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Abstract: The use of biomarkers that influence a targeted choice in cancer treatments

is the future of medical oncology. Within this scenario, in recent years, an important role

has been played by knowledge of microsatellite instability (MSI), a molecular fingerprint

that identifies defects in the mismatch repair system. This knowledge has changed clinical
practice in the adjuvant setting of colon cancer, and its role in the neoadjuvant setting in
gastric tumours is becoming increasingly interesting, as well as in endometrial cancers in
both early and advanced diseases. Furthermore, it has undoubtedly conditioned the first
lines of treatment in the metastatic setting in different types of cancers. The incidence of MSI
is different in different cancer types, as well as in early cancers versus metastatic disease.
Knowing the incidence of MSI in the various histologies can provide insight into the potential
use of this biomarker considering its prognostic value, especially in the early stages, and its
predictive role with respect to treatment response. In particular, MSl can guide the choice of
chemotherapy treatments in the adjuvant setting of colon and perioperative setting in gastric
tumours, which could lead to immunotherapy treatments in these patients in both the early
stages of the disease and the metastatic setting where the response to immunotherapy
drugs in diseases with MSl is now well established. In this review, we focus on colon, gastric
and endometrial cancers, and we briefly discuss other cancer types where MSI could have a
potential role in oncological treatment decisions.
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Introduction

Oncological clinical practice is increasingly aimed
at identifying personalized and targeted drugs for
the treatment of tumours. This has led to the search
for targetable markers that identify patients who are
more susceptible to a given treatment. This research
primarily concerns biological drugs targeting cer-
tain molecular characteristics of the disease, unlike
the use of chemotherapeutic drugs for which clini-
cal research has not yet led to the identification of
predictive response markers that would allow per-
sonalized treatments. However, in recent years, an
aid to determining patient eligibility for standard
chemotherapy treatments and identifying a propor-
tion of unresponsive patients has been identified by
increasing knowledge regarding the significance of

microsatellite instability (MSI).! MSI is a molecu-
lar fingerprint that identifies defects in the mis-
match repair system (dMMR). This mechanism
involves a series of mismatch DNA repair enzymes,
which are MutlL homologue 1 (MLHI1), MutLL
homologue 3 (MLH3), MutS homologue 2
(MSH2), MutS homologue 3 (MSH3), MutS
homologue 6 (MSHG6), postmeiotic segregation
increased by 1 (PMS1) and postmeiotic segrega-
tion increased by 2 (PMS2). During normal DNA
replication, the MSH2/MSH6 and MSH2/MSH?3
heterodimeric complexes are responsible for detect-
ing and binding DNA mismatch errors, while
MLH1/PMS2 heterodimers are responsible for
excision and resynthesis of the correct DNA bases
in mismatch sites.
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Therefore, loss of transcription or functional
defects in one or more proteins of this fundamen-
tal control complex results in a systemic defect
and consequent unsuccessful DNA repair.2 This
favours the accumulation of mutations in brief
repetitive DNA sequences called microsatellites,
which are distributed throughout the coding and
noncoding genome and are generally unstable
and identical in all cells from an individual. They
are particularly sensitive to DNA mismatch errors
because the constant repeat of the same nucleo-
tides causes slippage of the DNA polymerase and
errors in the absence of an efficient correction
system. MSI is the result of variation in the num-
ber of mononucleotide and dinucleotide repeti-
tions in tumour cells compared with normal cells,
and their difference in length can be used as a
surrogate to indirectly identify a mismatch repair
system deficiency? (see Figure 1).

Standard diagnostic methods for identifying MSI
in cancer include testing MSI status using molec-
ular biology techniques? or, in daily clinical prac-
tice, evaluating expression of the four MMR
proteins by immunohistochemistry (IHC) on his-
tological tissue sections as a valid surrogate to
identify tumours with a higher probability of
instability,> though there is a slight and well-doc-
umented discordance between these two meth-
ods.® THC is a relatively simple and widely
available technique in all pathology laboratories
that enables identification of the specific defective
MMR protein by comparing expression between
tumour cells and adjacent normal tissue.”>® On
the contrary, IHC can be subject to preanalytical
issues and fixation artefacts (false negatives), as
well as aberrant or heterogeneous staining and
false-positives because 6-7% of MSI tumours
retain MMR THC expression due to catalytically
inactive mutated MMR proteins or other more
complex molecular and epigenetic mechanisms
underlying MSI, such as polymerase epsilon
(POLE) mutations or MLH1 promoter methyla-
tion.%10 In these cases, and generally when THC
results are indeterminate or open to interpreta-
tion, MSI molecular testing should be performed
according to Bethesda!! and European Society
for Medical Oncology (ESMO) guidelines.!2 MSI
testing is based on polymerase chain reaction
(PCR) amplification of microsatellite markers
using different panels available comprising a com-
bination of mononucleotide and dinucleotide
repeats. Thus, MMR-IHC and MSI-PCR exhibit
high concordance (90-95%),5-8 but both tests
should be performed to assess eligibility for

treatment,!2 as a recent report demonstrated that
nearly 10% of patients enrolled for immunother-
apy in metastatic colorectal cancer (CRC) had
false-positive  dMMR or MSI-PCR results.!3
Next-generation sequencing (NGS) represents an
appropriate alternative molecular test for assess-
ing MSI and tumour mutational burden (TMB),
especially in non-Lynch-associated tumours,
where the molecular mechanisms driving MSI
can be more complex and involve more genes and
unusual pathways.10:12 Nevertheless, NGS can be
performed only in selected centres due to the
expensive and required expertise.

The hypotheses that have been formulated to
explain the biological mechanisms underlying
resistance to chemotherapy of MSI-associated
diseases primarily concern adjuvant fluorouracil-
based treatments in CRC. Often cited in the lit-
erature are studies on the antitumor immune
response, represented by the lymphocyte infil-
trate that characterizes MSI diseases and which
would be the basis for the best prognosis of these
patients, an advantage contrasted by the immu-
nosuppressive effects of chemotherapy and that
explains the lack of benefit of fluoropyrimidine
(FP)-based chemotherapy.!* It is important to
contextualize that these studies refer to stage II
CRCs. According to some authors, the addition
of irinotecan!> or oxaliplatin!® counteract resist-
ance to fluorouracil in MSI tumours. However,
these hypotheses have not been confirmed in
randomized studies. Another interesting hypoth-
esis is provided by an i wvitro study in which it
would seem that mismatch repair proteins are
fundamental for establishing the fluorouracil
(FU)-DNA complex and that their deficiency
reduces the binding of FU to DNA and conse-
quently the antitumor drug effect.!” Regardless
of hypotheses on the potential chemoresistance
of MSI diseases, it is clear that this molecular
marker plays a fundamental role in clinical oncol-
ogy practice.

In this review, we will refer to the state of MMR/
deficiency or MSI/high using the term MSI to
refer more generally to the fingerprint that char-
acterizes these diseases.

Based on the patient’s history and familial infor-
mation, genetic counselling is suggested for sus-
pected Lynch syndrome. Young patient age,
familial cases of Lynch syndrome-related cancers
(colon cancer, gastric cancer, endometrial can-
cer) and absence of MMR proteins in cancer
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Figure 1. The MMR system consists of a group of proteins encoded by eight genes: MSH2, MSH3, MSHS5,
MSHé, MLH1, PMS1 (MLH2], MLH3 and PMS2. These proteins interact as heterodimers capable of perceiving
and repairing mismatched DNA bases or error from basis insertions or deletions. To correct errors, MSH2
creates two distinct heterodimers, MSH2-MSH6 and MSH2-MSH3 (also called MutSa and MutSB, respectively),
which constitute a clamp that binds to misalignments forming a complex of diffusible ATP-bound proteins
that slide the clamps controlling the postreplicated DNA strand and initiating DNA repair. MSH2-MSH6
heterodimers detect single-base mismatches and dinucleotide insertion-deletion distortions, while MSH2-
MSH3 identify larger insertion-deletion loops that are ~13 nucleotides long. Specifically, when a G/T
mismatch is recognized, the MSH2-MSHé complex exchanges ADP for ATP, activating the complex. Other
molecules, such as proliferating cell nuclear antigen (PCNA), replication factor C (RFC), MutLa (a MLH1-
PMS2 heterodimer] and exonuclease 1 (Exo1), are recruited to the complex, leading to the final dissociation

of the mismatch. The hMLH1-hPMS2 complex contains endogenous endonuclease activity that impacts the
unmethylated strand. Single-stranded DNA breaks generate an entry point for the EXO1 exonuclease, which is
required for degradation of the DNA strand-containing mismatched bases.

tissue require genetic testing. NGS techniques Currently, in clinical practice, in Europe, deter-
allow multiple gene analyses and are useful for mining the status of microsatellites is required
resolving doubts regarding hereditary or sporadic  only in patients diagnosed with colon and endo-
cancer origin, leading to tailored familial screen- metrial cancers,!%2° while in the United States it
ing and surveillance.!® is also recommended in gastric cancer.
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This review aims to provide an overview of the
possible use of this molecular fingerprint with
particular attention to the chemosensitivity of
neoplasms with MSI and the possible implica-
tions of this information in the therapeutic deci-
sion-making process.

Colorectal cancer

CRC is one of the most common cancers in terms
of incidence and mortality, ranking third as a
cause of cancer-related death worldwide.2!

Currently, two different molecular genetic path-
ways have been distinguished, one involving
chromosomal instability (CIN) and the other
involving MSI. With respect to CIN, there are a
series of genetic changes leading to the activation
of proto-oncogenes (e.g. K-RAS, CTNNBI1 and
PIK3CA) and inactivation of tumour suppressor
genes (e.g. p53, APC, SMAD2/4). This genetic
pathway represents the most frequent pathoge-
netic alteration of CRCs, occurring in up to 80%
of cases.??2 The second pathway of colorectal car-
cinogenesis is represented by MSI.

Greater awareness of the diversity of CRC and
the implication that this difference has in the
pharmacological management of these diseases
has been conferred by the discovery of MSI.
Currently, 10-25% of colon cancers are esti-
mated to have MSI, of which 3% are hereditary
and associated with Lynch syndrome, while the
remaining 12% are caused by somatic and
acquired hypermethylation of the MLHI1 gene
promoter. The prevalence of MSI in rectal cancer
is less frequent than that in colon cancer, occur-
ring in approximately 10% of cases.??

MSI CRCs have a phenotype including a greater
onset in the right colon, a better prognosis and a
decreased susceptibility to chemotherapy. They
are also characterized by a lymphocytic infiltrate
with a prominent inflammatory reaction that is
poorly differentiated and often presents as the
mucinous type.2* CRC oncogenesis is character-
ized by a sequential accumulation of genetic alter-
ations that overcome the redundant control
mechanisms built into each cell, resulting in grad-
ual tumour development. Several studies have
attempted to determine how these alterations
develop in an attempt to differentiate and recog-
nize different phenotypes of CRCs. Among these
studies, data published by the international mul-
ticentre study led by Bert Vogelstein and Albert

de la Chapelle elucidated the clinical implications
of MSI, demonstrating that deletion mutations in
microsatellite sequences were widespread in
inherited CRCs and in 13% of sporadic cases,
indicating that hereditary cancers and a subset of
sporadic cancers share a unique path of tumour
development.?>

These observations have important implications
for the clinical practice of CRC, both in localized
disease and in the metastatic setting. In this con-
text, rectal cancer will be discussed separately.

Colon cancer

Determining the status of microsatellites has cer-
tainly gained in popularity due to its predictive
value in directing management with conventional
chemotherapy or novel-targeted agents and its
prognostic significance for patient.2® In recent
years, the clinical management of CRC has seen
important practice changes in both adjuvant and
inoperable settings.

The primary clinical trials investigating the pre-
dictive role of MSI status on chemotherapy
response are shown in both settings in Table 1,
which summarizes the primary studies investi-
gating the predictive role of MSI in colon
cancer.

Resectable tumours

The first study published on the responsiveness of
CRC with respect to MSI by Elsaleh ez al.?” con-
cluded that cancers with MSI were more sensitive
to adjuvant chemotherapy than tumours without
MSI. This conclusion, which was subsequently
demonstrated to be incorrect, derives from the
design of this study; in particular, the assignment
of patients to the treatment groups was at the dis-
cretion of oncologists rather than randomized. In
fact, a careful evaluation of the study population
shows that the patients selected for chemotherapy
were characterized by fewer comorbidities and
better performance status.

However, subsequent studies investigating the
role of MSI as a predictor of response to chemo-
therapy treatments in the adjuvant setting did not
show any benefit for chemotherapy in patients
with MSI CRC (Table 1).

In particular, studies conducted by Ribic in 2003
and Sargent in 2010 provided evidence of the lack
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of survival benefit in stage II MSI CRC patients
receiving adjuvant 5-FU.15:27

Currently, it is known that the prevalence of the
MSI phenotype in stage II CRC is approximately
10-15%, and it is usually associated with lower N
stage and poor differentiation. These patients also
have an excellent prognosis compared with those
with microsatellite stability (90 versus 66%) and
potential resistance to 5-fluorouracil.52

For this reason, current international guidelines
recommend that stage II patients with MSI
tumours should not receive adjuvant treatment
with 5-FU-based chemotherapy.!® However, this
assumption is not always valid, although MSI sta-
tus represents to date the most reliable molecular
prognostic marker for deciding the management
for stage II CRCs. In fact, this biomarker cannot
be used without considering other prognostic fac-
tors. Specifically, in recent guidelines published
by the ESMO for patients with nonmetastatic
colon cancer, patients having fewer than 12 lymph
nodes examined or T4 staging should be consid-
ered at high risk regardless of their microsatellite
status. The role of MSI in this subgroup is cur-
rently considered uncertain.>?

In stage III patients, the role of MSI as a predic-
tive biomarker of response to chemotherapy is not
fully understood,3” although the MSI phenotype
remains a favourable prognostic factor in patients
with stage III colon cancer receiving adjuvant
5-FU-based chemotherapy.4!

Various studies have attempted to clarify these
associations, but controversy still exists regarding
the utility of several molecular markers for pre-
dicting survival in the context of adjuvant chemo-
therapy for stage III CRCs. For example, the
study conducted by Chouhan ez al. concluded
that the MSI test is predictive of the response to
adjuvant chemotherapy in stage III colon cancer
only when the results are interpreted in combina-
tion with BRAF. In particular, neither BRAF sta-
tus nor MSI was individually predictive of survival
benefit, but rather, the association between these
two biomarkers was predictive.#? In fact, BRAF
mutation configures a proportion of CRC
tumours a poor prognosis, reducing the benefits
derived from MSI. In a pooled analysis, survival
after relapse in patients with stage III CRC treated
with chemotherapy in the adjuvant setting was
higher in the MSI phenotype than in the MSS
phenotype. The BRAFV600E mutation was a

poor prognostic factor in both MSI and MSS
patients.*? Similar results emerged from a study
led by Sinicrope er al.,*! underlining the impor-
tance of these biomarkers for patient manage-
ment at recurrence.

To date, adjuvant chemotherapy with FP and
oxaliplatin in patients with the stage III CRC
MSI phenotype remains the gold standard. In a
study conducted by Cohen etz al. of 5457 patients,
the addition of oxaliplatin to 5-fluorouracil
improved overall survival (OS) and disease-free
survival (DFS) in patients with MSI stage III CC.
The better prognosis of patients with MSI com-
pared with MSS was confirmed in patients with
N1 stage, while it was comparable in patients
with N2 stage.%

Given the high efficacy of immunotherapy drugs
in patients with metastatic CRC MSI and the
uncertain role of chemotherapy in stages II and
III in this category of patients, the hypothesis of
performing adjuvant treatment with immuno-
therapy has emerged in recent years. The patients
with MSI CRC who hypothetically could benefit
most are in the T4 or N2 stages, which is the
proportion of patients with the highest risk of
relapse. In addition to T and N factors, several
future biomarkers could aid in the selection of
patients, such as the presence of persistent circu-
lating tumour DNA after surgery.>* Several clini-
cal trials are currently validating the efficacy of
immunotherapy, combined with chemotherapy
or monotherapy, in these patient settings. Two
phase III randomized trials for resected stage III
MSI CRC are ongoing: the ATOMIC study,
which is evaluating FOLFOX (5-FU/LV +
oxaliplatin) * atezolizumab for 6months plus
maintenance with atezolizumab or placebo for
6months (NCT02912559), and the POLEM
study (NCTO03827044), which evaluates
24 weeks of FP versus 12weeks of FP plus oxali-
platin + avelumab for MSI or patients with
POLE mutation.

Metastatic setting

The use of MSI in clinical practice for metastatic
CRCs has become mandatory due to the implica-
tions of these data in selecting the best first-line
therapy to offer to the patient.3> In fact, MSI has
been configured as a strong predictor of efficacy
in blocking the immune checkpoint, leading to
the approval of immunotherapy drugs for MSI
patients with metastatic CRC. This important

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Volume 14

milestone has the most important added value to
clinical practice in CRC tumours in recent years.
The increased response to immunotherapy drugs
of MSI patients is correlated with the high TMB
and the burden of neoantigens, favouring the
infiltration of immune effector cells and the anti-
tumor immune responses within these tumours.>®
The infiltration of specific subgroups of func-
tional immune cells into these tumours is cur-
rently considered the cause of the good prognosis
and low risk of relapse in surgically treated
patients with stage I, IT and III disease.>?”

The US Food and Drug Administration (FDA)
approval of pembrolizumab, an anti-PD1 mono-
clonal antibody, in patients with MSI metastatic
tumours of any histology is due to the clinical
study conducted by Le er al., who enrolled 32
patients comprising 11 and 21 CRC patients with
MSI and MSS, respectively. Objective response
at 20weeks and PFS rates were 40% and 78%,
respectively, in CRC patients with MSI tumours
compared with 0% and 11% for those with MSS
tumours.’® These results were confirmed in a
subsequent study by Andre ez al.,* as reported in
Table 1.

Another anti-PD-1 monoclonal antibody,
nivolumab, was studied in monotherapy or in
combination with ipilimumab (anti-CTLA-4
monoclonal antibody) in a phase II study in MSI
CRC patients. The results of this study suggest a
superior efficiency of combination therapy of
nivolumab + ipilimumab compared with mono-
therapy with nivolumab (PFS at 12months 71%
versus 50%; OS 85% wversus 73%).4°

Although these data are very encouraging, the
proportion of patients who have access to these
new drugs is limited considering that the majority
of patients present with MSS cancers for which
immune checkpoint blockade fails to achieve bet-
ter survival. This necessitates greater molecular
knowledge of these diseases and the search for
additional biomarkers of susceptibility to anti-
PD1 antibodies. Ongoing research on MSS
tumours with DNA POLE mutations, comprising
2-3% of CRGC:s, is very interesting. In fact, these
enzymes are involved in the mechanisms of DNA
repair, and tumours with POLE mutations are
characterized by strong immune cell infiltration
similar to MSI tumours and similarly respond to
immunotherapy drugs.>® Therefore, despite the
important therapeutic breakthroughs in CRC
tumours, there is still much to understand. For

example, overcoming the mechanisms of primary
and secondary resistance to immunotherapy
drugs in MSI patients represents an important
challenge for CRC MSI disease.0:61

Rectal cancer

Although colon cancer (CC) and rectal cancer
(RC) are often referred to as a single entity
(CRCQ), these two tumours are different in many
regards. In fact, colon and rectal cancers differ
from the perspective of molecular carcinogenic
alterations, molecular profiles and enzymatic
expression models.®? In particular, MSI is more
frequently detected in proximal CC than in RC.%3
As illustrated above, MSI CC tends to have a
phenotype associated with proximal location and
poor differentiation compared with MSS CC, a
phenotype not observed in RC MSI.%¢ These two
tumours also differ with respect to the therapeutic
approach, which is characterized by multiple
modifications. However, most studies do not dif-
ferentiate these two neoplasms but refer to CC
and RC tumours as a single entity, especially in
the metastatic setting. A separate argument can
be made on locally advanced RC disease.

To date, the biological markers identifying
patients with locally advanced RC who would
benefit from neoadjuvant chemotherapy treat-
ment are unknown. Several studies have investi-
gated the utility of MSI data in selecting patients
for induction chemotherapy by studying its cor-
relation with different outcomes, such as com-
plete pathological response (pCR), downstaging,
posttreatment stage or regression grade. pCR is
currently considered the most important prog-
nostic factor. A study by Hasan ez al. enrolled a
total of 5086 patients with locally advanced RC
recorded in the American College of Surgeons
National Cancer Database. This retrospective
analysis found that MSI is independently associ-
ated with a reduction in pCR for locally advanced
RC after neoadjuvant chemoradiation.%
However, these data on the reduced response to
induction chemotherapy of MSI patients com-
pared with MSS patients are not consistent across
all published studies. Specifically, some studies
have hypothesized an association between MSI
and increased pCR rates,%%%7 while other studies
found no association between MSI and the pCR
rate.8:69 A meta-analysis of the published litera-
ture revealed no significant differences between
MSI and MSS patients treated with induction
chemotherapy for locally advanced RC.7°
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However, today, it is common practice to use
total neoadjuvant therapy consisting of neoadju-
vant chemotherapy followed by chemoradiother-
apy. Based on these data, the role of MSI status
remains to be clarified and to date cannot be used
as a selection factor or a predictor of response to
neoadjuvant chemotherapy/chemoradiotherapy.
Furthermore, neoadjuvant strategies using immu-
notherapy and chemoradiotherapy are being eval-
uated in clinical trials, and they could advance
understanding regarding the most appropriate
therapeutic management of these patients.

Gastric cancer

Gastric cancer (GC) is one of the world’s leading
causes of cancer morbidity and mortality, ranking
fifth in incidence and third in mortality.”! The
5-year survival rate remains very low because
most patients are diagnosed with metastatic dis-
ease. Chemotherapy drugs used in the metastatic
setting have slightly improved the life expectancy
of these patients. A potential improvement in the
survival of these patients could be achieved by
more precise medicine. A potential improvement
for a more targeted treatment could be provided
by a more specific classification that considers the
molecular characteristics of the disease.

The classification used since 1965 is the Lauren
classification, in which gastric adenocarcinoma is
basically divided into two distinct types, the intes-
tinal subtype, which is the most common, and the
diffuse subtype, involving a third of patients and
having a worse prognosis.’?

Recently, a classification based on the molecular
profile was defined by The Cancer Genome Atlas
(TCGA), identifying four distinct gastric cancer
subtypes: Epstein—Barr virus (EBV)-positive,
microsatellite unstable tumours (MSI), genomi-
cally stable tumours (GS) and chromosomal
tumour instability (CIN).7? This molecular clas-
sification does not currently impact clinical prac-
tice; however, it helps to identify a number of
patients potentially susceptible to immunothera-
peutic treatments. In particular, EBV-positive and
MSI tumours are associated with signatures sug-
gesting potential responsiveness to immunother-
apy treatments.’# Data published in a meta-analysis
that included 34 studies reported a prevalence of
MSI in 10.7% of intestinal type versus 2.9% and
0.9% for diffuse and mixed type, respectively.”
For sporadic and hereditary tumours, there do not
seem to be significant differences in the frequency

of the MSI signature;’¢ instead, it appears to be
linked to tumour staging.

In fact, the percentage of patients with MSI
appears to be related to the stage of the disease,
occurring more often in patients with low NO
stage (approximately 20%) and significantly less
frequently in metastatic disease (<5%).”> The
incidence of MSI in nonmetastatic GC tumours
makes the potential use of this biomarker very
intriguing, particularly in the neoadjuvant and
adjuvant settings, with the aim of improving the
results obtained from neoadjuvant treatment,
where chemotherapy still provides too low of a
benefit in terms of pCR and DFS (see Table 2).

Perioperative/adjuvant chemotherapy

The first choice for therapy in patients with GC
with operable T2 or higher or N+ includes perio-
perative chemotherapy treatment.®8 In patients fit
for polychemotherapy, the standard of care is rep-
resented by the FLOT scheme (fluorouracil plus
leucovorin, oxaliplatin and docetaxel), which has
shown a benefit in terms of OS superior to previ-
ously used chemotherapy regimens, such as EOF
(epirubicin, oxaliplatin, fluorouracil) and ECX
(epirubicin, cisplatin, xeloda).?® This indication is
currently independent of the molecular profile of
the disease, including MSI. However, in the cur-
rent literature, several findings indicate that MSI
has relevance in therapeutic decision-making in
this disease setting.

These observations were suggested by subpopula-
tion data from two major studies. In particular, in
the Medical Research Council Adjuvant Gastric
Infusional Chemotherapy (MAGIC) study, where
non-Asian patients with GC were enrolled as can-
didates for perioperative chemotherapy, patients
with the MSI molecular profile exhibited worse
survival outcomes in the chemotherapy plus sur-
gery arm [hazard ratio (HR), 2.22; 95% confi-
dence interval (CI), 1.02-4.85; p=0.04].88 Similar
results emerged from the CLASSIC study in the
adjuvant setting in patients with surgical GC,
where once again patients with MSI seem to
experience no advantage from chemotherapy, in
this case in terms of 5-year DFS (DFS for chemo-
therapy versus surgery-only groups: 83.9% versus
85.7%; p=0.93).87

A meta-analysis conducted by Pietrantonio
et al.,® which included the aforementioned
MAGIC and CLASSIC trials and an additional
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two trials (ARTIST and ITACA-S), confirmed
the favourable prognosis of patients with MSI
GC compared with MSS patients, confirming the
lack of survival benefit from perioperative chemo-
therapy. These data are currently changing the
clinical practice of MSI-operable GC patients.

Conversely, data on the benefit of adjuvant chem-
otherapy treatment in patients with MSI GC after
surgery are discordant. Some data, in line with
stage II colon cancers, seem to confirm a lack of
benefit or even a detrimental effect of chemother-
apy in this setting,190 while other data exhibit the
opposite trend with a benefit to adjuvant chemo-
therapy treatments in MSI patients with gastric
cancer.8* At present, MSI data cannot be used in
the therapeutic decision-making process in the
adjuvant setting.

Metastatic treatment

As previously reported, published data suggest
that patients with an MSI signature or EBV could
benefit from the use of immunotherapy drugs.
The first data to demonstrate the efficacy of
immunotherapy drugs, in this case pembroli-
zumab, was the KEYNOTE-012 study. In par-
ticular, patients with PD-L1+ advanced GC
presented a response to treatment in 22% of
cases. Of these patients, a substantial percentage
(17%) had MSI. Furthermore, among MSI
patients, the response to treatment was surpris-
ing, reaching 50% of patients.!®! In a second
phase II study involving a cohort of patients with
gastric/gastroesophageal junction cancer treated
with pembrolizumab, patients with MSI status
experienced an objective response rate (ORR) of
57.1%, markedly distinguishing themselves from
patients with MSS, who had a lower ORR (9%).°!

Data on the efficacy of immunotherapy drugs in
advanced gastric MSI patients were extrapolated
from the results of the Garnet study, which evalu-
ated the efficacy of dostarlimab in patients with
pretreated MSI solid tumours. The study was
originally designed for patients with MSI
advanced endometrial cancers; however, study
cohort F also enrolled patients with other tumour
histologies, particularly gastrointestinal tract can-
cers (93% of the total). The confirmed ORR in
MSI patients was 38.7% (95% CI: 29.4-48.6),
with a complete response rate of 7.5%, demon-
strating a remarkable response to treatment in
this pretreated patient setting.®>

A meta-analysis conducted by Pietrantonio ez al.
enrolled a consistent number of patients, for a
total of 2545 patients, of whom 4.8% had MSI
status. From this meta-analysis, it emerged that
MSI GC patients treated with pembrolizumab
experienced a benefit in terms of higher OS than
MSS patients (HR for OS of 0.34 versus 0.82).%94

In fact, the literature significantly confirms the
utility of information on MSI in patients with
GC, both in the perioperative and metastatic set-
tings, to identify the most effective treatment for
this group of patients.*

Endometrial cancer

Endometrial cancer (EC) is the most common
gynaecologic malignancy in the United States.102
In most cases (approximately 67%), it presents in
the early stage with an 81% 5-year OS rate, while
survival decreases in the advanced stage to only
17-15%.193 Among modifiable risk factors associ-
ated with the development of endometrial cancer,
the strongest correlation is observed with obesity
and metabolic syndrome, while approximately
2-5% of endometrial cancers have a germline
mutation of the mismatch repair genes that leads
to Lynch syndrome.104

Historically, EC was classified into two histo-
pathologic categories: types 1 and 2.1 Type 1
cancers are the most frequent, being low-grade
oestrogen-driven endometrioid tumours, while
type 2 cancers are high-grade nonendometrioid
tumours. Recently, this classification has been
refined, thanks to TCGA, with a genomic classifi-
cation that proposes four groups: POLE ultramu-
tated, MSI hypermutated (MSI-H), copy-number
low and copy-number high, which represent prog-
nostic predictors of response to therapy.!0°

Approximately 30% of localized and 13-30% of
recurrent ECs are MSIs.197 In this review, we
focused on the prognostic role of MSI status on
the response to chemotherapy and the possible
benefit of immunotherapy. Indeed, a dramatic
response to immune checkpoint inhibitors (ICIs)
was observed in MSI EC. However, the prognos-
tic value of TMB, PD-L1 expression, tumour-
infiltrating lymphocytes (TTLs) and Janus kinase 1
(JAK1) and P2-microglobulin (B2M) mutations
in MSI EC patients needs to be clarified.108-111

Table 3 reports the primary studies on MSI EC.
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Resectable tumours

Treatment for early-stage disease has historically
been total hysterectomy and bilateral salpingo-
oophorectomy with or without adjuvant radiother-
apy. Adjuvant chemotherapy is indicated based on
risk factors for relapse [histological subtype such as
nonendometrioid type, grade 3 histology, myome-
trial invasion =50%, lymphovascular space inva-
sion (LVSI), lymph node metastases and tumour
diameter >2cm].122 Maggi et al.1?3 found no dif-
ference in PFS or OS comparing five cycles of cis-
platin, doxorubicin and cyclophosphamide to
external pelvic radiation in high-risk patients.
Furthermore, a Japanese multicentre randomized
trial reached the same conclusion, with no differ-
ence in OS, relapse rate or PFS between whole-
pelvic irradiation with three or more courses of
cyclophosphamide, doxorubicin and cisplatin
chemotherapy in patients with high-risk EC.124
However, in the NSGO/EORTC trial, a statisti-
cally significant improvement in PFS and cancer-
specific survival was observed for combined
chemoradiotherapy (CTRT) compared with radi-
otherapy alone.125

In these studies, doxorubicin/platinum-based
regimens were used for four to six cycles, and the
regimen most commonly used was paclitaxel plus
carboplatin (T'C). Radiotherapy (RT) is variably
used before or after chemotherapy or in a ‘sand-
wich’ modality, with three cycles of chemother-
apy administered before and after radiotherapy.
However, when chemotherapy was given after
pelvic radiotherapy, there was a higher rate of
cytopenia that required granulocyte-colony stim-
ulating factor wuse during chemotherapy.!26
Recently, the PORTEC-3 trial investigated the
role of pelvic radiotherapy wersus whole pelvic
radiotherapy with two concomitant doses of cispl-
atin followed by four courses of CP in high-risk
women.!'?” The trial reported a benefit of 5% for
5-year OS and 7% for 5-year failure-free survival
(FFS) with CTRT, with a greater benefit observed
in serous cancer subgroups.!?8 A subsequent
analysis investigated the prognostic relevance of
molecular classification in the benefit of adjuvant
treatment. Out of 410 EC samples analysed,
22.7% exhibited abnormal expression of p53
(p53abn), 12.4% had an exonuclease domain of
DNA Polymerase Epsilon (POLE) mutation
(POLEmut), 33.4% had a protein loss MMR
(MSI) and 31.5% displayed no specific molecular
profile (NSMP). The strongest negative prognos-
tic factor was p53abn, and this subgroup had a
worse prognosis but benefitted the most from

CTRT treatment (22.4% benefit in relapse-free
survival and 23.1% advantage in OS).
Furthermore, 71% of serous tumours were found
to have a p53 mutation, and their prognosis was
equal to that of the nonserous subtypes that had
the mutation.!!> This suggests that p53 status
allows the identification of a larger and more
selected subgroup of patients who may benefit
from adjuvant treatment with CTRT.
Ultramutated EC with POLEmut subgroups
results in a proofreading dysfunction during DNA
replication that elicits a cytolytic immune response
and impairs the function of cancer cells by
decreasing their metastatic potential. POLEmut
ECs are associated with a good prognosis with
any treatment,10%116 suggesting that the prognosis
is independent of adjuvant therapy.!!> MSI ECs
also have a deficit in DNA damage repair with an
accumulation of mismatches, insertions and dele-
tions that elicit a strong immune response that
gives this subgroup of ECs an intermediate prog-
nosis.!* The MSI and NSMP subgroups did not
benefit from CTRT wersus RT alone in the
PORTEC-3 trial. Thus, RT remains an effective,
well-tolerated and appropriate adjuvant treat-
ment in high-risk early-stage MSI EC.116:128

The best adjuvant strategy is under investigation
in the PORTEC-4a trial NCT03469674), which
stratifies patients into three prognostic profiles
(favourable, intermediate and wunfavourable)
based on the four TCGA molecular subtypes and
integrates them with other prognostic factors,
such as substantial invasion of the lymphovascu-
lar space, expression of L1-cell adhesion mole-
cules and expression of CTNNBI1. Women with
high-risk EC are randomized to vaginal brachy-
therapy or adjuvant treatment (no treatment for a
favourable profile, brachytherapy for an interme-
diate profile and pelvic RT for an unfavourable
profile). More selectively, the TransPORTEC
clinical trial plans seek to refine adjuvant treat-
ment based on the Molecular Profile Program
(RAINBO). Stage II/III MMRd EC patients are
randomized to RT versus RT plus an ICI (Green-
MMRAd trial). The ADELE trial aims to evaluate
the efficacy of ICI tislelizumab plus chemother-
apy in the adjuvant setting after chemoradiation
in high-risk MMRd EC.129

Metastatic setting

In advanced or recurrent EC, hormonal therapy
or chemotherapy can be used. Progestinic agents
are indicated for low-grade tumours with
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endometrioid histology, while TC is the standard
first-line chemotherapy with a median PFS of
13 months and a median OS of 37 months.!3°

In the first line, the comparison between TC and
the paclitaxel-doxorubicin-cisplatin (TAP) regi-
men showed noninferiority of TC with a more
manageable toxicity profile than TAP.13!1 The
MITO END-2 study evaluated the addition of
bevacizumab to first-line TC or recurrent EC but
failed to demonstrate an increase in PFS.130
However, the study did report an increased ORR
at 6 and 12months.!3% A limitation of this study is
the absence of an assessment of predictive bio-
markers for the response to bevacizumab in the
four EC subtypes. Indeed, p53-mutated patients
have been recently observed to exhibit improved
PFS and OS when treated with TC plus bevaci-
zumab versus temsirolimus.!32

Unfortunately, no randomized study has cur-
rently performed a subgroup analysis considering
the four TCGA molecular groups. ICI monother-
apy demonstrated antitumour activity in MSI EC
pretreated with an ORR of 42.3% for dostarli-
mab, 26.7% for avelumab, 40% for durvalumab,
38% for nivolumab and 57% for pembroli-
zumab.9%117%:119-121  [Unfortunately, the mecha-
nisms of primary resistance to immunotherapy
are unknown, and predictive indicators of ICI
response are not available. To stimulate a greater
response, several phase III trials are investigating
the role of ICI combination therapy in first-line
MSI EC: dostarlimab (RUBY; NCT03981796),
atezolizumab (AtTEnd; NCT03603184) and
pembrolizumab (GY018’, NCT02549209) in
combination with TC chemotherapy against TC,
lenvatinib with pembrolizumab versus TC
(NCT03572478)195 and durvalumab plus olapa-
rib plus TC wersus durvalumab plus TC wversus
placebo plus TC (NCT04269200).

Pembrolizumab plus lenvatinib has shown efficacy
in advanced EC that progresses after previous
treatment.!33 The final primary efficacy analysis
reports an ORR of 38% at 24 weeks, 63.6% (30.8—
89.1%) in patients with MSI tumours (z=11) and
36.2% (26.5-46.7%) in patients with MSS
tumours (7=94). Regardless of MSI status, the
median duration of response was 21.2 months, the
median PFS was 7.4months and the median OS
was 16.7months. Several combination therapies
are being studied in previously treated EC patients:
nivolumab plus ipilimumab (NCT02982486),
nivolumab plus indoleamide 2,3-dioxygenase

inhibitor (BMS986205; NCT04106414), len-
vatinib plus pembrolizumab plus doxorubicin or
weekly paclitaxel (NCT03517449), rucaparib
plus  nivolumab  (NCT03572478)197  and
IMGNS853 plus pembrolizumab (NCT03835819).

MSI prognostic value across other

cancer types

MSI status has assumed increasing importance as
a prognostic and predictive factor, in some cases
modifying clinical practice, including in colorec-
tal, gastric and endometrial adenocarcinomas.
The clinical guidelines currently recommend the
MSI testing be performed only for colorectal and
endometrial cancers, but it is understandable
that, given its importance in therapeutic decision-
making in these pathologies, an increasing inter-
est in research has arisen over the years about the
prevalence and extent of MSI among other
cancers.

In this chapter, we describe the primary studies in
the literature investigating the incidence and pos-
sible therapeutic implications of MSI status in
different tumour types.

With respect to incidence, a study published by
Bonneville ez al.13! investigated these data in dif-
ferent tumour histotypes, leading to a very inter-
esting general picture. The authors extrapolated
data on the full exomes of 11,139 tumour-normal
pairs from TCGA and Therapeutically Applicable
Research for a total of 39 cancers. From these
data, it emerged that MSI status was present in 27
of the 39 cancer histotypes evaluated, for an over-
all positivity of 3.8%. The important incidence of
MSI detected in cancers such as adrenocortical
carcinoma (ACC, 4.3%), cervical cancer (2.6%)
and mesothelioma (2.4%) is very interesting, sug-
gesting a potential role of MSI data in these cancer
types. In particular, it could pave the way for new
therapeutic options, given the known sensitivity of
MSI tumours to ICIs and therefore to the broad-
ening of the indication for the MSI test.

A recent review suggests that ACC could be asso-
ciated with Lynch syndrome.!34 Indeed, the prev-
alence of Lynch syndrome in ACC is 3.2%, which
is higher than that in the general population.!3>
However, when treatment with ICIs has been
investigated in ACC patients, the efficacy is
scarce.136:137 The majority of patients were heavily
pretreated, and the number of MSI patients was
very low. Pembrolizumab resulted in an ORR of
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23% and disease control rate (DCR) of 52% in
39 ACC patients, with a median PFS of
2.1 months and OS of 24.9 months. Nine patients
achieved a partial response, and two of them had
MSI.138 Considering the modest results achieved,
ICIs are evaluated in combination with immune
stimulators or tyrosine Kkinase inhibitors:
nivolumab plus ipilimumab (NCT02834013,
NCTO03333616), nivolumab plus EO02401
(NCT04187404) and camrelizumab plus apat-
inib INCT04318730).13¢ We hope the outcomes
of these trials will provide more precise answers to
the clinical application of MSI in ACC cancer.

Concerning cervical cancer, there are few data in
the literature; in particular, the prognostic role of
MSI in these patients is not clear.13%140 In a cohort
of patients with HPV + cervical cancer (#=95),
12% of MSI patients were identified.'4! In some
studies that included women with HPV + cervical
cancer treated with immunotherapy, there were
no promising results;!42 however, MSI data for
patient selection were not used in these studies.
In a phase II study that evaluated the efficacy and
safety of nivolumab in patients with advanced or
recurrent uterine cervical cancer, uterine corpus
cancer, or soft tissue sarcoma (STS), a potential
predictive role of MSI in response to nivolumab
was hypothesized.!¥> These data remain to be
confirmed; to date, there is no clinical study that
has selected these patients based on MSI data.

Regarding mesothelioma, despite the data pub-
lished by Bonneville er al. where the incidence of
MSI in mesothelioma seems significant, there are
very few data in the literature. In a large retrospec-
tive study, data were collected from 335 patients
with malignant pleural mesothelioma. The study
did not identify any patients with malignant pleu-
ral mesothelioma with MSI, for which it con-
cluded that the response to anti-programmed cell
death 1-based immunotherapy may be driven by
other mechanisms.!4* Another study conducted in
Spain reached similar conclusions.!4>

Following the evolution of the use of the MSI sig-
nature in CC, much interest has aroused a possi-
ble similar use in other pathologies of significant
oncological impact for incidence, such as breast
cancer. Unfortunately, the percentage of MSI
breast cancers is very low. Currently, the indica-
tion for immunotherapy for breast tumours con-
cerns only the triple-negative phenotype, and
PDL1 positivity is used as a predictor of
response.!4® In a study that included MSI

triple-negative breast cancer patients, MLHI
protein expression was inversely correlated with
PD-L1 expression. Therefore, the study con-
cluded that MMR protein testing may warrant
further study, as these proteins could provide
information to predict which patients might ben-
efit from ICIs.!47 Consistently, from data pub-
lished in the literature, the loss of MMR proteins
in breast tumours appears to be a more common
event than MSI and exhibits intratumour hetero-
geneity. In particular, in a study that included
breast cancer patients with both hormone-posi-
tive (HR+) and oestrogen-receptor-negative
(HR-) phenotypes, patients with HR— breast
cancers treated with chemotherapy lived longer in
cases of MMR-deficient (z=9) than MMR-
proficient (z=33) or MMR-heterogeneous (n=7)
tumours. 48

Concerning prostate cancer (PC), the prevalence
of MSI is approximately 3%, and approximately
20% of patients present with Lynch syndrome.!4°
However, data regarding the incidence of MSI
come only from studies using immunotherapy,
while the possible prognostic role of MSI in
chemotherapy- and hormonal therapy-naive
patients has not been investigated. Undoubtedly,
some features of prostatic tumours, such as
aggressive histology, ductal type, homologous
recombination deficiency (HRD) mutations, high
TMB and MSI, can affect subgroups of patients
potentially sensitive to ICIs.!5° Of the 32 MSI PC
patients from the Memorial Sloan Kettering
Cancer Center database, 11 were treated with
ICIs, 6 (54.4%) exhibited a half decline in pros-
tate-specific antigen levels, and 4 had a pathologi-
cal response.!’®! In particular, pembrolizumab
showed some efficacy in small studies with
advanced MSI PC with an ORR of 60%.152 Other
studies have tested ICIs alone or in combination
with endocrine therapy in an unselected PC pop-
ulation with an ORR less than 20%.15° Considering
the limited data on PC immunotherapy, we must
await the results of ongoing studies with several
combination approaches that will hopefully clar-
ify the subgroup of patients who most benefit
from IClIs.

Regarding cholangiocarcinoma, MSI has been
reported in 5-10% of cases.!>> The eight MSI bil-
iary tract cancers (BTCs) included in the basket
trial with pembrolizumab achieved an ORR of
25% with two complete responses and four stable
diseases.!®3 Similarly, the 22 MSI BTCs in
Keynote 158 displayed an ORR of 40.9% with 2
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complete responses and 7 partial responses, an
mPFS of4.2 months and anmOS o0f24.3 months.?
Unfortunately, all other immunotherapy studies
in BTC included a population with no stratifica-
tion for MMR genes and did not report signifi-
cant benefits from ICI treatment.'># Less than 2%
of pancreatic cancers exhibit MSI.155> The major-
ity of them arise from the head and are associated
with medullary and mucinous/colloid histol-
ogy.156 Keynote 158 included 22 patients with
MSI pancreatic cancer, one who achieved a com-
plete response and three who achieved a partial
response with an ORR of 18.2%, mPFS of
2.1 months and mOS of 4 months.®3 Although the
frequency of MSI in pancreatic cancer is very lim-
ited, in these patients where the therapeutic lines
are scarce and the prognosis is poor, immuno-
therapy can represent a valid therapeutic option.

New studies with ICIs in the previous line or in
combination therapy are needed to draw conclu-
sions on their efficacy in MSI BTC patients.

Together, these findings highlight the need to
more deeply understand the potential role of
dMMR and MSI in cancer types.

Discussion

Microsatellites are regions of 10-60 base pairs
that contain repetitions of 1-5 base pair motifs.
The repetition of these loci along the genome is
verified and maintained during cell division by
the MMR system, which is involved in cellular
DNA repair mechanisms. The compromise of
this system, known as MMRd, can lead to micro-
satellite instability, called MSI. There are several
mechanisms by which MMRJd can occur, includ-
ing both somatic and hereditary mutation of the
germinal MMR pathway. MSI has aroused
increasing interest, as it has been studied and well
described in colorectal and gastric adenocarci-
noma and in endometrial tumours, while little is
known regarding the implications of this signa-
ture in other tumour types. The ramifications of
these findings are both prognostic and predictive
of response to cancer treatments.

Regarding the prognostic implications, the first
known data on the prognosis of MSI tumours
concern early colon cancer. In addition to the
favourable prognostic data, these tumours are
characterized by resistance to chemotherapy and
do not benefit from adjuvant chemotherapy treat-
ment with FPs.15 These data of good prognosis

and chemoresistance therefore seem to be mutu-
ally inclusive in stage II CRCs, with the excep-
tions mentioned above. This convergence,
however, is lost in stage III colon cancer, where
the good prognosis of MSI tumours is maintained
compared with MSS but not the reduced chemo-
sensitivity; in fact, adjuvant chemotherapy
according to the CAPOX (capecitabine plus
oxaliplatin) or FOLFOX (5-fluorouracil plus
oxaliplatin) scheme remains the therapeutic
standard for this stage to date. It is also important
to emphasize that MSI at this stage alone cannot
guide prognostic evaluation, and other factors
must also be considered. For example, BRAF
mutation seems to predict a worse prognosis in
patients with MSI stage III CRC.!57:158
Concerning rectal cancer, which also exhibits a
lower incidence of MSI tumours than CC, the
role of this prognostic and predictive signature is
less clear.!® To date, MSI data cannot be used
when deciding up the choice of neoadjuvant
chemoradiotherapy treatment compared with
surgery alone in the potentially resectable
setting.

Furthermore, data regarding the prognostic and
predictive value of response to chemotherapy of
MSI status in metastatic CC are discordant;!60,161
however, a significant impact on patient survival
in this setting has been achieved with the intro-
duction of first-line immunotherapy in MSI
patients,50,162

For gastric adenocarcinoma, the role of the MSI
status has been widely recognized in recent years,
leading to a new classification of GC that, com-
pared with the well-known Lauren classification,
in use since 1965, recognizes a subtype of MSI
GC with well-defined characteristics and an
expected response to immunotherapy treat-
ments.”? The MSI phenotype has a higher inci-
dence in the early stages than after metastasis’?
and defines — within the potentially operable
stages (I-III) — a subgroup of patients with better
prognosis than the MSS counterpart in which
there does not seem to be a benefit of neoadju-
vant chemotherapy treatment compared with sur-
gery alone, treatment that could be detrimental.8°
To date, there are no randomized clinical trials,
but data in the literature, albeit derived from ret-
rospective studies and meta-analyses, are modify-
ing current clinical practice in this category of
patients, where in recent years, perioperative
chemotherapy has been the gold standard in clini-
cal practice. For the metastatic setting, in Europe,
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the use of immunotherapy in advanced gastric
tumours is not yet clinical practice outside clinical
trials, while the FDA has approved the use of
pembrolizumab in patients with MSI in this set-
ting.!® Another monoclonal anti-PD1 antibody,
dostarlimab, has obtained approval for patients
with MSI solid tumours who have progressed on
or following prior treatment and who have no sat-
isfactory alternative treatment options, adding
another step towards precision medicine.%>

A very fitting example of the importance of the
molecular characterization of the disease for the
best therapeutic choice with the addition or elimi-
nation of chemotherapy, with its related toxicities,
is given by the paradigm of adjuvant treatment in
endometrial tumours, which in recent years has
seen an ever greater refinement in the decision-
making process. The choice of adjuvant treatment
in these tumours is based on the evaluation of the
presence of clinicopathological risk factors that
allow the identification of low-, intermediate-,
intermediate- and high-risk diseases with a range
of therapeutic possibilities ranging from surgery
alone to brachytherapy, pelvic radiotherapy and
radiochemotherapy. In recent years, it has been
understood that it is essential to add molecular
information to this clinicopathological characteri-
zation, as molecular subgroups, including MSI
tumours, have a greater prognostic impact than
the histopathological characteristics of the
tumours taken individually. In fact, the POLE
mutated category seems to have a good prognosis
regardless of the adjuvant chemotherapy treat-
ment that could therefore be spared in this cate-
gory of patients, and the MSI patients do not seem
to benefit from the addition of chemotherapy to
radiotherapy, while instead the p53 mutation rec-
ognizes a category of high-risk patients who bene-
fit from adjuvant chemotherapy treatment in
terms of recurrence-free survival.!63

These data lead to the rationale on which ongoing
trials are based, designing new therapeutic possi-
bilities such as the use of checkpoint inhibitors in
patients with POLE mut or MSI. Currently,
molecular classification is not used in the meta-
static setting, nor is it used by ongoing clinical
trials in patient selection. However, this informa-
tion is useful, as clinical trials evaluating the activ-
ity of pembrolizumab (KEYNOTE-158) and
dostarlimab (GARNET) have shown high
response rates in patients with MSI tumours.164
The data published in the literature on the dis-
crepancy of MSI on relapsed disease compared

with primary operated disease are interesting,
suggesting the usefulness of rebiopsia on relapsed
disease to redefine the molecular profile.105

We can therefore conclude that at present, MSI is
used in the setting of localized disease for prog-
nostic purposes and with the aim of refining adju-
vant and neoadjuvant therapies in colon, gastric
and endometrial cancers, as well as a marker pre-
dictive of response to treatment with checkpoint
inhibitors in the metastatic setting.

Unfortunately, not all ongoing clinical trials con-
cerning these cancer types include MSI data
among the characteristics of the study patients.
However, considering what has been said thus far
and the literature, this information could be
invalidating, regarding not only immunotherapy
trials but also chemotherapy trials, considering
the potential chemoresistance or even detrimental
role of chemotherapy in some categories of
patients due to toxicity linked to avoidable treat-
ment. For that reason, the collection of informa-
tion from clinical trials could provide a key to
understanding what is still not completely clear
regarding the presence of MSI and the response
to cancer treatments, whether they are chemo-
therapy or immunotherapy.

Finally, the acquisition of this information has led
to a growing interest in the potential use of this
molecular marker in other cancer histotypes
where the incidence of MSI status could be higher
than expected.

Conclusion

MSI has acquired increasing importance in recent
years, so microsatellites have been included in
new molecular classifications of diseases affecting
colon, gastric and endometrial cancers. These
classifications will lead to increasingly personal-
ized cancer treatment. Achieving this goal cannot
be exempt from the collection of information on
the conditioning of the mutational status of
microsatellites in the various disease settings and
in the various tumour histologies, valuable infor-
mation that will hopefully be provided by ongoing
clinical research.
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