidines 5-fluorouracil (FU) and 5-fluoro-2-
deoxyuridine (FdUrd) [53–62]. It has been hypothesized that resistance
to drugs such as 6-thioguanine, MNNG, temozolomide, cisplatin and
carboplatin results from failure of the cell to bind DNA adducts formed
by these drugs and to subsequently induce apoptotic cell death [63].
Similarly, differential FdUrd cytotoxicity between MMR-competent and
MMR-D cells is mediated at the level of DNA incorporation [57].

Resistance of MSI-H cells has also been described for the topoi-
somerase inhibitors etoposide and doxorubicin in some, but not all
studies [64,65]. In MMR-proficient cells the cleavable complex pro-
duced by the binding of these drugs to topoisomerase II may be re-
cognized by the MMR pathway [52]. Also, treatment with etoposide
may lead to higher mutation rates producing clones with mutated to-
poisomerase II, which is unable to bind the inhibitor, thus leading to
resistance [66]. Besides binding the topoisomerase II, doxorubicin may
participate in redox reactions, generating free radicals and even alky-
lating agents which may then form DNA adducts recognized by the
MMR pathway.

In general, the genomic instability due to MMR-D can increase
mutations in the coding or regulatory sequences of other genes that may
play a central role in determining drug sensitivity [63]. Thus, in addi-
tion to DNA-damage pathways, other mechanisms may be involved in
the emergence of resistance to cytotoxic drugs in MMR-D tumor cells.

Interestingly, in contrast to other widely used platinum compounds
loss of mismatch repair does not lead to resistance to oxaliplatin. DNA
adducts formed by oxaliplatin are, in fact, not recognized by the MMR
system, suggesting that for cell lethality induced by oxaliplatin other
mechanisms are in place [60,61]. Also for other drugs that produce
adducts that are not recognized by the mismatch repair detector, such
as the alkylating agents melphalan and perfosfamide, the chlor-
oethylating agent 1,3-bis(2-chloroethyl)-nitrosourea and agents such as
paclitaxel and tamoxifen that do not interact with DNA, no resistance is
conferred by loss of MMR [62,63]. Furthermore, MSI-H cells may be
treated with the hypomethylating agent 5-fluorodeoxycytidine
(FdCyd), which through re-expression of hMLH1 evades the resistance
to fluoropyrimidine therapy caused by deficiencies in the MMR
pathway [67].

In summary, depending on the specific cytotoxic drug used and its
interaction with DNA synthesis, treatment resistance may emerge in
MSI-H tumors or not (Table 2). Thus, not all cytotoxic drugs should
necessarily be avoided in MSI-H tumors, and there may even be ap-
proaches to resensitize MSI-H cells to drugs that require the MMR
system for tumor cell lethality. Further mechanistic as well as clinical
evaluation of the effect of cytotoxic drugs in MSI-H tumors is warranted
to identify effective cytotoxic drugs in MSI-H patients.

MSI and effect of cytotoxic agents: clinical data

A recent large scale study in stage II and III gastric cancer patients,

revealed that 5-FU-based adjuvant chemotherapy improved disease-free
survival in the MSS/MSI-low group, but showed no benefit in the MSI-
high group [68]. In another study 28 of 285 patients (9.8%) exhibited
negative MLH1 and most MLH1-negative tumors (85.7%) showed high
MSI [36]. MLH1-negative patients were significantly less likely to re-
spond to preoperative chemotherapy than MLH1-positive patients. Re-
lapse free survival in the MLH1-negative group was significantly longer
than in the MLH1-positive group when no preoperative chemotherapy
was given, whereas in patients with preoperative chemotherapy there
was no significant difference in relapse free survival between the two
groups.

Similar results were obtained in the prospective capecitabine and
oxaliplatin adjuvant study in stomach cancer (CLASSIC) trial, which
demonstrated the benefit of adjuvant chemotherapy (capecitabine with
oxaliplatin) after D2 gastrectomy over D2 gastrectomy alone for stage
II/III gastric cancer [69,70]. This lack of survival benefit for the MSI-H
group in the CLASSIC trial is remarkable because in vitro no resistance
to oxaliplatin has been observed. However, oxaliplatin monotherapy
has been shown to be significantly inferior to the combination of ox-
aliplatin and a fluoropyrimidine [71]. It could be hypothesized that
when MMRD cells are resistant to 5FU therapy, this also negatively
impacts the synergistic effect of this regimen.

In a secondary post hoc analysis of the MAGIC study, which ran-
domized patients with resectable gastric cancer to surgery alone or
perioperative chemotherapy (epirubicin with 5-fluorouracil and cis-
platin) plus surgery, the association between MMR-D, MSI and survival
was assessed [38]. Patients treated with surgery alone who had high
MSI or MMRD had a median OS that was not reached (95% CI,
11.5 months - not reached) compared with a median OS among those
who had neither high MSI nor MMR-D of 20.5months (95% CI,
16.7–27.8 months; hazard ratio, 0.42; 95% CI, 0.15–1.15; P= 0.09). In
contrast, in the chemotherapy plus surgery group, patients who had
either high MSI or MMRD had a median OS of 9.6months (95% CI,
0.1–22.5 months) compared with a median OS among those who had
neither high MSI nor MMR-D of 19.5 months (95% CI,
15.4–35.2 months; hazard ratio, 2.18; 95% CI, 1.08–4.42; P=0.03). A
recent individual patient data meta-analysis pooling data from the
CLASSIC and MAGIC trial together with the ARTIST and ITACA-S trial,
which both compared different multimodal treatment strategies in
curative gastric cancer, emphasize these results [72]. The authors found
no benefit of perioperative or adjuvant chemotherapy in MSI-H

Table 2
Cytotoxic agents and MMR related resistance in vitro (based on Irving et al.)
[51].

MMR related
resistance

No MMR related
resistance

Methylating agents Temozolamide +
Procarbazine +
MNNG +
MNU +

Other alkylating
agents

Busulphan +

Melphalan +
Cyclophosphamide +
Perfosfamide +
BCNU +

Antimetabolites 6-Thioguanine +
6-Mercaptopurine +
5-Fluorouracil +

Platinum compounds Cisplatin +
Carboplatin +
Oxaliplatin +

Topoisomerase
inhibitors

Etoposide +

Doxorubicin +
Epirubicin +

Taxanes Paclitaxel +
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Table 3
Design of cited studies. aGenomically stable, bChromosomal Instability, cOverall Survival, dRecurrence Free Survival, eMicrosatellite instability-Low, fMicrosatellite
instability-High, gIndividual Patient Data, hChemoradiotherapy. Retrospective cohort analyses that reported to have used prospectively gathered cohorts for their
retrospective analyses are marked with an *.

Publication Study design Prognostic/predictive
factor

Results

Sohn et al. 2017 [5] Retrospective cohort analysis Prognostic and
predictive

Positive prognostic value over GSa and CINb
Negative predictive value for response to chemotherapy

Fuchs et al. 2018 [19] Post hoc analysis in single arm
trial

Predictive Positive predictive value for response to pembrolizumab

Marrelli et al. 2016 [20] Retrospective cohort analysis* Prognostic Positive prognostic value in non-cardia intestinal type gastric cancer
Polom et al. 2018 [33] Meta-analysis Prognostic Positive prognostic value
Choi et al. 2019 [34] Post hoc analysis of randomized

trial
Prognostic and
predictive

Positive prognostic value in stage II/III gastric cancer
Negative predictive value for response to adjuvant capecitabine and oxaliplatin

Haag et al. 2019 [35] Retrospective cohort analysis Prognostic and
predictive

Positive prognostic value for OSc, no significant prognostic value for RFSd
No significant predictive value for histological response to platinum-based
chemotherapy

Hashimoto et al. 2019
[36]

Retrospective cohort analysis Predictive Negative predictive value for response to preoperative chemotherapy

Kim et al. 2015 [37] Retrospective cohort analysis Prognostic and
predictive

Positive prognostic value when not treated with chemotherapy
Negative predictive value for efficacy of chemotherapy in stage II/III gastric cancer

Smyth et al. 2017 [38] Post hoc analysis in randomized
trial

Predictive Negative predictive value for response to preoperative chemotherapy

Kohlruss et al. 2019 [39] Retrospective cohort analysis Prognostic and
predictive

Positive prognostic value
MSI-Le is a positive predictive value for response to neoadjuvant platinum/5FU
containing chemotherapy. No significant predictive value of MSI-Hf

Polom et al. 2018 [40] Retrospective cohort analysis* Prognostic Positive prognostic value in stage IV gastric cancer
Zhu et al. 2015 [45] Meta-analysis Prognostic Positive prognostic value
Choi et al. 2014 [46] Meta-analysis Prognostic Positive prognostic value
Beghelli et al. 2006 [47] Retrospective cohort analysis Prognostic Positive prognostic value, only in stage II gastric cancer
Shitara et al. 2018 [49] Post hoc analysis in randomized

trial
Predictive Positive predictive value for response to pembrolizumab

Shitara et al. 2019 [50] Post hoc analysis in randomized
study

Predictive Positive predictive value for response to pembrolizumab with or without
chemotherapy.

An et al. 2012 [68] Retrospective cohort analysis* Prognostic and
predictive

No significant prognostic value
Negative predictive value for response to 5FU based chemotherapy

Pietrantonio 2019 [72] IPDg meta-analysis Prognostic and
predictive

No significant predictive value for the efficacy of chemotherapy.
Positive prognostic value.

Oki et al. 2009 [73] Prospective cohort analysis Prognostic No significant prognostic value
Biesma et al. 2019 [75] Post hoc analysis in randomized

trial
Prognostic No significant prognostic value.

Miceli et al. 2019 [76] Post hoc analysis in randomized
trial

Prognostic and
predictive

No significant prognostic value. No significant predictive value for CRTh over
chemotherapy.
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Predictive Positive predictive value for response to pembrolizumab

Shitara et al. 2019 [50] Post hoc analysis in randomized
study

Predictive Positive predictive value for response to pembrolizumab with or without
chemotherapy.

An et al. 2012 [68] Retrospective cohort analysis* Prognostic and
predictive

No significant prognostic value
Negative predictive value for response to 5FU based chemotherapy

Pietrantonio 2019 [72] IPDg meta-analysis Prognostic and
predictive

No significant predictive value for the efficacy of chemotherapy.
Positive prognostic value.

(continued on next page)
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patients. It should be noted however that aside from those included in
the CLASSIC trial, many patients received only cytotoxic agents that
have shown in vitro MMR related resistance. As mentioned earlier, the
oxaliplatin and fluoropyrimidine combination might lose its synergistic
effect because of resistance to the latter, possibly explaining the lack of
benefit in the CLASSIC trial and thus contributing to negative results in
the individual patient data meta-analysis

Similar results were obtained in more advanced disease stages. Data
from prospective databases at two large European centers on patients
who had undergone surgery and were diagnosed with synchronous
metastatic gastric cancer at the time point of surgery showed that pa-
tients who were MSI-H had superior OS compared to MSS patients,
although this did not remain significant in multivariable analysis [41].
The overall survival in the group who did not receive chemotherapy
after surgery was 33.3% for MSI-H and 14.3% for MSS, while in the
group which received chemotherapy after surgery, overall survival was
20% for MSI-H and 22.6% for MSS.

In contrast, in a cohort study of the MD Anderson of patients with
stage II, III, or IV disease without distant metastasis treated with a
fluorouracil-based regimen, a detrimental effect of chemotherapy in
patients with gastric cancer of the MSI subtype could not be confirmed
[5]. In fact, MSI-H patients seemed to benefit from chemotherapy, al-
beit modestly: the hazard ratio for recurrence among those who re-
ceived adjuvant chemotherapy was 0.55 (95% confidence interval (CI)
0.22–1.3, P= 0.18). Patients with the CIN subtype exhibited the
greatest benefit from adjuvant chemotherapy; the hazard ratio for re-
currence among those who received adjuvant chemotherapy was 0.39
(95% CI 0.16–0.94, P= 0.03). No benefit from adjuvant chemotherapy
was observed among patients with the genomically stable subtype;
hazard ratio for recurrence was 0.83 (95% CI, 0.36–1.89, P= 0.65).
Another report showed that the survival of gastric cancer patients after
the administration of 5-FU did not correlate with MSI status [73]. In a
preliminary analysis of the CRITICS study [74], that randomized gastric
cancer patients to perioperative chemotherapy or preoperative che-
motherapy followed by postoperative chemoradiotherapy, patients
with MSI-H tumors showed favorable overall survival outcomes com-
pared to MSS tumors [75]. However, it remains difficult to determine
whether the survival benefit is a result of cytotoxic treatment or due to
an inherent prognostic advantage. Furthermore no significant interac-
tion between MSI status and radiotherapy was seen when patients were
treated with adjuvant chemotherapy (capecitabine and cisplatin) or
adjuvant chemoradiotherapy in the ARTIST trial [76].

In summary, given the conflicting evidence, the low number of MSI-
H patients in each individual study and the retrospective character of
the analyses in these studies it is hard to draw definite conclusions
about the relation between MSI and efficacy of cytotoxic treatment,
although commonly used regimens seem to confer little benefit to MSI-
H patients in clinical practice. Table 3 summarizes the methodology of
cited studies and shows identified prognostic and predictive value of
MSI in gastric cancer.

Implications for clinical practice and research

Based on the currently available data, the most optimal approach to
treatment of patients with MSI-H gastroesophageal cancer is within the

context of immunotherapy trials. Treatment with immune checkpoint
inhibition significantly improves outcome in a relatively large propor-
tion of MSI-H tumors compared with MSI-L/MSS tumors, leading to
remarkable and often long lasting responses and survival benefits.
Nevertheless some cytotoxic agents may still be beneficial for MSI-H
patients. Unfortunately, due to the use of combination regimens in most
clinical studies it is unclear what agents could have optimal effect in
MSI-H tumors and what regimen might facilitate the immunologic an-
titumor effects of checkpoint blockade best [77]. Future studies could
allocate MSI-H patients to immunotherapy only or immunotherapy
combined with cytotoxic agents, to investigate whether chemotherapy
may be of additional benefit in MSI-H patients and whether specific
subgroups within MSI gastric cancer may benefit from cytotoxic
therapy. Making use of the available preclinical and mechanistic data,
cytotoxic agents used in such trials should preferentially include drug
combinations that do not (fully) depend on the MMR system to confer
tumor cell lethality (Cf. Table 2). To better understand the underlying
mechanisms of resistance and sensitivity of MSI-H tumors to cytotoxic
treatment, a large translational component investigating the tumor’s
immune microenvironment is warranted. By inclusion of MSI-H pa-
tients in such studies, patients may benefit from the presumed efficacy
of checkpoint inhibition in MSI-H tumors, while at the same time the
research community, and ultimately society, will benefit from the ac-
cumulation of the body of evidence for both immunotherapy and cy-
totoxic treatment in this patient population.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
NHM has served as a consultant for BMS, Lilly and MSD. HMWvL re-
ports grants from Roche, has served as a consultant for BMS, Celgene,
Lilly, and Nordic and has received unrestricted research funding from
Bayer, BMS, Celgene, Lilly, Merck Serono, MSD, Nordic, Philips, and
Roche. The other authors have nothing to disclose.

References

[1] Siegel RL, Miller KD. Cancer Statistics 2019;69(1):7–34. https://doi.org/10.3322/
caac.21551.

[2] Ter Veer E, Haj Mohammad N, van Valkenhoef G, et al. Second- and third-line
systemic therapy in patients with advanced esophagogastric cancer: a systematic
review of the literature. Cancer Metastasis Rev 2016;35(3):439–56. https://doi.org/
10.1007/s10555-016-9632-2.

[3] Ter Veer E, Mohammad NH, Van Valkenhoef G, et al. The efficacy and safety of first-
line chemotherapy in advanced esophagogastric cancer: a network meta-analysis. J
Natl Cancer Inst 2016;108(10):1–13. https://doi.org/10.1093/jnci/djw166.

[4] Cancer Genome Atlas Research Network. Comprehensive molecular characteriza-
tion of gastric adenocarcinoma. Nature 2014;513(7517):202–9. https://doi.org/10.
1038/nature13480.

[5] Sohn BH, Hwang J-E, Jang H-J, et al. Clinical significance of four molecular sub-
types of gastric cancer identified by the cancer genome atlas project. Clin Cancer
Res 2017. https://doi.org/10.1158/1078-0432.CCR-16-2211.

[6] Ter Veer E, van Kleef JJ, Schokker S, et al. Prognostic and predictive factors for
overall survival in metastatic oesophagogastric cancer: a systematic review and
meta-analysis. Eur J Cancer 2018;103:214–26. https://doi.org/10.1016/j.ejca.
2018.07.132.

[7] Bang Y-J, Van Cutsem E, Feyereislova A, et al. Trastuzumab in combination with
chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced
gastric or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label,

Table 3 (continued)

Publication Study design Prognostic/predictive
factor

Results

Oki et al. 2009 [73] Prospective cohort analysis Prognostic No significant prognostic value
Biesma et al. 2019 [75] Post hoc analysis in randomized

trial
Prognostic No significant prognostic value.

Miceli et al. 2019 [76] Post hoc analysis in randomized
trial

Prognostic and
predictive

No significant prognostic value. No significant predictive value for CRTh over
chemotherapy.

M.J.M. van Velzen, et al. Cancer Treatment Reviews 86 (2020) 102024

6

https://doi.org/10.3322/caac.21551
https://doi.org/10.3322/caac.21551
https://doi.org/10.1007/s10555-016-9632-2
https://doi.org/10.1007/s10555-016-9632-2
https://doi.org/10.1093/jnci/djw166
https://doi.org/10.1038/nature13480
https://doi.org/10.1038/nature13480
https://doi.org/10.1158/1078-0432.CCR-16-2211
https://doi.org/10.1016/j.ejca.2018.07.132
https://doi.org/10.1016/j.ejca.2018.07.132


randomised controlled trial. Lancet (London, England) 2010;376(9742):687–97.
https://doi.org/10.1016/S0140-6736(10)61121-X.

[8] Wilke H, Muro K, Cutsem E Van, et al. Ramucirumab plus paclitaxel versus placebo
plus paclitaxel in patients with previously treated advanced gastric or gastro-oe-
sophageal junction adenocarcinoma (RAINBOW): a double-blind , randomised
phase 3 trial. 2014;15(October). https://doi.org/10.1016/S1470-2045(14)70420-6.

[9] Fuchs CS, Tomasek J, Yong CJ, et al. Ramucirumab monotherapy for previously
treated advanced gastric or gastro-oesophageal junction adenocarcinoma
(REGARD): an international, randomised, multicentre, placebo-controlled, phase 3
trial. Lancet (London, England) 2014;383(9911):31–9. https://doi.org/10.1016/
S0140-6736(13)61719-5.

[10] Chenard-Poirier M, Smyth EC. Immune checkpoint inhibitors in the treatment of
gastroesophageal cancer. Drugs 2019;79(1):1–10. https://doi.org/10.1007/
s40265-018-1032-1.

[11] Lazar DC, Avram MF, Romosan I, Cornianu M, Taban S, Goldis A. Prognostic sig-
nificance of tumor immune microenvironment and immunotherapy: novel insights
and future perspectives in gastric cancer. World J Gastroenterol
2018;24(32):3583–616. https://doi.org/10.3748/wjg.v24.i32.3583.

[12] Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade induces responses by
inhibiting adaptive immune resistance. Nature 2014;515(7528):568–71. https://
doi.org/10.1038/nature13954.

[13] Buchbinder EI, Desai A. CTLA-4 and PD-1 pathways: similarities, differences, and
implications of their inhibition. Am J Clin Oncol 2016;39(1):98–106. https://doi.
org/10.1097/COC.0000000000000239.

[14] Seidel JA, Otsuka A, Kabashima K. Anti-PD-1 and anti-CTLA-4 therapies in cancer:
mechanisms of action, efficacy, and limitations. Front Oncol 2018;8(MAR)::1–14.
https://doi.org/10.3389/fonc.2018.00086.

[15] Veluswamy P, Bruder D. PD-1/PD-L1 pathway inhibition to restore effector func-
tions in exhausted CD8+ T cells: chances, limitations and potential risks. Transl
Cancer Res 2018;7(Suppl 4):S530–7. https://doi.org/10.21037/tcr.2018.04.04.

[16] Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and immune correlates of
anti-PD-1 antibody in cancer. N Engl J Med 2012;366(26):2443–54. https://doi.
org/10.1056/NEJMoa1200690.

[17] Le DT, Uram JN, Wang H, et al. PD-1 blockade in tumors with mismatch-repair
deficiency. N Engl J Med 2015;372(26):2509–20. https://doi.org/10.1056/
NEJMoa1500596.

[18] Ratti M, Lampis A, Hahne JC, Passalacqua R, Valeri N. Microsatellite instability in
gastric cancer: molecular bases, clinical perspectives, and new treatment ap-
proaches. Cell Mol Life Sci 2018;75(22):4151–62. https://doi.org/10.1007/s00018-
018-2906-9.

[19] Fuchs CS, Doi T, Jang RW, et al. Safety and efficacy of pembrolizumab monotherapy
in patients with previously treated advanced gastric and gastroesophageal junction
cancer: Phase 2 clinical KEYNOTE-059 Trial. JAMA Oncol 2018;4(5):e180013.
https://doi.org/10.1001/jamaoncol.2018.0013.

[20] Marrelli D, Polom K, Pascale V, et al. Strong prognostic value of microsatellite in-
stability in intestinal type non-cardia gastric cancer. Ann Surg Oncol
2016;23(3):943–50. https://doi.org/10.1245/s10434-015-4931-3.

[21] Ellegren H. Microsatellites: simple sequences with complex evolution. Nat Rev
Genet 2004;5(6):435–45. https://doi.org/10.1038/nrg1348.

[22] Yuza K, Nagahashi M, Watanabe S, Takabe K, Wakai T. Hypermutation and mi-
crosatellite instability in gastrointestinal cancers. Oncotarget
2017;8(67):112103–15. https://doi.org/10.18632/oncotarget.22783.

[23] Latham A, Srinivasan P, Kemel Y, et al. Microsatellite instability is associated with
the presence of lynch syndrome pan-cancer. J Clin Oncol 2019;37(4):286–95.
https://doi.org/10.1200/JCO.18.00283.

[24] Fleisher AS, Esteller M, Wang S, et al. Hypermethylation of the hMLH1 gene pro-
moter in human gastric cancers with microsatellite instability. Cancer Res
1999;59(5):1090–5.

[25] Silva-Fernandes IJDL, De Oliveira ES, Santos JC, et al. The intricate interplay be-
tween MSI and polymorphisms of DNA repair enzymes in gastric cancer H.pylori
associated. Mutagenesis 2017;32(4):471–8. https://doi.org/10.1093/mutage/
gex013.

[26] Kim JJ, Tao H, Carloni E, Leung WK, Graham DY, Sepulveda AR. Helicobacter
pylori impairs DNA mismatch repair in gastric epithelial cells. Gastroenterology
2002;123(2):542–53. https://doi.org/10.1053/gast.2002.34751.

[27] Machado AMD, Figueiredo C, Touati E, et al. Helicobacter pylori infection induces
genetic instability of nuclear and mitochondrial DNA in gastric cells. Clin Cancer
Res 2009;15(9):2995–3002. https://doi.org/10.1158/1078-0432.CCR-08-2686.

[28] Hudler P. Genetic aspects of gastric cancer instability. Sci World J
2012;2012:761909. https://doi.org/10.1100/2012/761909.

[29] Shia J. Immunohistochemistry versus microsatellite instability testing for screening
colorectal cancer patients at risk for hereditary nonpolyposis colorectal cancer
syndrome. Part I. The utility of immunohistochemistry. J Mol Diagn
2008;10(4):293–300. https://doi.org/10.2353/jmoldx.2008.080031.

[30] Murphy KM, Zhang S, Geiger T, et al. Comparison of the microsatellite instability
analysis system and the Bethesda panel for the determination of microsatellite in-
stability in colorectal cancers. J Mol Diagn 2006;8(3):305–11. https://doi.org/10.
2353/jmoldx.2006.050092.

[31] Deschoolmeester V, Baay M, Wuyts W, et al. Detection of microsatellite instability
in colorectal cancer using an alternative multiplex assay of quasi-monomorphic
mononucleotide markers. J Mol Diagn 2008;10(2):154–9. https://doi.org/10.2353/
jmoldx.2008.070087.

[32] Middha S, Zhang L, Nafa K, et al. Reliable pan-cancer microsatellite instability as-
sessment by using targeted next-generation sequencing data. JCO Precis Oncol
2017;2017. https://doi.org/10.1200/PO.17.00084.

[33] Polom K, Marano L, Marrelli D, et al. Meta-analysis of microsatellite instability in

relation to clinicopathological characteristics and overall survival in gastric cancer.
Br J Surg 2018;105(3):159–67. https://doi.org/10.1002/bjs.10663.

[34] Choi YY, Kim H, Shin S-J, 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(2):309–16. https://doi.
org/10.1097/SLA.0000000000002803.

[35] Haag GM, Czink E, Ahadova A, et al. Prognostic significance of microsatellite-in-
stability in gastric and gastroesophageal junction cancer patients undergoing
neoadjuvant chemotherapy. Int J Cancer 2019;144(7):1697–703. https://doi.org/
10.1002/ijc.32030.

[36] Hashimoto T, Kurokawa Y, Takahashi T, et al. Predictive value of MLH1 and PD-L1
expression for prognosis and response to preoperative chemotherapy in gastric
cancer. Gastric Cancer 2019;22(4):785–92. https://doi.org/10.1007/s10120-018-
00918-4.

[37] Kim SY, Choi YY, An JY, 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(4):819–25. https://doi.org/10.
1002/ijc.29449.

[38] Smyth EC, Wotherspoon A, Peckitt C, et al. Mismatch repair deficiency, micro-
satellite instability, and survival: an exploratory analysis of the medical research
council adjuvant gastric infusional chemotherapy (MAGIC) trial. JAMA Oncol
2017;3(9):1197–203. https://doi.org/10.1001/jamaoncol.2016.6762.

[39] Kohlruss M, Grosser B, Krenauer M, et al. Prognostic implication of molecular
subtypes and response to neoadjuvant chemotherapy in 760 gastric carcinomas:
role of Epstein-Barr virus infection and high- and low-microsatellite instability. J
Pathol Clin Res 2019;5(4):227–39. https://doi.org/10.1002/cjp2.137.

[40] Polom K, Marrelli D, Roviello G, et al. Molecular key to understand the gastric
cancer biology in elderly patients-The role of microsatellite instability. J Surg Oncol
2017;115(3):344–50. https://doi.org/10.1002/jso.24513.

[41] Polom K, Boger C, Smyth E, et al. Synchronous metastatic gastric cancer-molecular
background and clinical implications with special attention to mismatch repair
deficiency. Eur J Surg Oncol 2018;44(5):626–31. https://doi.org/10.1016/j.ejso.
2018.02.208.

[42] Integrated genomic characterization of oesophageal carcinoma. Nature
2017;541(7636):169–75. https://doi.org/10.1038/nature20805.

[43] Farris 3rd AB, Demicco EG, Le LP, et al. Clinicopathologic and molecular profiles of
microsatellite unstable Barrett Esophagus-associated adenocarcinoma. Am J Surg
Pathol 2011;35(5):647–55. https://doi.org/10.1097/PAS.0b013e31820f18a2.

[44] Imamura Y, Watanabe M, Toihata T, et al. Recent incidence trend of surgically
resected esophagogastric junction adenocarcinoma and microsatellite instability
status in Japanese patients. Digestion 2019;99(1):6–13. https://doi.org/10.1159/
000494406.

[45] Zhu L, Li Z, Wang Y, Zhang C, Liu Y, Qu X. Microsatellite instability and survival in
gastric cancer: a systematic review and meta-analysis. Mol Clin Oncol
2015;3(3):699–705. https://doi.org/10.3892/mco.2015.506.

[46] Choi YY, Bae JM, An JY, et al. Is microsatellite instability a prognostic marker in
gastric cancer? A systematic review with meta-analysis. J Surg Oncol
2014;110(2):129–35. https://doi.org/10.1002/jso.23618.

[47] Beghelli S, De Manzoni G, Barbi S, et al. Microsatellite instability in gastric cancer is
associated with better prognosis in only stage II cancers. Surgery
2006;139(3):347–56. https://doi.org/10.1016/j.surg.2005.08.021.

[48] Angell HK, Lee J, Kim K, et al. PD-L1 and immune infiltrates are differentially ex-
pressed in distinct subgroups of gastric cancer. Oncoimmunology 2019;8(2):1–11.
https://doi.org/10.1080/2162402X.2018.1544442.

[49] Shitara K, Ozguroglu M, Bang Y-J, et al. Pembrolizumab versus paclitaxel for pre-
viously treated, advanced gastric or gastro-oesophageal junction cancer (KEYNOTE-
061): a randomised, open-label, controlled, phase 3 trial. Lancet (London, England)
2018;392(10142):123–33. https://doi.org/10.1016/S0140-6736(18)31257-1.

[50] Shitara K, Van Cutsem E, Bang Y-J. First-line pembrolizumab versus chemotherapy
in patients with advanced G/GEJ cancer demonstrates similar survival and HRQoL.
In: European society for medical oncology conference. Barcelona; 2019.

[51] Coebergh van den Braak RRJ, van Rijssen LB, van Kleef JJ, et al. Nationwide
comprehensive gastro-intestinal cancer cohorts: the 3P initiative. Acta Oncol
2018;57(2):195–202. https://doi.org/10.1080/0284186X.2017.1346381.

[52] Irving JA, Hall AG. Mismatch repair defects as a cause of resistance to cytotoxic
drugs. Expert Rev Anticancer Ther 2001;1(1):149–58. https://doi.org/10.1586/
14737140.1.1.149.

[53] Karran P, Stephenson C. Mismatch binding proteins and tolerance to alkylating
agents in human cells. Mutat Res 1990;236(2–3):269–75. https://doi.org/10.1016/
0921-8777(90)90010-3.

[54] Hawn MT, Umar A, Carethers JM, et al. Evidence for a connection between the
mismatch repair system and the G2 cell cycle checkpoint. Cancer Res
1995;55(17):3721–5.

[55] Aebi S, Kurdi-Haidar B, Gordon R, et al. Loss of DNA mismatch repair in acquired
resistance to cisplatin. Cancer Res 1996;56(13):3087–90.

[56] Carethers JM, Chauhan DP, Fink D, et al. Mismatch repair proficiency and in vitro
response to 5-fluorouracil. Gastroenterology 1999;117(1):123–31. https://doi.org/
10.1016/s0016-5085(99)70558-5.

[57] Meyers M, Wagner MW, Mazurek A, Schmutte C, Fishel R, Boothman DA. DNA
mismatch repair-dependent response to fluoropyrimidine-generated damage. J Biol
Chem 2005;280(7):5516–26. https://doi.org/10.1074/jbc.M412105200.

[58] Griffin S, Branch P, Xu YZ, Karran P. DNA mismatch binding and incision at
modified guanine bases by extracts of mammalian cells: implications for tolerance
to DNA methylation damage. Biochemistry 1994;33(16):4787–93. https://doi.org/
10.1021/bi00182a006.

[59] Anthoney DA, McIlwrath AJ, Gallagher WM, Edlin AR, Brown R. Microsatellite

M.J.M. van Velzen, et al. Cancer Treatment Reviews 86 (2020) 102024

7

https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1016/S0140-6736(13)61719-5
https://doi.org/10.1016/S0140-6736(13)61719-5
https://doi.org/10.1007/s40265-018-1032-1
https://doi.org/10.1007/s40265-018-1032-1
https://doi.org/10.3748/wjg.v24.i32.3583
https://doi.org/10.1038/nature13954
https://doi.org/10.1038/nature13954
https://doi.org/10.1097/COC.0000000000000239
https://doi.org/10.1097/COC.0000000000000239
https://doi.org/10.3389/fonc.2018.00086
https://doi.org/10.21037/tcr.2018.04.04
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1056/NEJMoa1500596
https://doi.org/10.1056/NEJMoa1500596
https://doi.org/10.1007/s00018-018-2906-9
https://doi.org/10.1007/s00018-018-2906-9
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1245/s10434-015-4931-3
https://doi.org/10.1038/nrg1348
https://doi.org/10.18632/oncotarget.22783
https://doi.org/10.1200/JCO.18.00283
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0120
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0120
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0120
https://doi.org/10.1093/mutage/gex013
https://doi.org/10.1093/mutage/gex013
https://doi.org/10.1053/gast.2002.34751
https://doi.org/10.1158/1078-0432.CCR-08-2686
https://doi.org/10.1100/2012/761909
https://doi.org/10.2353/jmoldx.2008.080031
https://doi.org/10.2353/jmoldx.2006.050092
https://doi.org/10.2353/jmoldx.2006.050092
https://doi.org/10.2353/jmoldx.2008.070087
https://doi.org/10.2353/jmoldx.2008.070087
https://doi.org/10.1200/PO.17.00084
https://doi.org/10.1002/bjs.10663
https://doi.org/10.1097/SLA.0000000000002803
https://doi.org/10.1097/SLA.0000000000002803
https://doi.org/10.1002/ijc.32030
https://doi.org/10.1002/ijc.32030
https://doi.org/10.1007/s10120-018-00918-4
https://doi.org/10.1007/s10120-018-00918-4
https://doi.org/10.1002/ijc.29449
https://doi.org/10.1002/ijc.29449
https://doi.org/10.1001/jamaoncol.2016.6762
https://doi.org/10.1002/cjp2.137
https://doi.org/10.1002/jso.24513
https://doi.org/10.1016/j.ejso.2018.02.208
https://doi.org/10.1016/j.ejso.2018.02.208
https://doi.org/10.1097/PAS.0b013e31820f18a2
https://doi.org/10.1159/000494406
https://doi.org/10.1159/000494406
https://doi.org/10.3892/mco.2015.506
https://doi.org/10.1002/jso.23618
https://doi.org/10.1016/j.surg.2005.08.021
https://doi.org/10.1080/2162402X.2018.1544442
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1080/0284186X.2017.1346381
https://doi.org/10.1586/14737140.1.1.149
https://doi.org/10.1586/14737140.1.1.149
https://doi.org/10.1016/0921-8777(90)90010-3
https://doi.org/10.1016/0921-8777(90)90010-3
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0270
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0270
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0270
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0275
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0275
https://doi.org/10.1016/s0016-5085(99)70558-5
https://doi.org/10.1016/s0016-5085(99)70558-5
https://doi.org/10.1074/jbc.M412105200
https://doi.org/10.1021/bi00182a006
https://doi.org/10.1021/bi00182a006
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0295


instability, apoptosis, and loss of p53 function in drug-resistant tumor cells. Cancer
Res 1996;56(6):1374–81.

[60] Fink D, Nebel S, Aebi S, et al. The role of DNA mismatch repair in platinum drug
resistance. Cancer Res 1996;56(21):4881–6.

[61] Fink D, Zheng H, Nebel S, et al. In vitro and in vivo resistance to cisplatin in cells
that have lost DNA mismatch repair. Cancer Res 1997;57(10):1841–5.

[62] Liu L, Markowitz S, Gerson SL. Mismatch repair mutations override alkyltransferase
in conferring resistance to temozolomide but not to 1,3-bis(2-chloroethyl)ni-
trosourea. Cancer Res 1996;56(23):5375–9.

[63] Fink D, Nebel S, Norris PS, et al. The effect of different chemotherapeutic agents on
the enrichment of DNA mismatch repair-deficient tumour cells. Br J Cancer
1998;77(5):703–8. https://doi.org/10.1038/bjc.1998.116.

[64] Aebi S, Fink D, Gordon R, et al. Resistance to cytotoxic drugs in DNA mismatch
repair-deficient cells. Clin Cancer Res 1997;3(10):1763–7.

[65] Drummond JT, Anthoney A, Brown R, Modrich P. Cisplatin and adriamycin re-
sistance are associated with MutLalpha and mismatch repair deficiency in an
ovarian tumor cell line. J Biol Chem 1996;271(33):19645–8. https://doi.org/10.
1074/jbc.271.33.19645.

[66] de las Alas MM, Aebi S, Fink D, Howell SB, Los G. Loss of DNA mismatch repair:
effects on the rate of mutation to drug resistance. J Natl Cancer Inst
1997;89(20):1537–41. https://doi.org/10.1093/jnci/89.20.1537.

[67] Li LS, Morales JC, Veigl M, et al. DNA mismatch repair (MMR)-dependent 5-
fluorouracil cytotoxicity and the potential for new therapeutic targets. Br J
Pharmacol 2009;158(3):679–92. https://doi.org/10.1111/j.1476-5381.2009.
00423.x.

[68] 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 che-
motherapy after R0 resection. Int J Cancer 2012;131(2):505–11. https://doi.org/
10.1002/ijc.26399.

[69] Noh SH, Park SR, Yang H-K, et al. Adjuvant capecitabine plus oxaliplatin for gastric

cancer after D2 gastrectomy (CLASSIC): 5-year follow-up of an open-label, rando-
mised phase 3 trial. Lancet Oncol 2014;15(12):1389–96. https://doi.org/10.1016/
S1470-2045(14)70473-5.

[70] Bang Y-J, Kim Y-W, Yang H-K, et al. Adjuvant capecitabine and oxaliplatin for
gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label, randomised
controlled trial. Lancet (London, England) 2012;379(9813):315–21. https://doi.
org/10.1016/S0140-6736(11)61873-4.

[71] Culy CR, Clemett D, Wiseman LR. Oxaliplatin: a review of its pharmacological
properties and clinical efficacy in metastatic colorectal cancer and its potential in
other malignancies. Drugs 2000;60(4):895–924. https://doi.org/10.2165/
00003495-200060040-00005.

[72] Pietrantonio F, Miceli R, Raimondi A, et al. Individual patient data meta-analysis of
the value of microsatellite instability as a biomarker in gastric cancer. J Clin Oncol
2019;JCO.19.01124. https://doi.org/10.1200/jco.19.01124.

[73] Oki E, Kakeji Y, Zhao Y, et al. Chemosensitivity and survival in gastric cancer pa-
tients with microsatellite instability. Ann Surg Oncol 2009;16(9):2510–5. https://
doi.org/10.1245/s10434-009-0580-8.

[74] Cats A, Jansen EPM, van Grieken NCT, et al. Chemotherapy versus chemor-
adiotherapy after surgery and preoperative chemotherapy for resectable gastric
cancer (CRITICS): an international, open-label, randomised phase 3 trial. Lancet
Oncol 2018;19(5):616–28. https://doi.org/10.1016/S1470-2045(18)30132-3.

[75] Biesma H, Sikorska K, Hoek D, et al. Effect of perioperative treatment on micro-
sattelite instable gastric cancer in the CRITICS trial. International gastric cancer
conference. Prague. 2019.

[76] Miceli R, Di M, Morano F. Prognostic impact of microsatellite instability in Asian
gastric cancer patients enrolled in the ARTIST trial; 2019:38–43. https://doi/.org/
10.1159/000499628.

[77] Lordick F. Perspectives Spotlight Chemotherapy for resectable microsatellite in-
stability-high gastric cancer ? Lancet Oncol 2019;21(2):203. https://doi.org/10.
1016/S1470-2045(20)30012-7.

M.J.M. van Velzen, et al. Cancer Treatment Reviews 86 (2020) 102024

8

http://refhub.elsevier.com/S0305-7372(20)30062-1/h0295
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0295
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0300
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0300
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0305
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0305
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0310
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0310
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0310
https://doi.org/10.1038/bjc.1998.116
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0320
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0320
https://doi.org/10.1074/jbc.271.33.19645
https://doi.org/10.1074/jbc.271.33.19645
https://doi.org/10.1093/jnci/89.20.1537
https://doi.org/10.1111/j.1476-5381.2009.00423.x
https://doi.org/10.1111/j.1476-5381.2009.00423.x
https://doi.org/10.1002/ijc.26399
https://doi.org/10.1002/ijc.26399
https://doi.org/10.1016/S1470-2045(14)70473-5
https://doi.org/10.1016/S1470-2045(14)70473-5
https://doi.org/10.1016/S0140-6736(11)61873-4
https://doi.org/10.1016/S0140-6736(11)61873-4
https://doi.org/10.2165/00003495-200060040-00005
https://doi.org/10.2165/00003495-200060040-00005
https://doi.org/10.1200/jco.19.01124
https://doi.org/10.1245/s10434-009-0580-8
https://doi.org/10.1245/s10434-009-0580-8
https://doi.org/10.1016/S1470-2045(18)30132-3
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0375
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0375
http://refhub.elsevier.com/S0305-7372(20)30062-1/h0375
https://doi.org/10.1016/S1470-2045(20)30012-7
https://doi.org/10.1016/S1470-2045(20)30012-7

	MSI as a predictive factor for treatment outcome of gastroesophageal adenocarcinoma
	Introduction
	Microsatellite instability in gastroesophageal cancer
	Testing for MSI
	Prevalence of MSI in gastroesophageal adenocarcinoma
	MSI and immune checkpoint inhibition
	MSI and effect of cytotoxic agents: preclinical mechanistic data
	MSI and effect of cytotoxic agents: clinical data
	Implications for clinical practice and research
	Declaration of Competing Interest
	References




