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ARTICLE INFO ABSTRACT
Keywords: DNA mismatch repair protein deficiency (MMRd) in endometrial carcinoma is associated with the
Endometrial carcinoma risk of Lynch syndrome and response to immune checkpoint inhibitors. It is also related to mi-

DNA mismatch repair protein crosatellite instability and corresponds to a molecular subtype of endometrial tumor with an

LégAM unclear prognosis. Here, we evaluated the clinicopathological characteristics and prognosis of
grognosis 312 consecutive endometrial carcinoma cases submitted to complete surgical staging at a single

institution. We compared MMRd and mismatch repair protein—proficient (MMRp) tumors and
examined the effects of the MMR protein loss type (MLH1/PMS2 vs. MSH2/MSH6) and influence
of L1CAM and p53 expression. The median follow-up period was 54.5 (range, 0-120.5) months.
No difference was observed between MMRd [n = 166 (37.2%)] and MMRp [n = 196 (62.8%)]
cases in terms of age, body mass index, FIGO stage, tumor grade, tumor size, depth of myometrial
infiltration, or lymph node metastasis. More MMRd than MMRp tumors had endometrioid his-
tology (87.9% vs. 75.5%) and despite MMRd had more lymphovascular space invasion (LVSI;
27.2% vs. 16.9%), they presented fewer recurrences and no difference in lymph node metastasis
and disease-related death. Relative to those with MLH1/MSHS6 loss, tumors with MSH2/MSH6
loss were diagnosed at earlier FIGO stages, were smaller, and had less >50% myometrial inva-
sion, LVSI and lymph node metastasis. Outcomes, however, did not differ between these groups.
L1CAM positivity and mutation-type p53 expression were more common in MMRp than in MMRd
tumors and did not differ between the MLH1/PMS2 and MSH2/MSH6 loss groups. In the entire
cohort, L1ICAM and mutation p53 expression were associated with worse prognosis, but only non-
endometrioid histology, FIGO stage III/IV, and deep myometrial infiltration were significant
predictors. In the subgroup of endometrioid carcinomas, only FIGO stage III/IV was associated
with poor outcomes. The risk of lymph node metastasis was associated with tumor size, non-
endometrioid histology, and multifocal LVSI. For MMRd tumors, only tumor size and myo-
metrial invasion depth were predictive of lymph node involvement. In our cohort, MMRd tumors
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were associated with greater recurrence-free, but not overall, survival. The precise identification
of MMRd status, present in a substantial proportion of endometrial cancer cases, is a challenge to
be overcome for proper patient management. MMRd status serves as a marker for Lynch syn-
drome, and a significant number of these tumors are high risk and candidate to immunotherapy.

1. Introduction

The incidence of endometrial cancer has grown in recent decades, in developed countries such as the USA and developing countries
such as Brazil [1,2]. Contributing factors include obesity and increased life expectancy. In general, cancer survival rates have tended to
increase, except for cancers involving the corpus uteri and cervix, due to the relative ineffectiveness of available treatment options [1].

Endometrial cancer was long classified as endometrioid and non-endometrioid, but in 2013 The Cancer Genome Atlas (TCGA)
research network identified four main subtypes of genomic somatic alteration among endometrioid and serous endometrial carci-
nomas [3]. This group reported that tumors with pathogenic polymerase epsilon (POLE) mutations and those exhibiting high mi-
crosatellite instability (MSI-H) had the greatest tumor mutation burden and immune activation [3]. Those harboring POLE mutations
are referred to as ultramutated because they have the largest number of mutations. They have an excellent prognosis, independent of
any other feature. Tumors exhibiting MSI, which comprise approximately 30% of the cases, are referred hypermutated [3]. Both
POLEmut and MSI-high (MSI-H) are tumors with the highest tumor mutation burden and immune activation. The remaining tumors,
with fewer mutations, are classified based on the number of somatic copy number (CN) alterations. CN-high tumors, including all
serous and some high grade endometrioid, have the worst prognosis; they exhibit chromosomal instability and recurrent TP53 mu-
tations [3]. CN-low tumors, most of which are endometrioid, have elevated RAD50 expression, associated with DNA repair, which may
contribute to chromosomal stability [3]. The translation of TCGA classification to practice became feasible with the development of the
Proactive Molecular Risk Classifier for Endometrial Cancer tool [4]. The use of this classifier involves the sequencing POLE exons 9-14
and immunohistochemistry of the mismatch repair (MMR) proteins MLH1, MSH2, MSH, and PMS2 for the identification of POLEmut
and MSI-H tumors, respectively. After exclusion of these two groups, p53 immunohistochemical analysis is performed to classify the
CN status as high (mutation-type p53, p53mut) or low (nonspecific molecular profile, wild-type p53, p53w). Despite the robust
prognostic implications of such molecular classification, particularly for POLE-mutated and p53mut groups, clinical risk stratification
is still based on classical clinicopathological characteristics, as outlined in the recommendations of the 2016 European Society for
Medical Oncology, European Society of Gynaecological Oncology and European Society for Radiotherapy and Oncology (ESMO-ES-
GO-ESTRO) recommendations [5]. The current ESMO recommendations include molecular classification and the consideration of
POLE mutation and p53mut to prevent over- and under-treatment, respectively [6]. Classical pathological characteristics, such as the
histological type, tumor grade, lymphovascular space invasion (LVSI), depth of myometrial infiltration, and lymph node involvement,
remain discriminatory for tumors with nonspecific molecular profile and those with mismatch repair deficiency (MMRd), but these
tumor types are very heterogeneous and their classification would be improved by the consideration of additional prognostic factors.
One such factor is the expression of L1 Cell Adhesion Molecule (L1CAM), a transmembrane glycoprotein of the immunoglobulin
superfamily, that is involved in the process of epithelial-mesenchymal transition (EMT) and is expressed by different aggressive tumors
types [7-9].

MSI-H tumors have loss-of-function in the DNA of MMR genes (MLH1, MSH2, MSH6, and PMS2), either somatic or germline, with
the latter causing Lynch syndrome (LS). About 17% of MSI-H cases are associated with LS, corresponding to about 4% of all endo-
metrial cancer [10]. In most endometrial cancers with MMRd, the loss of protein function is secondary to MLHI hypermethylation
[11]. MMRA tumors are more sensitive to radiation and immunotherapy, with questionable benefit from chemotherapy [12-14]. The
mechanisms by which MMR proteins defects determine MSI possibly differ based on whether the loss is due to MLHI hyper-
methylation, somatic mutations, or germline mutations [15,16]. The MSI-H/MMRA status is associated with a high neoantigen load
and immune activation, resulting in greater susceptibility to checkpoint inhibitors; it thus serves as a biomarker indicating selection for
such treatment [17,18].

In this study we compared the clinicopathological characteristics and prognoses of MMRd and mismatch repair-proficient (MMRp)
endometrial cancers. We sought to identify any difference between these groups, the MMR protein loss type (MLH1/PMS2 and MSH2/
MSHS6), and the influences of LICAM and p53.

2. Methods

This study was approved by the Scientific Committee of the Department of Pathology of Faculdade de Medicina da Universidade de
Sao Paulo and by the Ethics Committee for Research Projects of the Hospital das Clinicas da Faculdade de Medicina da Universidade de
Sao Paulo (Comissao de Etica para Analise de Pesquisa - CAPPesq) (no. 351/16), and by Plataforma Brasil (CAAE
59579616.8.0000.0065). It complied with the ethical precepts proposed by the legislation in force in Brazil (R466,/2012).

We retrospectively enrolled consecutive patients with endometrial carcinoma diagnoses confirmed between January 2011 and
December 2017, who underwent complete surgical staging at the Instituto do Cancer do Estado de Sao Paulo (Sao Paulo, Brazil), a
public teaching hospital, and were referred for cancer treatment. Data on patient age, family history of cancer, body mass index (BMI),
International Federation of Gynecology and Obstetrics (FIGO) staging, primary treatment, tumor size (in centimeters), lymph node
status, and follow-up were retrieved form the medical records. Tumors were classified according the 2020 World Health Organization
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(WHO) criteria and graded using the FIGO two-tiers system [19]. For statistical purposes histological types were grouped into
endometrioid and non-endometrioid categories (Fig. 1A). For the same reasons, FIGO I and II were grouped as early stage, and IIT and
IV as advanced. The same pathologist (FNA) reviewed all cases, determining the depth of myometrial infiltration (less than 50% or
equal or more than 50%); presence of the microcystic, elongated, and fragmented pattern of myoinvasion [20]; and LVSI [no emboli,
focal (just one peritumoral focus), or multifocal (four or more foci on one slide, or multiple foci in different slides)] [21]. For statistical
purposes and as recommended by ESMO [6], LVSI was dichotomized as none/focal and multifocal) [21].

Immunohistochemical analysis of p53 and MMR proteins MLH1, MSH2, MSH6, and PMS2 (performed routinely at our institution)
was repeated for this study on tissue microarray blocks, with the addition of LICAM analysis. Tissue microarrays were constructed
with four selected 2 mm-diameter tumor areas. Details of the immunohistochemical reactions are provided in Table 1. All reactions
were performed using the Envision Flex detection system (Dako, Carpinteria, USA), and peroxidase activity was visualized with
diaminobenzidine staining (DAKO, USA).

MMRd was defined as the complete or subclonal abrupt loss of the nuclear expression of at least one of the proteins in tumor cells in
the presence of internal control positivity in lymphocytes and/or stroma (Fig. 1B and C) [22]. For statistical purposes, we divided
MMRd cases into two groups: one with MLH1/PMS2 loss and MSH2 and MSH6 preservation, and the other with MSH2 and/or MSH6
loss, independent of MLH1/PMS2 status. MMRp status was defined as the preservation of the immunohistochemical expression of all
four proteins. p53mut status was defined by strong uniform nuclear staining in >80% of the tumor cells, or complete absence of such
staining, in the presence of focal nuclear staining of the stromal cells (Fig. 1F). p53w status was defined by weak to moderate nuclear
staining in some tumor cells (Fig. 1E). L1ICAM positivity was defined as membrane staining in 10% or more tumor cells [23] (Fig. 1D).

The chi-square test and Fisher’s exact test were used to evaluate the association between categorical variables. Patient age, BMI,
and tumor size were treated as quantitative variables and compared using the Mann-Whitney U test, t-test), and Kruskal-Wallis test
with Dunn adjustment for multiple group comparison. Kaplan-Meier curves were used to describe recurrence-free survival and/or
death related to the disease, with the inclusion of data from patients with >3 months follow-up. Survival curves were compared using
the log rank test. Stepwise logistic regression was used to select the variables associated with lymph node metastasis, and Cox pro-
portional hazards regression was used to analyze the effect of multiple variables on outcomes.

The statistical analyses were performed using MedCalc® software (version 20.123; Medcalc Software Ltd., Ostend, Belgium;
https://www.medcalc.org; 2022). P-values <0.05 were considered to be significant.
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Fig. 1. Representative histological and immunohistochemical images of endometrial carcinoma. A) non-endometrioid histological type showing a
neoplastic gland of a serous endometrial carcinoma adjacent to a normal endometrial gland (original magnification x200). B) MLH1: loss of
immunoexpression in tumor cells and normal expression in stroma (original magnification x200). C) MSH6: loss of expression in tumor cells
(original magnification x200). D) L1CAM-positive: membranous staining in more than 10% of tumor cells (original magnification x100). E) wild-
type p53 expression with some tumor cells showing nuclear staining (original magnification x100). F) mutant-type p53 showing strong and diffuse
expression in tumor cells, with non-neoplastic glands and stroma with normal expression pattern (original magnification x100).
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Table 1
—~Immunohistochemistry method details.
Primary antibody Clone Provider Titration Antigen retrieval Time of antigen retrieval
p53 DO-7 Dako 1:3000 pH 9.0 20 min
MLH1 ES05 Dako Pure; Linker mouse pH 9.0 20 min
MSH2 G219-1129 Dako 1:400 pH 9.0 30 min
MSH6 EP49 Dako pure; Linker mouse pH 9.0 20 min
PMS2 EP51 Dako pure; Linker mouse pH 9.0 40 min
L1CAM 14.10 COVANCE 1:200 pH6.1 20 min
3. Results

In total, 312 consecutive patients aged 36-85 years (mean + standard deviation, 63.1 + 7.99) were included. Of these patients, 116
(37.2%) had MMRd and 196 (62.8%) had MMRp tumors. The median follow-up duration was 54.5 (range 0-120.5) months [95%
confidence interval (CI), 51.7-56.8 months]. Adjuvant chemotherapy was indicated in 134 (42.9%) patients, of whom 132 (98.5%)
received carboplatin and paclitaxel regimens and 2 (1.5%) received cisplatin and doxorubicin regimens. External radiotherapy was
performed in 138 (44.2%) and brachytherapy in 190 (60.8%). Eighty-four of 291 (28.9%) patients had family histories of cancer
[endometrial, n = 21 (7.2%); colorectal, n = 21 (7.2%); breast, n = 34 (11.7%); ovarian, n = 6 (2.1%); stomach, n = 1 (0.3%); thyroid,
n =1 (0.3%)].

The clinicopathological findings are summarized in Table 2. More MMRd than MMRp tumors were associated with endometrioid
histology (p = 0.008). MMRd and MMRp cases did not differ in terms of age, family history of cancer, family history of endometrial
and/or colorectal cancer, BMI, tumor stage, histological grade, tumor size, depth of myometrial invasion, or pattern of myoinvasion.
LVSI was more frequent in MMRd tumors than in MMRp tumors (p = 0.02), but lymph node metastasis was similar in the two groups.
The distribution of ESMO/ESTRO/ESGO risk categories differed between groups, but not in a clinically relevant manner. Intermediate
risk was more frequent in MMRp tumors, and high-intermediate risk was more prevalent among MMRd group. Twenty (17.2%) and 41

Table 2
Clinicopathological characteristics of 312 endometrial cancers according to DNA mismatch repair (MMR) protein status.
MMR deficient MMR proficient p

n 116 196

age Median (95%CI) 63.2 (60.1-64.8) 63.1 (61.9-63.8) 0.98

Family history of cancer Yes 38 (34.2%) 46 (25.5%) 0.26
No 73 (65.8%) 134 (74.4%)

Body Mass Index Median (95%CI) 31.1 (29.4-32.4) 30.4 (29.7-31.6) 0.33

Histological type Endometrioid 102 (87.9%) 148 (75.5%) 0.008
Non-endometrioid 14 (12.1%) 48 (24.5%)

FIGO I/11 81 (69.8%) 139 (70.9%) 0,84
/v 35 (30.2%) 57 (29.1%)

ESMO-ESGO-ESTRO low 38 (32.8%) 59 (30.1%) 0.020
intermediate 5 (4.3%) 29 (14.8%)
High-intermediate 15 (12.9%) 12 (6.1%)
High 54 (46.6%) 91 (46.4%)
Advanced/metastatic 4 (3.4%) 5 (2.6%)

Grade Low 85 (73.3%) 137 (69.9%) 0,52
High 31 (26.7%) 59 (30.1%)

Tumor size (cm) Mean (95% CI) 4 (3.7-4.5) 4 (3.7-4.5) 0.84

Tumor size <2.0 cm 13 (12.4%) 27 (15.3%) 0,50
>2.0 cm 92 (87.6%) 150 (84.7%)
NA 11 19

Myometrial invasion <50% 61 (52.6%) 109 (55.9%) 0,57
>50% 55 (47.4%) 86 44.1%)
NA 1

LVSI No/focal 84 (72.4%) 162 (83.1%) 0.025
Multifocal 32 (27.6%) 33 (16.9%)
NA 1

MELF Absent 89 (76,7%) 132 (67.7%) 0.090
Present 27 (23.3%) 63 (32.3%)
NA 0 1

Node Negative 88 (77.2%) 154 (61.8%) 0,78
Positive 26 (22.8%) 42 (21.4%)
NA 2 0

Recurrence 8/115 (6.9%) 29/195 (14.8%)

Death of disease 9/110 (8.2%) 22/192 (11.5%)

Any unfavorable event (recurrence and/or death associated with disease) 11/106 (10.38%) 32/185 (17.5%)

LVSI: lymphovascular space invasion; MELF: microcystic, elongated, and fragmented; NA: not avaible.
*Mann-Whitney test; ** Chi-square test; *** logrank test.
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(20.9%) MMRd and MMRp tumors, respectively, were of intermediate or high-intermediate risk (p = 0.05). More relapse occurred in
the MMRp group than in the MMRd group, but this difference did not affect disease-related survival. Survival curves according to MMR
status are provided in Fig. 2 (A-F). Eight patients died in the immediate postoperative period due to complications not related directly
to the disease, and their data were not included in the survival analyses.

Fifty MMRd tumors showed MLH1/PMS2 loss, 51 had MSH2/MSH6 loss, and 15 of these tumors showed both types of loss
(Table 3). Patients with MSH2/MSHS6 loss tended to be younger than those with MLH1/PMS2 loss, but this difference was not sig-
nificant. A family history of cancer was more frequent among patients with MSH2/MSHS6 loss than among those with MLH1/PMS2 loss
(p = 0.05) and MMRp group (p = 0.007). This difference was maintained when we compared the frequencies of colorectal and/or
endometrial cancer between MSH2/MSHS6 loss and MLH1/PMS2 loss (p = 0.04) and between MSH2/MSHS6 loss and MMRp (p = 0.03).
More tumors in the MSH2/MSHS6 loss group than in the MLH1/PMS2 loss group were early stage (p = 0.005), with lower ESMO/
ESTRO/ESGO risk profiles (p = 0.007), lower tumor size (p = 0.01), less >50% myometrial invasion (p = 0.006), less LVSI (p = 0.03),
and less lymph node metastasis (p = 0.01). However, outcomes did not differ between groups.

Age, tumor grade, and BMI did not differ between the MMRd tumor subgroups and the MMRp subgroup. Endometrioid histology
was more common in the MLH1/PMS2 (p = 0.03) and MSH2/MSHS loss groups (p = 0.06) than in the MMRp group. Relative to MMRp
tumors, more tumors with MSH2/MSHS6 loss had low ESMO-ESGO-ESTRO risk profile (p = 0.02) and more tumors with MLH1/PMS2
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Table 3

Clinicopathological characteristics of the two types of DNA mismatch repair-deficient (MLH1/PMS2 and MSH2/MSH6 losses) and -proficient
endometrial carcinomas.

Variable MLH1/PMS2 (1) MSH2/MSH6 (2) MMRp (3) P(1vs. 2) P(1vs3) P(2vs.3)
n 50 66 196

Age (y); median (95% CI) 64.1 (60.67-65.56) 61.2 (59.22-65.52) 63.1 (61.9-63.8) 0.62* 0.73* 0,74*
Family history of cancer

no 37 (78.7%) 36 (56.2%) 134 (74.4%) 0.05%* 0.54%* 0.007%*
yes 10 (21.2%) 28 (40.7%) 46 (25.5%)

Body Mass Index; median (95%CI) 31.2 (29.5-32.6) 31 (28.8-33.8) 30.4 (29.7-31.6) 0.46* 0.34* 0.05*
Histological type:

Endometrioid 45 (90%) 57 (86.4%) 148 (75.5%) 0.55%** 0.03** 0.06**
Non-endometrioid 5 (10%) 9 (13.6) 48 (24.5%)

FIGO stage

/11 28 (56%) 53 (80.3%) 139 (70.9%) 0.005%* 0.04** 0.14%*
/v 22 (44%) 13 (19.7%) 57 (29.1%)

ESMO-ESGO-ESTRO risk stratification

low 10 (20%) 28 (42.4%) 59 (30.1%) 0.007** 0.14%* 0.02%*
intermediate 2 (4%) 3 (4.5%) 29 (14.8%)

High-intermediate 6 (12%) 9 (13.6%) 12 (6.1%)

High 20 (60%) 24 (36.4%) 91 (46.4%)

Advanced/metastatic 2 (4%) 2 (3%) 5 (2.6%)

Low tumor grade 36 (72%) 49 (74.2%) 137 (69.9%) 0.78%* 0.50%* 0.77%*
High tumor grade 14 (28%) 17 (25.8%) 59 (30.1%)

Tumor size (cm); median (95% CI) 4.5 (4-5.2) 3.9 (3.4-4.4) 4 (3.7-4.5) 0.01* 0.06* 0.20*
Tumor size

<2.0 cm 5(11.1%) 8 (13.3%) 27 (15.3%) 0.73** 0.48** 0.71%*
>2.0 cm 40 (88.9%) 52 (86.7%) 150 (84.7%)

Not evaluated 5 6 19

Myometrial invasion

<50% 19 (38%) 42 (63.6%) 109 (55.9%) 0.006** 0.02** 0.27%*
>50% 31 (62%) 24 (36.4%) 86 (44.1%)

LVSI

No/focal 31 (62%) 53 (80.3%) 162 (83.1%) 0.03** 0.001 0.61%*
Multifocal 19 (38%) 13 (19.7%) 33 (16.9%)

MELF

Absent 36 (72%) 53 (80.3%) 132 (67.7%) 0.30** 0.56** 0.05**
Present 14 (28%) 13 (19.7%) 63 (32.3%)

Node

Negative 33 (66%) 55 (85.9%) 154 (61.8%) 0.012** 0.06** 0.20%*
Positive 17 (34%) 9 (14.1%) 42 (21.4%)

Not evaluated 0

LVSI: lymphovascular space invasion; MELF: microcystic, elongated, and fragmented.
*t-test; **Chi-square test, for p-values analyzing the three groups together, see text.

loss were advanced (p = 0.04), with deeper myometrial infiltration (p = 0,02), more LVSI (p = 0.001), and more lymph node metastasis
(p = 0.06) (Table 3). The median tumor size was larger in the MLH1/PMS2 loss group than in the MMRp group, but this difference was
not significant in the adjusted analysis. MMRp tumors were associated with more recurrence than were the MMRd subgroups, but this
difference had no impact on survival (Table 4).

p53mut immunoexpression was identified in 56 cases, 12 (21.4%) in MMRd tumors and 44 (78.6%) in MMRp tumors. These cases
represented 10.6% of MMRd tumors and 23.2% of MMRp tumors (p = 0.007). Among MMRd tumors, 10 (17.8%) of these cases had
MSH2/MSHS loss and 2 (3.5%) had MLH1/PMS2 loss (p = 0.06). LICAM positivity was observed in 69 [22.1%; 13 (18.8%) MMRd and
56 (81.2%) MMRp] tumors. These cases represented 11.2% of MMRd tumors and 28.6% of MMRp tumors (p = 0.0004). L1CAM
positivity did not differ significantly between the MLH1/PMS2 and MSH2/MSHS6 loss subgroups (8% and 13.6%, respectively). The
p53mut status was associated strongly with L1CAM positivity: 219 (72.3%) tumors were L1CAM negative/p53w, 41 (13.5%) were
L1CAM positive/p53mut, 15 (5%) were L1CAM positive/p53w, and 28 (9.2%) tumors were L1CAM negative/p53mut (p < 0.0001).

L1CAM and p53 expression were associated with a greater risk of lymph node metastasis and higher rates of recurrence and death

Table 4
Relative risk of lymph node metastasis and outcome according MMR status, p53 expression and L1CAM expression in 312 endometrial carcinomas.

Lymph node metastasis

RR (95% CI, p)

recurrence

death

Recurrence and/or death

RR (95% CI, p)

RR (95% CI, p)

RR (95% CI, p)

MMRd
pS3mut
L1CAM-positive

1.06 (0.69-1.64, 0.78)
3.06 (2.08-4.50, <0.0001)
2.93 (1.97-4.34, <0.0001)

0.47 (0.22-0.99, 0.05)
5.26 (2.96-9.37, <0.0001)
4.58 (2.53-8.29, <0.0001)

1.02 (0.61-1.71, 0.94)
4.24 (2.24-8.04, <0.0001)
2.43 (1.48-3.96, 0.0004)

0.60 (0.32-1.14, 0.12)
3.85 (2.29-6.46, <0.0001)
3.57 (2.10-6.07, <0.0001)
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(Table 4). Curves of survival according to L1CAM (Fig. 3A-C) and p53 (Fig. 3D-F) expression demonstrate the prognostic value of these
variables.

The predictive ability of the following variables with regard to lymph node metastasis was examined in a multivariate model: tumor
size, histological type, tumor grade, LVSI, depth of myometrial invasion, MMR protein status, p53 status, and L1CAM status. Only
tumor size, non-endometrioid histology, and multifocal LVSI were predictive (Table 5). For endometrioid tumors, only tumor size [odd
ratio (OR) 1.27; 95%CI 1.09-1.47; p = 0.001] and LVSI (OR 3.71; 95% CI 1.55-8.86; p = 0.003) were predictive (p < 0.0001). For
MMRd group, only tumor size (OR 1.2; 95% CI 1.02-1.50; p = 0.03) and >50% myometrial invasion (OR 3.3; 95% CI 1.11-10.10; p =
0.03) were predictive of lymph node metastasis (p = 0.0005).

A Cox proportional-hazards regression model was created with the variables FIGO stage, histological type, grade, tumor size, depth
of myometrial invasion, LVSI, lymph node metastasis, MMR protein status, p53 status, and L1CAM status. Factors predictive of un-
favorable events (recurrence and/or death) were non-endometrioid histology type (p < 0.0001), advanced stage (p = 0.0224), and
deep myometrial invasion (p = 0.0053). For endometrioid carcinomas, only advanced stage was predictive (p = 0.03). Factors
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Table 5

Independent variables associated with lymph node involvement in 312 endometrial carcinomas.
Variable OR 95%CI p
All cohort
Tumor size 1.35 1.18-1.55 <0.0001
Multifocal LVSI 5.18 2.50-10.70 <0.0001
Non-endometrioid histology 3.83 1.81-8.11 0.0005
Endometrioid carcinomas
Tumor size 1.27 1.10-1.48 0.0013
Multifocal LVSI 3.89 1.63-9.30 0.0022

LVSI: lymphovascular space invasion.

associated with recurrence were non-endometrioid histology (p < 0.0001) and deep myometrial infiltration (p = 0.0004). For
endometrioid tumors, only LVSI was predictive of recurrence (p = 0.0445).

4. Discussion

In the present study, the clinicopathological features and outcomes of endometrial carcinoma were analyzed, with an emphasis on
MMR proteins status. The study groups did not differ in terms of age, BMI, FIGO stage, tumor grade, tumor size, depth of myometrial
infiltration, or lymph node metastasis. The only differences observed were that endometrioid histology and LVSI were more common
in MMRd than in MMRp tumors.

The association of MMRA status with endometrioid histology is well documented [24,25], but the frequency of non-endometrioid
MMRd tumors (22.6% in our sample, 13.8% in Kim et al. [25]) is not negligible. Considering the role of immune checkpoint inhibitors
as a therapeutic option, the determination of the MMR protein status in all cases, regardless of histological characteristics, is important.

LVSI, a classical prognostic factor, has also been observed more frequently among MMRd tumors in previous studies [24-26].
However, the prognostic value of this indicator is controversial and likely depends on other factors, such as immune activation, which
is more common in tumors with chromatin dysregulation [27,28]. In addition to its association with the MMRd status, LVSI was
associated with endometrioid tumor recurrence in our sample.

The MMRA status has been associated with adverse outcomes in some studies [24,26], but found to be favorable for survival in
other work [29]. We observed less recurrence of MMRd group than of MMRp tumors in the present study. The MMR protein status is
also related to the treatment response [25,29]. Possible explanations for biological differences associated with MMR status include
geographical or ethnic influence, immune activation, and the origin (epigenetic, germinative or somatic) and/or type of the protein
loss. Most cases of MLH1/PMS2 loss are secondary to MLH1 methylation, whereas other types of MMR protein loss are more commonly
associated with Lynch syndrome [26,29]. Many patients in our MSH2/MSHS6 loss group had family histories of cancer, suggesting that
Lynch syndrome was more common in this group. We do not have access to testing for this syndrome for all patients at our public
institution. Relative to MMRd tumors with MLH1/PMS2 loss, tumors in our sample with MSH2/MSHS6 loss were smaller and have less
depth of myoinvasion, LVSI and lymph node involvement. MSH2/MSHS6 loss presented with smaller tumors, less >50% myoinvasion,
less LVSI, and less lymph node involvement than those with MLH1/PMS2 loss. However, recurrence and death rates did not differ
between these groups, suggesting that other factors are involved in the more favorable outcomes observed in these subgroups than in
the MMRp group. One factor to consider is immune activation, present in MMRd tumors and potentially indicating immunotherapy
[14,27,30]. MLH1 methylation corresponds to more than 70% of MLH1 deficiency and more aggressive clinicopathological features
[11,31].

Some of our cases of MSH2/MSH®6 loss included some less usual patterns of staining, characterized by loss of protein for both
heterodimers. Although this finding has been described, mainly for tumors of the digestive system, its biological significance is not
understood [32,33]. As MMR protein testing is increasingly included in the diagnostic workup for endometrial carcinoma, based on the
recommendations of numerous medical societies [6,34-36], an increasing number of cases may show this pattern, highlighting the
need to recognize and further investigate it. Overall, the characterization of all patterns of MMR protein loss, including subclonal loss,
heterodimer involvement, and anomalous expression patterns (e.g., punctate nuclear [37]), is very important. Even subclonal staining,
for example, has been found associated to LS [38]. In addition to serving as a screening tool for Lynch syndrome, MMR protein testing
provides information that is useful for the selection of systemic therapy (i.e., indication for immune checkpoint inhibitors alone or in
combination with chemotherapy) for some conditions [17,39,40]. About 30% of MMRd cases in our sample were advanced and about
50% were classified as high/advanced risk (~50%); immunotherapy is an option for such cases.

Strong L1CAM expression has been associated with adverse clinicopathological factors and worse prognoses of endometrial car-
cinomas, particularly those with nonspecific molecular profiles [41,42]. In our previous study, in a small sample, L1CAM expression
was associated with adverse clinicopathological features, particularly LVSI [43]. p5S3mut status has been noted to be an important
prognostic factor [44]. The present study confirmed the prognostic role of L1CAM and p53mut status, but these features were not
independent in the multivariate analysis. LICAM was associated with p53mut, and both were less common among MMRd tumors.
TP53 mutation was described in 5% of MSI-H tumors in the TCGA study [3]. Among cases of multiple molecular classifiers,
MMRd/p53mut is the most common profile, present in about 1.8% of the cases, and does not seem to impact the behavior of MMRd
tumors [45]. In our sample, 10.6% of MMRd tumors had p53mut status; this proportion is smaller than that of MMRp tumors (23.2%),
but larger than in the TCGA dataset. One possible explanation for this difference is that some of these cases are POLE-mutated tumors,
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35% of which have TP53 mutations according to TCGA [3].

In our multivariate analysis, tumor size was an independent prognostic factor for lymph node metastasis in the entire cohort and for
MMRd tumors. Although most of these cases were early stage, small proportion of tumors with diameters <2.0 cm was notable,
reflecting the difficulty of early diagnosis. In our previous study of 703 patients treated at the same institution from 2008 to 2018, the
same low frequency of tumors smaller than 2.0 cm was observed (i.e., 13.7 cm A similarly small proportion of endometrial tumors with
diameters <2.0 cm was observed in a sample of 703 patients treated at the same institution from 2008 to 2018 (mean tumor diameter,
13.7 c¢m) [46]. This cut-off is critical for the application of more conservative surgical approaches and has been shown to have a
prognostic impact [47-49].

The present study has several strengths. First, it was conducted with an unselected cohort of patients diagnosed and treated at a
single reference cancer center by a uniform pathological, surgical, and oncological team whose members follow rigid guidelines. In
addition, the same senior pathologist reviewed all cases. Second, the study explored MMRd tumors, which are common among
endometrial carcinomas and should be identified for the purposes of Lynch syndrome screening and therapeutic guidance. The present
results suggest that differences between MMRA types should be further investigated to better understand their possible causes and
clinical implications. Finally, although the study was retrospective, it provides a real-life picture of endometrial cancer, the incidence
of which is increasing. A study limitation was the impossibility of examining MLH1 hypermethylation and Lynch syndrome due to the
lack of avaible testing. Another limitation was the lack of POLE sequencing, which is not performed widely in Brazil, especially in
public hospitals.

5. Conclusion

MMRd endometrial carcinomas are frequent and more commonly of endometrioid histology and associated with less recurrence
than MMRp tumors, although these factors have no impact on survival. LICAM positivity and p53mut status were more common in
MMRp tumors than in MMRd tumors in our sample and were associated with worse outcomes, although they were not independent
factors. Relative to MLH1/PMS2 loss, MSH2/MSH6 loss in MMRd tumors was associated with a family history of cancer, earlier
diagnosis, smaller tumor size, and less myometrial invasion, LVSI and lymph node metastasis. However, the recurrence and disease-
specific death rates associated with these two MMRd tumor types were similar. The observed differences may be related to the greater
probability of Lynch syndrome associated with MSH2/MSHS6 loss relative to MLH1/PMS2 loss.

MMRd tumors present in advanced stages and with high-risk features in a fraction similar to proficient tumors. Similar proportions
of MMRd and MMRp tumors present in advanced stages and with high-risk features. The precise identification of MMR protein status is
crucial to determine patient candidacy for single-agent immunotherapy.
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