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Objectives: The relationship between the microsatellite status (MS),
tumor-infiltrating lymphocytes (TIL) and prognosis is unclear in en-
dometrial cancer. We aim to examine the impact of MS and TILs on
prognosis in patients with endometrioid type EC. Methods: The pa-
tients diagnosed with EC were retrospectively analyzed in the study.
MS was evaluated by immunohistochemistry (IHC) based on expres-
sion of MLH1, MSH2, MSH6, and PMS2 proteins. The patients were
stratified according to TIL patterns. TILs were classified as intratu-
moral (iTIL), stromal (sTIL), and peritumoral TILs (pTIL). Results: A
total of 91 patients with different stages of endometrioid type EC.
In terms of MS, 58 patients were microsatellite stable (MSS) and 33
patients were microsatellite instable (MSI). pTIL score was higher in
patients with MSI than patients with MSS (P < 0.0001). We ob-
served significant correlation between pTIL infiltration and MSI sta-
tus. There was no statistically significant difference between the sur-
vival of patients with MSI and MSS irrespective of disease stage; me-
dian OS rates were 96 and 136 months, respectively (P = 0.151). Sur-
vival difference was not significant between patients with MSI and
MSS early-stage disease: OS rates for patients with MSI and MSS
were 95 and 139 months, respectively (P = 0.087). Conclusion: Our
study identified a relationship between the extent of TIL infiltration
and MSI status and reveals that EC with MSI attracts more immune
cells to the tumor micro-environment. However, we could not find
prognostic effect of microsatellite status in patients with EC.
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1. Introduction
Endometrial cancer (EC) is the first and the second most

common cancer of the female genital tract in developed and
developing countries, respectively [1]. The disease pre-
dominantly occurs in the post-menopausal period and the
main risk factors for disease development are obesity, nul-
liparity, and somatic and inherited mutations [2]. Estro-

gen dependent endometrioid carcinoma (type I) is the most
common histologic subtype and the less common subtype
is non-estrogen dependent, non-endometrioid type II. His-
tologically EC is a heterogeneous disease [3]. As more ev-
idence accumulates about the molecular genetic alterations
that contribute to endometrial tumorigenesis, heterogeneity
observed in this dualistic model broadens [4]. Endometri-
oid and serous carcinomas, represent the major phenotypes
of types I and II endometrial carcinomas respectively, and
have distinctive types of genetic instability and molecular al-
terations [5]. One of these molecular alterations associated
with type I EC is microsatellite instability (MSI). The DNA
mismatch repair (dMMR) deficiency leads to MSI by signifi-
cantly increasing the rates of strand-slippage mutations.

Endometrial carcinomas develop both sporadically or in
association with germ-line mutations in MLH1, MSH2,
MSH6 and PMS2 genes so called MMR genes [6]. Lynch
syndrome (LS), also known as hereditary nonpolyposis col-
orectal cancer, is an autosomal dominantly inherited disorder
of cancer susceptibility associated with germline mutations
in MMR genes. EC is known as the most common extra-
colonic malignancy in LS and 3 to 5% of all ECs are associ-
ated with LS. On the other hand, deficient MMR system is
observed in 25–30% of sporadic ECs and is commonly asso-
ciated with endometrioid histology [7]. LS is screened tra-
ditionally based on Amsterdam Criteria that use family his-
tory and this method was developed primarily for patients
who had colorectal cancer [8]. Patients diagnosed with LS
carry the germline variant that affects the proteins encoded
by the DNA mismatch repair (MMR) genes MLH1, MSH2,
MSH6, or PMS2. Immunohistochemical evaluation is one of
the most commonly performed tests to detect this effect. As
a preliminary test, the immunohistochemistry (IHC) method
is a valuable screening test for MSI, with sensitivity rang-
ing between 86–100% [9]. IHC screening detects the protein
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expression of MMR genes and is found to have quite simi-
lar results to genetic analysis of the MSI test in detection of
genetic abnormalities with high sensitivity [10]. Moreover,
IHC screening can reduce overall LS detection cost dramati-
cally through use of tissue microarrays without loss of accu-
racy andMSI genetic analysis requires tumormicrodissection
and evaluation of tissue in a molecular diagnostics laboratory
[11]. On the other hand, TILs are well-recognized histologic
markers associated with MS in the diverse tumor types, in-
cluding EC [12]. Despite a positive relation between TILs
and prognosis has been reported in these cancers, the pres-
ence of TILs has not been fully illuminated in endometrial
cancer [13]. Similarly, MSI has been defined as a prognos-
tic factor in colorectal cancer, the relation betweenMS status
and the clinical outcome in EC remains debatable and con-
troversial [14]. In this study, we aimed to evaluate the prog-
nostic capacity of MSI and TILs detected by IHC and inves-
tigate other potential prognostic factors and their impact on
the survival of patients with EC.

2. Materials andmethods
This is a retrospective chart review of women with a di-

agnosis of EC treated at the university cancer institute be-
tween January 2004 and December 2017. Type I (endometri-
oid type endometrial cancer) EC patients with stage I–III and
over 18 years of age except stage IA grade 1–2 were taken
into the study. The data of one hundred patients with en-
dometrioid type I EC was selected from the database, just 91
of them were eligible for the study. Stage 1A tumors hav-
ing grade 1 or 2 morphology were excluded from the study as
most of these tumors are associated with favorable prognosis
and do not necessitates additional treatment. The hysterec-
tomy specimens were re-evaluated, and the diagnosis and the
grade of the tumor were confirmed by a gynecologic patholo-
gist using surgical specimens. All patients had been discussed
in an interdisciplinary tumor board, and treatmentmodalities
such as surgery, systemic chemotherapy and radiotherapy had
been recommended based on the consensus opinion. Seven
patients with poor quality tissue samples were excluded and
the study was carried out by performing additional analysis
on specimens of 91 patients. Tumor diameter, pathologi-
cal grade, disease stage, microsatellite status, and treatment
modalities were the main parameters evaluated. The clinical
and laboratory parameters of the patients were collected and
patients were stratified according to the disease stage, recur-
rence andmicrosatellite status. Additionally, we stratified the
patients according to the tumor-infiltrating lymphocyte pat-
terns to evaluate the prognostic significance of lymphocyte
infiltration patterns according to the guideline [15]. All the
analyses were performed on H&E-stained sections. First, we
selected the tumor area and defined the peritumoral, stromal,
and intratumoral areas. Then we scanned these areas in low
magnification and determined the type of inflammatory infil-
trate. Finally, the infiltration severity or percentage was de-
termined. Three distinct TIL infiltration patterns were iden-

tified: (I) lymphocytes within cancer cell nests (intratumoral
lymphocytes (iTIL); (II) lymphocytes in the central cancer
stroma (stromal lymphocytes (sTIL); and (III) lymphocytes
present along the invasivemargins (peritumoral lymphocytes
(pTIL). TILs were enumerated on 10 high power fields. sTIL
is the percentage of lymphocytic area to the central cancer
stroma. pTIL is scored according to the intensity of lympho-
cytes on peritumoral area and is graded based on their inten-
sity as 0, +1, +2 and 3+.

IHCwas performed on paraffin-embedded formalin-fixed
tissue, cut at 3 microns, by Leica Bond Autostainer ma-
chine, using antibodies against MLH1 (Leica, clone ES05,
1/50), MSH2 (Leica, clone 25D12, 1/100), MSH6 (Leica,
clone PU29, 1/150) and PMS2 (Leica, cloneMOR4G, 1/100).
Pretreatment of MSH2 and MSH6 with epitope retrieval so-
lution 1 (BONDEpitope Retrieval Solution 1 is a ready to use,
citrate-based pH 6.0 epitope retrieval solution for the heat-
induced epitope retrieval (HIER) of formalin-fixed, paraffin-
embedded tissue on the BOND automated system.) were 20
minutes. This time for MLH1 and PMS2 were 10 minutes.

IHC for MMR enzymes such as MLH1, MSH2, MSH6,
PMS2 were performed on all pathologic samples from hys-
terectomy specimens confirmed as endometrioid type EC.
The patients with absent protein expression of any one of
MLH1, MSH2, MSH6, PMS2 were classified as deficient
MMR and patients with positive staining of all MMR en-
zymes were classified as intact or proficient MMR (Fig. 1).

Overall survival (OS) rate was the primary outcome as de-
fined by the time from the date of diagnosis to death or cen-
sorship, in which individuals lost to follow-up were censored
at the date they were last known to be alive. OS was calcu-
lated for all patients.

Differences in patient characteristics were compared be-
tween those with possible prognostic or predictive factors
for microsatellite stable or microsatellite instable endometri-
oid type EC. For categorical variables, the number and per-
centage of patients in each category were provided, and Chi-
square or Fisher’ s exact test was used for statistical compar-
isons between the treatment groups. Survival rates were es-
timated by the Kaplan-Meier method and the log-rank test
was used for comparisons between groups. Cox proportional
hazardsmodelwas used formultivariate analyses for identify-
ing independent prognostic factors of survival. Hazard ratios
(HRs) with 95% confidence intervals (CIs) were calculated.
All tests were 2-sided with a significance level of 0.05. Analy-
ses were performed using SPSS version 22 statistical software
(IBM Corporation, Somers, New York, USA).

3. Results
This study includes a total of 91 patients with EC type

I whose treatment and follow-up were carried out at the
university cancer institute. The median age of the patients
was 60 years (26–81), and the median menopausal age was
50 years (38–54). The majority of the patients were post-
menopausal (n = 79; 87.8%). The clinical characteristics of the
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Fig. 1. Endometrioid adenocarcinoma. Grade I and III: Tumor cells show positive nuclear staining with MSH2 and MSH6 (J, L, M and O); expression loss
with MLH1 and PMS2 (D and G). Grade II: Tumor cells show positive nuclear staining with MLH1, PMS2, MSH2 (E, H, and K) and nuclear expression loss
with MSH6 (N) (Infiltrated lymphocytes showed nuclear staining).

Fig. 2. The survival of all patients according to microsatellite status
irrespective of the disease stage (HR = 1.91, 95% CI = 0.77–4.71, P = 0.151).

patients at baseline are summarized in Table 1. Patients were
stratified according to the revised FIGO staging system: 5
(5.5%) patients had stage IA grade 3, 64 (70.3%) patients’stage
IB grade 3, 8 (8.8%) patients stage II and 14 (15.4%) patients
stage III. Fifty-eight patients (63.7%) were classified as MSS
and 33 (36.3%) as MSI according to the immunohistochem-
istry analyses. The OS of MSS and MSI groups was 136 and
96 months, respectively (P = 0.151) (Fig. 2). There were 77
patients with type I early-stage cancer (stage IA, IB, and II)
in our cohort, and 51 of these patients (66.2%) were classified

Fig. 3. The survival of patientswith the early-stage disease according
to microsatellite status (HR = 2.63, 95% CI = 0.86–6.51, P = 0.087).

as MSS and 26 (33.8%) as MSI. In patients with early-stage
disease, there was a clinically but not statistically significant
difference between the OS of the MSS and MSI groups (139
months vs. 95 months, respectively, P = 0.087) (Fig. 3). We
observed a statistically significant relationship between the
microsatellite status and the peritumoral lymphocyte infiltra-
tion scores. Indeed, MSI patients tended to have higher lym-
phocyte infiltration scores compared to MSS patients (P <

0.001) (Table 2). Moreover, therewas a significant difference
between the sTIL scores in MSS vs MSI tumors Lymphocyte
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.
%

Median age at diagnosis (min-max) 60 (26–81) 100
Median age at menopause (min-max) 50 (38–54) 87.1
Menopausal status Pre-menopause 4 4.4

Peri-menopause 8 8.8
Post-menopause 79 86.8

Microsatellite status MSI 33 36.3
MSS 58 63.7

MLH 1 Positive 60 65.9
Negative 31 34.1

MSH 2 Positive 91 100
Negative - -

MSH 6 Positive 89 97.8
Negative 2 2.2

PMS 2 Positive 60 65.9
Negative 31 34.1

Tumor stage Stage IA 5 5.5
Stage IB 64 70.3
Stage II 8 8.8
Stage III 14 15.4

Tumor grade Grade 1 43 46.3
Grade 2 23 24.7
Grade 3 25 29

Peritumoral Lymphocyte infiltration score 1+ 44 48.4
2+ 41 45.1
3+ 6 6.5

Co-morbidities Diabetes Mellitus 33 35.4
Hypertension 52 55.9

Thyroid dysfunction 18 19.4
Coronary arterial disease 16 17.2

Asthma 12 12.9

Fig. 4. The survival of patients according to recurrence status (HR =
5.52, 95% CI = 2.21–13.77, P< 0.001).

infiltration inMSI tumors was more prominent compared to
MSS tumors (P < 0.001). Although MSI patients had higher
intratumoral lymphocyte infiltration than MSS patients, this
difference did not reach statistical significance (P = 0.088). In
terms of tumor grade, 43 patients (47.3%) had grade 1, 23 pa-
tients (25.3%) had grade 2, and 25 patients (27.4%) had grade

3 tumors. We observed a significant association between
tumor grade and tumor stage (P = 0.022). Obese patients
comprised 52.5% of the study population and there were no
underweight patients in the group. We didn’t observe an
association between microsatellite status and body mass in-
dex (P = 0.8). In terms of treatment modality, fifty-nine
(72.8%) patients were treated with brachytherapy, 4 (4.9%)
had both brachytherapy and external radiotherapy, 3 (3.7%)
had chemotherapy and 15 (18.5%) had both chemotherapy
and radiotherapy. Twelve patients had recurrent disease, 6
(10.3%) in the MSS and 6 (18.2%) in the MSI group, with-
out a statistically significant difference (P = 0.30). 58% of
these recurrences were local. The OS in patients with recur-
ring disease was significantly lower than the OS of patients
with non-recurring disease and the median OS were 138.1
months and 59.0 months, respectively (P < 0.001) (Fig. 4).
The correlation analyses between patients’ characteristics and
microsatellite status were listed in Table 2. Diabetes (35.2%),
hypertension (56%), coronary arterial disease (16.5%), thy-
roid dysfunction (19.8%) and asthma (13.2%) were the most
common comorbidities in our patient population (Table 1).
Cox regression analysis and prognostic factors for survival
are summarized in Table 3. The median follow-up is 73.6
months.
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Table 2. The correlation between patients’ characteristics andMicrosatellite status.
Patient’s characteristic Microsatellite Instable (MSI) N (%) Microsatellite stable (MSS) N (%) P-Value

Lymphocyte infiltration Positive 29 (87.9) 18 (69) <0.001*
Negative 4 (12.1) 40 (31)

Tumor Grade Grade 1 13 (39.4) 30 (51.7) 0.18
Grade 2 1 (36.4) 11 (19)
Grade 3 8 (24.2) 17 (29.3)

Recurrence status No 27 (81.8) 52 (89.7) 0.3
Yes 6 (18.2) 6 (10.3)

Disease stage Stage 1A 1 (3) 4 (6.9) 0.6
Stage 1B 22 (66.7) 42 (72.4)
Stage 2 3 (9.1) 5 (8.6)
Stage 3 7 (21.2) 7 (12.1)

Treatment Modalities Brachytherapy 22 (73.3) 37 (72.5) 0.2
Brachytherapy and External Radiotherapy 0 (0) 4 (7.8)

Chemotherapy 1 (3.3) 2 (3.9)
Chemotherapy and Radiotherapy 7 (23.4) 8 (15.7)

*: statistically significant.

Table 3. Cox regressionmodel for the prognostic factors,
N = 91.

Factor HR 95% CI of HR P

Grade 0.09
Grade 1 1.000
Grade 2 2.347 0.716–7.696
Grade 3 3.233 1.052–9.871
Recurrence < 0.001*
Non-recurrent 1.000
Recurrent 5.520 2.213–13.771
Microsatellite status 0.16
MSS 1.000
MSI 1.913 0.777–4.710
pTIL 0.6
Lymphocyte 0+ 1.000
Lymphocyte 1+ 1.492 0.597–3.925
Lymphocyte 2+ 2.010 0.417–9.696
iTIL 0.96
Continuous 1.000 0.983–1.018
sTIL 0.16
Continuous 1.014 0.994–1.033
HR, Hazard ratio; CI, Confidence Interval; MSS, microsatellite stable; MSI,
microsatellite instability; pTIL, peritumoral lymphocytes; iTIL, intratu-
moral lymphocytes; sTIL, stromal lymphocytes.
*: statistically significant.

4. Discussion

The aim of this study was to examine the relationship be-
tween TIL, microsatellite status (MS), and prognosis in pa-
tients with type I EC and their roles in terms of patient sur-
vival. Despite the degree of TIL infiltration correlates with
improved prognosis in patients with numerous types of can-
cer, the relationship between MS status and the clinical out-
come in EC is controversial [16]. In our study, there was no
statically significance difference between the survival rate of
our patients with microsatellite unstable tumors and patients
with microsatellite stable tumors irrespective of the disease
stage (Figs. 2,3). Consistent with earlier reports, patients
with MSI tumors had more prominent peritumoral lympho-

cyte infiltration compared to those who had MSS tumors.

The MMRd can be detected in both type I endometrial
cancer and sporadic endometrial cancers. This situation is
rarely related to Lynch syndrome [17]. Lynch syndrome-
associated endometrial cancer and sporadic endometrial can-
cers represent different types of deficient MMR system. The
Lynch syndrome is associated with germline mutation, in
contrast, sporadic endometrial cancers are associated with
hypermethylation of MLH1 [6]. Consequently, microsatel-
lite status can be affected by two different types of genetic
alterations in responsible genes. The proportion of our pa-
tients with a deficient MMR system was consistent with the
literature. However, as we didn’t perform molecular assays,
we cannot dissect the exact mechanisms leading to dMMR in
our study.

Although deficientMMR system has been associated with
improved prognosis in early-stage colorectal cancer the rela-
tionship between MMR status, the clinical outcome in EC is
controversial [18]. There are reports suggesting a favorable
prognosis conferred by MSI [19, 20], however, these stud-
ies remain debatable for various reasons such as the lack of
genetic confirmation of Lynch syndrome or the character-
istics of the study population that included [21]. However,
there are in contrast claims regarding the favorable prognos-
tic effect of MMRd on the survival of patients [22]. On the
other hand, in a meta-analysis that included 23 studies, 74%
of which were retrospective case series, conclusive evidence
of an association between dMMR and poor survival in en-
dometrial cancer could not be found [23]. Even though the
outcomes in our study may have been affected by some con-
founding factors such as the disease stage and grade, patient
age, treatment type, patient distribution and comorbidities,
the findings were consistent with the medical literature. The
OS of the patients with MSI tumors was worse compared to
the OS of patients withMSS tumors. However, we didn’t ob-
serve a statistically significance, which could be small number
of patients in our cohort (Fig. 2).
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The tumor-infiltrating immune cells encompassing T and
B lymphocytes, natural killer cells, and macrophages are reg-
ulators of the immune response against tumors, and each T-
lymphocyte subset has a unique role in antitumor response.
While cytotoxic T-lymphocytes infiltrating ovarian and col-
orectal cancer are associated with improved survival, regula-
tory T lymphocytes have suppressive roles on antitumor re-
sponse and hence are associated with poor prognosis [24].
Although TILs have been reported to have prognostic and
predictive roles in certain tumors, the prognostic role of TILs
in endometrial carcinoma is still not settled [24, 25]. Low in-
traepithelial TIL counts are detected in the advanced stage,
high-risk groups of endometrial carcinomas and this emerges
as an independent predictor of poor survival [26]. In our
study, we couldn’t find a significant relationship between in-
creased TILs (intratumoral lymphocytes, peritumoral lym-
phocytes, and stromal lymphocytes) and patients’survival.
However, we haven’t performed lymphocyte subtype analy-
sis and therefore we cannot make any further comments on
this issue.

The presence of an association betweenmicrosatellite sta-
tus and tumor-infiltrating lymphocytes is well known. Espe-
cially a positive correlation between microsatellite instabil-
ity and the proportion of lymphocytic infiltration has been
demonstrated in colorectal carcinomas [27]. The presence
of high TIL counts in colorectal cancer has been associated
withMSI, with a rate of 80% sensitivity and 60% specificity to
predict MSI. Similarly, significantly higher TIL counts have
been reported in endometrial cancer patients with MSI com-
pared to MSS tumors [28]. We found a statistically signif-
icant relationship between microsatellite status and peritu-
moral TILs, and patients with MSI tumors had higher peri-
tumoral lymphocyte scores than patients with MSS tumors.
Furthermore, sTIL counts were significantly higher in MSI
compared to MSS tumors.

A potential limitation of our study is that we chose IHC
rather than MSI testing for screening our patients to detect
MMR system deficiency. However, we know that IHC is al-
most equally sensitive compared to MSI for screening Lynch
syndrome and its sensitivity was found as high as 94% in a
study [10]. Additionally, the concordance between IHC and
MSI testing has been reported to be 93% in colon tumors
when fourMMRproteins were evaluated, and positive stain-
ing for MLH1 or MSH2 predicted an intact mismatch repair
system in 95% of patients [29]. based on high concordance
between microsatellite instability evaluated through geno-
typing and mismatch repair defects evaluated through im-
munohistochemistry, we believe that mismatch repair pro-
tein expression is both feasible and reliable in evaluation of
mismatch repair status in endometrial cancer. The second
limitation of our study may be the lack of POLE and P53 mu-
tation analyzes in our patients. Because 5–8% of the POLE
mutation and much less frequently P53 mutation can be seen
in endometrioid type endometrial cancer and have potential
effects on the course of the disease [30].

Stage IA grade I–II patients were not included in our study
because of their low risk of recurrence, and follow-up for pa-
tients younger than 60-years old, not having deep invasion
and lymphovascular involvement (LVSI) is recommended in
all guidelines. In general, there is no controversy in the
treatment of patients with non-endometrioid type endome-
trial cancer, and chemotherapy is recommended for these
patients. Various treatment modalities have been proposed
for patients with high intermediate-risk and high-risk en-
dometrioid type endometrial cancer, such as surveillance,
brachytherapy, pelvic radiation treatment or chemotherapy
[31]. In our study, we investigated the possible effects of
MSI or MSS status on treatment decisions in early-stage en-
dometrioid endometrial cancers which included high inter-
mediate and high-risk stage I and II patients. And we tried
to figure out if there is any prognostic importance of MSI or
MSS status in EC that not clearly demonstrated in the litera-
ture.

5. Conclusions
In conclusion microsatellite status in endometrial carci-

noma is important, but not well recognized. In our study, we
did not find any difference between the survival of patients
with MSI and MSS endometrial cancer. We found signifi-
cantly increased TIL in microsatellite unstable patients like
in previous studies, however, despite high peritumoral lym-
phocyte infiltration, we couldn’t find a significant difference
in terms of patients’survival. Our findings may contribute to
the information on the prognosis of patients with MSI in pa-
tients with endometrial cancer which at present is conflict-
ing. Multi-institutional studies with a large number of pa-
tients and longer follow-up are needed to identify the role of
microsatellite instability in this disease.
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