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Mismatch repair deficiency: a step forward
personalized medicine in endometrial cancer?
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Abstract

Endometrial cancer (EC) is the most common female malignancy in the world, it has traditionally been classified
into two subgroups based on histopathological features, however this dualistic classification does not take

into consideration subtypes such as high-grade endometrioid EC. Recently, work performed as part of The
Cancer Genome Atlas study has focused on molecular genomic classification of EC, with four distinct molecular
subtypes described: 1. POLE ultramutated, associated with a good prognosis; 2. Microsatellite instability (MSI)
hypermutated; 3. Copy number low and microsatellite stable; 4. Copy number high, serous like, associated with
a poor prognosis. The subgroup of patients with MSI is of particular interest for a number of reasons, including
the use of tumour screening to identify patients with Lynch syndrome, the prognostic significance of MSI, and

the potential therapeutic implications. This review will focus on the current knowledge in these areas and

potential future directions.
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Introduction

Endometrial cancer (EC) is the most common gynaecolog-
ic malignancy in the US with more than 60.000 expected
new cases in 2016 [1], and the sixth most common female
malignancy in the world. The incidence of EC is rising in
all western countries, along with the prevalence of some of
the major risk factors for EC, including obesity, diabetes
and hyper-estrogenism (including polycystic ovarian syn-
drome, tamoxifen use, nulliparity, early age of menarche,
later age of menopause) [2]. Protective factors include the
use of oral contraceptives and Mirena coils [3].

EC has traditionally been classified into two subgroups
based on histopathological features. Type I (oestrogen-de-
pendent) EC accounts for about 70-80% of cases and is as-
sociated with endometrioid histology, oestrogen-receptor
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(ER) positivity and low histological grade. These ECs ap-
pear to arise from areas of endometrial hyperplasia. Con-
versely, Type 2 (oestrogen-independent) EC includes the
‘non-endometrioid’ histological subtypes such as serous,
clear cell, carcinosarcoma, mucinous adenocarcinoma and
squamous cell carcinoma; these are typically high-grade
and ER negative or weakly positive [4].
However this dualistic classification does not take into
consideration subtypes such as high grade endometri-
oid EC. Recently, work performed as part of The Cancer
Genome Atlas study has focused on molecular genomic
classification of EC, with four distinct molecular subtypes
described:
1. POLE ultramutated, associated with a good prognosis,
2. Microsatellite instability (MSI) hypermutated,
3. Copy number low and microsatellite stable,
4. Copy number high, serous like, associated with a poor
prognosis [5].
This classification system, while interesting, requires sig-
nificant molecular profiling that is not yet widely performed
for EC, but may become more common if there are clear
therapeutic implications.
The subgroup of patients with MSI is of particular inter-
est for a number of reasons, including the use of tumour
screening to identify patients with Lynch syndrome, the
prognostic significance of MSI, and the potential thera-
peutic implications. This review will focus on the current
knowledge in these areas and potential future directions.
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Fig. 1. Mismatch repair mechanism. The MMR pathway consists of several steps: MSH2-MSH6 detects mismatch and recruits
MLH1-PMS2, hence the complex activates EXO1, exonuclease 1, which proceeds to the excision at the strand break. The resulting
DNA gap is filled by RPA, replication protein A and DNA polymerase.

MSI, MMR and Lynch syndrome

The DNA mismatch repair (MMR) pathway is a crucial cel-
lular process that comprises many proteins [6]. The final
aim of the pathway is to identify and subsequently repair
mismatched bases, likely to have arisen during DNA rep-
lication or chemical or physical damage (Figure 1). The
result of defective DNA MMR is a phenotype called MSI;
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the MSI condition is associated with continuous insertion
or deletion of short, repetitive sequences of DNA known
as microsatellites, which are found across the genome [7].
High levels of MSI are found in the tumours of individuals
with an inherited mutation in an MMR gene (Lynch syn-
drome); or those with somatic changes, the most common
of which is promoter hypermethylation of MLH1 [8, 9].

35



Della Pepa et al.

Four genes have been so far identified in the etiology of the

MMR deficiency:

e MLHI1 (mutL homologue 1) [10]

e MSH2 (mutS homologue 2) [11]

e MSH6 (mutS homologue 6) [12]

e PMS2 (post-meiotic segregation increased 2) [13] so
named because of their homology to the E. coli MMR
genes [11].

A germline mutation in any of these 4 genes results in

Lynch syndrome.

Detecting MSI and MMR

The identification of individuals who may have Lynch syn-

drome can be performed by screening tumours for MSI or

MMR deficiency using the following methods:

1. IHC, immunohistochemistry
IHC is a fast and readily available way to identify
tumours with MMR deficiency. This tests protein ex-
pression for MLH1, MSH2, MSH6 and PMS2; MMR
deficient tumours show complete loss of expres-
sion in one of several patterns. Tumours with loss of
MLHI1 and PMS2 will usually have an MLH1 muta-
tion; while those with loss of MSH2 and MSH6 will
have either an MSH2 or MSH6 mutation. Occasion-
ally, isolated loss of MSH6 or PMS2 will occur with
mutations in these genes. Although very easy to per-
form, the test can be variably reported or interpreted
either due to different pathologists, or differing tu-
mour fixation methods [14, 15], but has the benefit
of indicating which MMR gene is most likely to be
responsible for the phenotype.

2. PCR-MSI testing
This test is based on the use of special kits equipped
with a panel of mononucleotides or dinucleotides re-
peats; the test is positive, indicating the presence of
MSI, if two or more of the nucleotides markers show
instability [16]. Of note, data in the literature demon-
strate that neither IHC or MSI testing are 100% accu-
rate in detecting MSI but the concordance rate is very
high at 90-95% [17].

3. Confirmatory Germline Testing
Individuals found to have MMR deficient, or MSI-
high tumours can undergo germline testing for the four
MMR genes to identify if the tumour changes are due
to Lynch syndrome, or if it is due to somatic changes
(such as MLH1 promoter hypermethylation). This
testing is increasingly performed as part of a panel test
using Next Generation sequencing, although PMS2
sequencing is challenging due to the presence of pseu-
dogenes, and often requires separate long-range PCR
sequencing [18-20].
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MSI and Lynch syndrome

Lynch syndrome, also known as hereditary non-polyposis
colorectal cancer (HNPCC) syndrome, was the first heredi-
tary cancer syndrome identified and is associated with in-
creased risks of cancers of the bowel, endometrium, ovary;
and a number of other malignancies [21-27]. Women who
carry a germline mutation in a Lynch syndrome gene have
lifetime risks of EC of between 15-45%, and of 15-55%
for colorectal cancer, depending on the specific gene. Many
female carriers will present with EC as their sentinel malig-
nancy, with the median age of diagnosis in Lynch carriers
of 45 years significantly younger than EC in those with-
out Lynch syndrome [28, 29]. Approximately 2% of newly
diagnosed unselected EC patients have Lynch syndrome,
with enrichment in those with synchronous ovarian and en-
dometrial tumours, those <50 years at diagnosis, and non-
obese women [30].

Since the discovery of the Lynch genes, criteria have been
suggested to select those who should be referred for genetic
testing. There are 2 main sets of criteria in use — the Am-
sterdam criteria and the Bethesda guidelines (Table 1). The
Amsterdam criteria were first published in 1991 by the In-
ternational Collaborative Group on Hereditary Non-Polyp-
osis Colon Cancer (ICG-HNPCC), predating the discovery
of the Lynch genes [31]. These were subsequently updated
in 1998 after malignancies other than colorectal and endo-
metrial cancers were confirmed to be part of the Lynch can-
cer spectrum [32]. The Bethesda guidelines were first pro-
duced in 1997, and subsequently updated in 2004 [33, 34].
In general, the Amsterdam criteria are felt to be more spe-
cific in selecting those who will have Lynch syndrome,
whereas the Bethesda criteria are more sensitive, missing
fewer potential carriers. Universal screening of all colorec-
tal cancers for MMR deficiency or MSI is now standard in
many countries, although such screening of ECs has lagged
behind. This is despite recommendations by the NCCN that
all ECs should undergo testing for MMR or MSI; while oth-
er countries have suggested an age limit of 60 or 70 years at
diagnosis for those in whom routine tumour testing is per-
formed, based on a number of studies assessing prevalence
of mutations. Backes et al. reported their experience with a
cohort of 140 patients (regardless of age) who underwent
IHC analysis for MMRd; 30/140 (21%) showed a MMRd
phenotype, putting together the IHC evaluation, family his-
tory and age (cutoff 60 years old), the authors selected 15
patients, unfortunately only two of them underwent genetic
testing which resulted negative in both cases [35]. Leenen
evaluated 179 cases selected by age (cutoff 70 years old)
and found a profile consistent with Lynch syndrome in 11
patients (6%), of them 7 had a germ-line MMR mutation at
the genetic testing [36].
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Table 1. Diagnostic criteria for Lynch syndrome.

Amsterdam I [31]

At least three family members must have histologically confirmed CRC
One must be a first-degree relative of the other two

At least two consecutive generations must be affected

At least one of the CRC cases must have been diagnosed <50 y

Familial adenomatous polyposis must be excluded

Amsterdam IT [32]

At least three family members must have a cancer associated with HNPCC (CRC, EC, urothelial,
small bowel)

One must be a first degree relative of the other two

At least two successive generations must be affected

At least one of the relatives with cancer associated with HNPCC must have been diagnosed <50 y

Familial adenomatous polyposis must be excluded

Bethesda
guidelines [33]

Individuals with cancer in families that meet the Amsterdam Criteria

Individuals with two HNPCC-related cancers (EC, OC, gastric, hepatobiliary, small bowel, TCCU,
synchronous and metachronous CRCs)

Individuals with CRC and a first-degree relative with CRC and/or HNPCC-related extracolonic can-
cer and/or a colorectal adenoma; one of the cancers diagnosed at age <45 y, and the adenoma diag-
nosed at age <40 y

Individuals with right-sided CRC with undifferentiated pattern (solid/cribriform) on histopathology

diagnosed at age <45y

* Individuals with signet-ring cell type CRC diagnosed at age <45 y

* Individuals with adenomas diagnosed at age <40 y

Revised Bethesda .
guidelines [34] .

CRC patients diagnosed at age <50y

Presence of synchronous, metachronous CRC, or other HNPCC-associated tumors, regardless of age

* CRC patients diagnosed at age <60 y with MSI histology

+ CRC diagnosed in one or more first-degree relatives with a HNPCC-related tumor, with at least one

of the cancers diagnosed at age <50 y

* CRC diagnosed in two or more first-or-second-degree relatives with HNPCC-related tumors, regard-

less of age

Jerusalem .

workshop [61] alternatively, MSI

All CRC patients <70 years old should be tested using IHC for the 4 DNA MMR gene products, or

* A cost—benefit analysis is needed to determine the benefits and the costs of such a program

CRC: colorectal cancer; HNPCC: hereditary non polyposis colorectal cancer; IHC: immunohistochemistry; EC: endometrial cancer; MMR: mis-
match repair; MSI: microsatellite instability; OC: ovarian cancer; TCCU: transitional call carcinoma of the urinary tract.

Prognostic value of MMR deficiency

Interest in the incidence and clinical implications of MMR
in EC began in the late 1990s-early 2000s. Initially this
was focused on the MMR deficiency observed in the con-
text of Lynch syndrome, however it soon became clear that
there were other mechanisms that resulted in an MMR de-
ficiency, the most frequently observed of which in sporad-
ic MSI EC is promoter hypermethylation of MLH1 [37],
resulting in a lack of immunodetectable MLH1 protein
expression [9]. Data in the literature suggest that sporadic
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MMRA/MSI ECs accounts for 20-30% of all ECs [38]. A
recent work, exploring the potential relationship between
body mass index and MMR status in a population of 1049
unselected ECs, reported that one or more MMR proteins
were absent in 235 (22.4%) of the cases, with combined
loss of MLH1 and PMS2 the most common abnormality
(165/235, 70%) [39].

A large number of studies have tried to address the clini-
copathologic features of the MSI ECs, with most authors
agreeing that such a phenotype is mainly associated with
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endometrioid histology [40-42], however data about fur-
ther characteristics are largely inconsistent, especially in
terms of prognostic value. In colorectal cancer the pres-
ence of the MSI phenotype has been recognized as a good
prognostic marker [43], but this remains much less clear
in EC, with the data largely conflicting [44-50]. A large
meta-analysis about the prognostic relevance of MSI
in EC, published in 2013 by Diaz-Padilla, included 23
studies (more than 40 were excluded due to absence of
the required outcome data and/or the eligibility criteria)
[51], with the authors failing to show a significant asso-
ciation between MSI and a worse overall survival (OS)
(p=0.11) or disease free survival (DFS) (p=0.66). They
concluded that the available data were inconclusive and
not robust enough to support an association between MSI
and clinical outcome. This may be partly due to the fa-
vourable prognosis of EC in general, particularly com-
pared to other Lynch-associated malignancies. Women
typically present with symptoms at an early stage, and
the endometroid histology typical in Lynch endometrial
cancer is itself associated with a better prognosis than
non-endometroid subtypes. These women are at risk of
developing second or subsequent malignancies, which
can also impact significantly on their mortality [52]. The
need for prospective studies, focused on prognosis with
a homogeneous population, single method utilized to de-
tect MMR deficiency or MSI, and appropriate follow-up
was strongly stressed [51].

MSI and immunotherapy

The opportunity to identify the families with hereditary
cancer predisposition and potentially prevent future can-
cers is an important aspect MMR/MSI testing, but recent
evidences suggest that it may also identify a group of pa-
tients who would benefit from immunotherapy. Studies
focused on colorectal cancer showed that MMRA is as-
sociated with an enhanced immune micro-environment,
characterized by high infiltration of activated CD8 CTLs,
cytotoxic T lymphocytes, and Th1 cells [53, 54]. A phase
IT study, evaluating the activity of pembrolizumab (in-
hibitor of the PD-1/PD-L1 axis, programmed death 1
and programmed death 1 ligand) in a cohort of 41 pa-
tients, reported response rates of 40% in the MMR defi-
cient colorectal cancers, 70% in the MMR deficient non-
colorectal tumours, and 0% in the MMR proficient tu-
mours [55]. Howitt et al. analyzed a series of EC tumour
samples for tumour infiltrating lymphocytes (TILs), PD-1
and PD-L1 expression and concluded that the POLE and
MSI-high subtypes presented a strong enhancement of
the immune microenvironment compared to the other EC
subtypes [56]. These data, though preliminary, may sug-
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gest a rationale for testing the checkpoint inhibitors in
MMR deficient ECs, and also strengthen the call for uni-
versal screening of endometrial tumours for MSI/MMR
deficiency.

The presence of MMR may also impact on response to
chemotherapy. In vitro studies have suggested that MMR
gene mutations may impair response of tumour cells to
platinum agents, the primary component of treatment
for first line chemotherapy in EC. Platinum agents form
covalent bonds with both strands of the DNA molecule,
thereby activating the MMR system to begin repairing the
resulting DNA damage. When over-activated, or if it fails
to repair the DNA damage, apoptosis is initiated by the
MMR system. It has been postulated that in the presence
of an MMR mutation, the DNA damage is not recognized
and tumour cells evade apoptosis [57]. In vivo studies of
platinum in women with an MMR mutation have been
conflicting, however the studies have been very small,
and larger studies are required to examine this [58, 59].
For women with MSH2 mutations, there may be a role of
oxidative damage-inducing drugs, such as methotrexate.
In the absence of functional MSH2 protein, cells treated
with methotrexate had an increase in 8-OHdG oxidative
lesions, incompatible with cell survival, while in cells
with functional MSH2 these lesions are quickly corrected
[60]. This synthetic lethality was not present in those with
MLHI1 deficient cells, and it is a very interesting area for
future research.

Our early experience

In our department, the Uro-Gynaecology Unit at the Na-
tional Cancer Institute of Naples, we have very recently
started to perform IHC for MMR deficiency on all patients
diagnosed with EC <60 years; to date, 3/8 patients tested
have had MMR deficient tumours, all with loss of MLH1/
PMS2. All 3 were relatively young at age of diagnosis (32,
34 and 56 years respectively); the latter died prior to germ-
line testing. The remaining 2 will be referred to Genetics
for germline testing to ascertain if these represent Lynch
syndrome or somatic mutations. Of note, the 32yr old was
treated with an anti-PD-L1 agent after progressing through
three lines of chemotherapy. She had an excellent response
to this agent of several month duration, before recently pro-
gressing again.

Conclusion

The MMR pathway has long offered patients a simple
screening test to identify those at risk of carrying a mutation
in a cancer susceptibility gene as the cause for their cancer,
but now additionally offers a promising research field for
improving patient management by directing therapeutic op-
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tions, as well as potentially being able to inform prognosis.
While the data for the use of immunotherapy in those with
MMR deficiency is currently limited, and further studies are
required to confirm the benefit, this offers a potential bio-
marker for the selection of patients most likely to respond
to immunotherapy, allowing targeted treatment that to date
has been lacking in EC. Further studies into the prognostic
implications of MMR deficiency are also required, as clear
evidence of whether these patients have higher or lower
risks of recurrence compared to those with stage-matched
sporadic EC will also inform the need for aggressive adju-
vant chemotherapy. Until a consensus on this is reached,
the prognostic implications of MMR deficiency will remain
controversial. Finally, as the management implications of
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