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Abstract

Aim: Mismatch repair deficiency is an important prognostic
subgroup of endometrial cancer. which is detected in
approximately one-third of patients with endometrial cancer.
Mismatch repair proteins play a role in DNA repair after radiation
therapy. We investigated the mismatch repair status as a predictor
of radiotherapy response in the adjuvant setting of patients with

endometrial cancer.

Methods: We included 165 patients diagnosed with endometrial
cancer and referred to the Oncology Hospital for radiotherapy. We
analyzed the association between mismatch repair deficiency
and clinical parameters with a chi-square test. We evaluated
the prognostic significance of mismatch repair deficiency using
Kaplan—Meier survival analysis and log-rank tests.

Results: Median follow-up was 4.5 years (range, 0.4-5.7 years).
Of the 165 patients, 61 (37%) were mismatch repair deficiency.
Survival did not differ between mismatch repair deficiency and
MMR-normal groups. Mismatch repair deficiency status also
did not affect survival in patients who received or did not receive
radiotherapy.

Conclusion: Although several studies have reported that mismatch
repair status may be an effective marker in the prediction of the
response to adjuvant radiotherapy in endometrial cancer patients,
we could not find evidence supporting that in this study.

Abbreviations

MMR: mismatch repair, MMRd: mismatch repair deficiency;
MMRn: mismatch repair normal; MSI: microsatellite instability;
IHC: immunohistochemistry; EC: endometrial cancer; OS: overall
survival, PFS: progression-free survival, DFS: disease-free
survival; LVSI: lymphovascular space invasion; LNM: lymph node
metastasis; RT: radiotherapy; PCR: polymerase chain reaction;
POLE: DNA polymerase epsilon; TCGA: The Cancer Genome Atlas;

FIGO: International Federation of Gynecology and Obstetrics

Introduction

Endometrial cancer (EC) was diagnosed in 417,367 women
worldwide, and it is estimated that 97,370 women died from EC
according to data from 2020 [1]. EC is commonly diagnosed at
an early stage of the disease, which is associated with a better
prognosis, with a 5-year survival rate of 95%. At advanced stages,
particularly in metastatic disease, survival decreases to 17% [2,3].
Pathologic type, histologic grade, lymphovascular involvement,
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and tumor stage have previously been studied for their prognostic
effects on EC; however, their prognostic effects remain unclear.
Therefore, recent studies have focused on gene carcinogenesis
(i.e, molecular alterations) to provide an actual prognostic
classification.

The mismatch repair (MMR) system increases the fidelity of
replication by promoting DNA repair with the mechanisms of
excision and resynthesis [4]. Mismatch repair deficiency (MMRd)
may be inherited or acquired and occurs in approximately 20% to
40% of EC patients [5-9]. MMRd can be defined as the detection
of Microsatellite Instability (MSI) or Immunohistochemical (IHC)
loss of one or more of the MMR proteins (MLH1, PMS2, MSH?2,
and/or MSH6).

Four molecular prognostic groups were described by the
Proactive Molecular Risk Classifier for Endometrial Cancer
(ProMisE) in 2017. These groups are classified as ultra-mutated
DNA polymerase epsilon (POLE), MSI or MMR hypermutated
tumors, p53 abnormal tumors, and tumors with copy-number
low alterations, and these groups are associated with the best
prognosis, intermediate prognosis, the worst prognosis, and good
to intermediate prognosis, respectively [10]. This classification
was reported to be applied to a practical approach to EC patients
and is accepted to be consistent with The Cancer Genome Atlas
(TCGA) [11,12].

In addition to MMR testing, IHC markers such as p53 or POLE
have been recommended to be placed in a diagnostic algorithm
[13] to determine risk groups, and are currently included in the
latest European Society of Gynecological Oncology/European
Society for Radiotherapy (RT) and Oncology/European Society of
Pathology (ESGO/ESTRO/ESP) [14]. The National Comprehensive
Cancer Network has recommended the universal testing of all
ECs for MSI/MMRd status since 2018 [15]. IHC is commonly used
by oncologic centers for testing because it is inexpensive and has
high sensitivity, specificity, and reproducibility [11,16]. Currently,
prediction of the response to RT with markers is needed to decide
which patients may benefit from RT. So far, the effect of MMRd
on the prognosis of patients with EC treated with RT has been
evaluated in a few studies [17,18], and its role in prognosis remains
unclear. In this retrospective study, the relationship between MMR
and prognostic factors and the effect of MMR on prognosis in
patients with EC who received RT were analyzed.

Material and Methods

A total of 165 patients who were diagnosed with EC and referred
to the Oncology Hospital for RT between January 2010 and July
2022 were included in the study. The retrospective study was
approved by the local ethics board and conducted in accordance
with the principles of the 2013 Helsinki Declaration.

The surgical procedure performed was a total abdominal
hysterectomy and bilateral salpingo-oophorectomy, with or without
pelvic and paraaortic lymphadenectomy. For inclusion, patients

either received adjuvant RT or did not receive any treatment. As a
result, after excluding the 49 patients who received chemotherapy
alone or RT combined with chemotherapy, the number of patients
decreased to 165. Data recorded included histology, grade,
lymph node status, International Federation of Gynecology and
Obstetrics (FIGO) stage (2009), depth of myometrial invasion, and
lymphovascular invasion. Additionally, patients were grouped into
low- and high-risk categories based on prognostic factors.

Two equivalent screening methods are widely accepted to
assess MMR deficiency: Polymerase chain reaction (PCR)-based
microsatellite instability and Immunohistochemistry (IHC) for
loss of MLH1, MSH2, MSH6, or PMS2. The agreement between
both methods is excellent (> 90%) [19]. We chose IHC because
it is more accessible and inexpensive, and it provides stringent
inter-laboratory quality assurance [19]. MLH1, MSH2, MSH®6, and
PMS2 protein expressions were considered lost when less than
5% of tumor cells stained positive in the presence of an internal
positive control of normal lymphocytes and/or stromal cells [20].
MMR deficiency (MMRd) was defined as the presence of at least
one MMR protein loss in the tumor.

Overall survival (0S) was defined as the time from the date of
diagnosis until last follow-up or death. Progression-free survival
(PFS) was defined as the time from the date of diagnosis to the
date of progression, the end of the follow-up period, or death. SPSS
(Statistical Package for Social Sciences) for Windows 23.0; IBM
SPSS Statistics, New York, USA, was used for statistical analyses.
The association between MMRd and clinical parameters was
analyzed with a chi-square test. The prognostic significance of
MMRd was evaluated using Kaplan—Meier survival analysis and
log-rank tests. The significance level was set at 5%.

Results

Among the 165 patients analyzed, 61 (37%) were considered MMRd.
The remaining patients (n = 104) were MMR normal (MMRn). Loss
of MLH1, MSH2, MSH6, and PMS2 expression was detected in 36
(21.8%), 59 (35.8%), 56 (33.9%), and 35 cases (21.2%), respectively.
The association between MMR status and clinical parameters
is summarized in (Table). There was a statistically significant
association between MMRd and grade (p < 0.04), advanced stage
(p < 0.02), lymphovascular space invasion (LVSI) (p < 0.04), or
paraaortic nodal metastasis (p < 0.03). However, no significant
relationship was found between MMRd and histology, risk groups,
or lymph node metastasis (LNM) (p > 0.1).

Median age was 59 years (range, 37-80 years), and median follow-
up time was 4.5 years (0.4-5.7 years) (Table). No survival difference
was found between MMRd and MMRn by the log-rank test. OS was
found to be 4.65 and 4.5 years in patients with MMRd and MMRn,
respectively (Figure 1). Moreover, no effect of MMRd on survival
was found in patients who were treated with or without RT (Figure
2). Additionally, in patients with MMRd tumors who received RT,
prognostic factors did not have an effect on OS and DFS (p > 0.5).
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Table : Patient characteristics

Variable MMR normal MMR deficiency
No RT RT p-value No RT RT p-value
Age (median) 57 (37-74) 59 (42-80) 0.5 58 (39-78) 60 (37-80) 0.6
DFS (years) 0.8 (+0.3) 1.1 (x0.1) 0.8 0.7 (£0.4) 1.2 (x0.2) 0.8
0S (years) 3.1(x0.4) 47 (x0.7) 0.02 45(+0.3) 4.7 (¥0.2) 0.2
Histology 0.09 04
Endometrioid 15 (21.7%) 54 (78.3%) 21 (42.9%) 28 (57.1%)
Non endometroid 3(8.6%) 32(91.4%) 6 (54.5%) 5(45.5%)
Grade 0.07 04
=l 8 (14.3%) 48 (85.7%) 19 (40.4%) 28 (59.6%)
Il 7 (31.8%) 15 (68.2%) 4(57.1%) 3 (42.9%)
FIGO stage 0.3 0.09
=l 8 (13.6%) 51 (86.4%) 18 (47.4%) 20 (52.6%)
=1V 3(8.8%) 31(91.2%) - 9 (100%)
LVSI 0.5 0.1
Yes 6 (18.8%) 26 (81.3%) 2 (20%) 8 (80%)
No 9(13.6%) 57 (86.4%) 21 (47.7%) 23 (52.3%)
LNM 0.04 0.9
Positive 7 (25.9%) 20 (74.1%) 6 (46.2%) 7(53.8)
Negative 6 (9.7%) 56 (90.3%) 21 (44.7%) 26 (55.3%)
DFS; disease-free survival; LNM; lymph node metastasis; LVSI; lymphovascular space invasion; MMR; mismatch repair; OS; overall survival
a p-value of the Mann—Whitney U test for continuous variables and x? test for categorical variables. Log-rank test was used for OS and DFS.
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Figure 1: OSin patients with MMRn and MMRd.

Discussion

Previous studies have shown that, in women with EC, DNA MMR
modulates chemotherapy or RT responses in certain patient
subgroups and that MMR status has prognostic significance
[17,18,21]. Contrary to these studies, this study found no effect
of MMR status on prognosis in patients receiving RT. The MMRd
tumor phenotype represents 20%—-40% of all ECs. This specific
molecular genetic alteration, resulting from a defect in the MMR
genes MLH1, MSH2, MSH6, or PMS2, is found in both sporadic
tumors and those associated with Lynch-like syndrome [5,9].

Figure 2: Effect of RT on survival in patients with MMRd.

The accumulation of nucleotide insertions or deletions within
coding repeat sequences increases lymphocyte infiltration,
thereby facilitating immunotherapy [22]. Therefore, it is crucial to
identify MMRd tumors for the management of EC patients and for
prognostic prediction.

Endometrial tumors with DNA MMRd were found to be associated
with poor prognostic factors, including lymphovascular space
invasion and cervical involvement, in the previous study. MMRd
tumors were reported to be related to worse survival when
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compared with MMRn tumors [21]. However, unlike the reported
findings, we did not find an association in our study. However,
in patients with MMRd, lymphovascular space involvement was
less common, whereas metastatic disease was more common.
Nevertheless, we could not detect any effect of these prognostic
factors on OS in patients with MMRd treated with RT.

In the previous studies, grade 3 tumors were reported to be more
frequent in patients with MMRd, and consequently, these patients
had a worse prognosis [23]. In the present study, the rate of grade
3 tumors was lower in patients with MMRd, but this did not affect
prognosis. Regarding the risk groups determined by prognostic
factors, patients with MMRd were reported to be associated with
HIR. Additionally, the prognosis of patients with MMRd in the LIR
and HIR risk groups has been reported to be worse [23]. However,
such a relationship and poorer prognosis were not found in this
study.

Conclusion

Although several studies have reported that MMR status may be
an effective marker for predicting response to adjuvant RT in EC
patients, we did not find evidence supporting this in this study.
Prospective randomized studies are needed to elucidate this
issue.
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