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Simple Summary: Optimum risk stratification in the early stages of endometrial cancer combines
molecular and clinicopathological features. The purpose of the study was to determine the prognostic
value of molecular classification and traditional pathological factors in a sample group of patients
with stage I endometrial cancer according to the FIGO 2023 criteria to achieve a more personalized
approach to patient care and treatment. The immunohistochemistry for p53 and mismatch repair
(MMR) proteins, and DNA sequencing for POLE exonuclease domain and clinicopathological param-
eters, including outcomes in 139 patients, were analyzed. Our research studies confirm that molecular
category corresponds to a different prognosis in clinical stage I EC according to the new 2023 FIGO
classification, with POLEmut cases presenting the best outcomes and p53abn cases showing the worst
outcomes. Beyond the previous routine clinicopathological assessment, the new EC staging system
represents an important step toward improving our ability to stratify IC stage EC risk.

Abstract: Optimum risk stratification in an early stage of endometrial cancer (EC) combines molecular
and clinicopathological features. The purpose of the study was to determine the prognostic value of
molecular classification and traditional pathological factors in a sample group of patients with stage
I EC according to the FIGO 2023 criteria, to achieve a more personalized approach to patient care
and treatment. The immunohistochemistry for p53 and mismatch repair (MMR) proteins, and DNA
sequencing for POLE exonuclease domain and clinicopathological parameters, including disease
disease-free survival (DFS) and overall survival (OS) in 139 patients, were analyzed. It has been shown
that the independent recurrence risk factors are stage IC (p < 0.001), aggressive histological types EC
(p < 0.001), and the presence of p53abn protein immunoexpression (p = 0.009). Stage IC (p = 0.018),
aggressive histological types EC (p = 0.025) and the presence of p53abn protein immunoexpression
(p = 0.010) were all significantly associated with lower 5-year OS rates. Our research studies confirm
that the molecular category corresponds to a different prognosis in clinical stage I EC according to the
new 2023 FIGO classification, with POLEmut cases presenting the best outcomes and p53abn cases
showing the worst outcomes. Beyond the previous routine clinicopathological assessment, the new
EC staging system represents an important step toward improving our ability to stratify IC stage
EC risk.
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1. Introduction

According to the Global Cancer Statistics report from 2020, endometrial cancer (EC)
ranks as the sixth most prevalent cancer among women worldwide. In that year alone, there
were 417,000 newly diagnosed cases. Over the past three decades, there has been a notable
132% increase in the incidence of this cancer, largely attributed to rising obesity rates and
an aging demographic [1]. Endometrial cancer often manifests initially as postmenopausal
bleeding, yet such bleeding is indicative of underlying endometrial cancer in only 5% to
10% of instances. Over 50% of the women diagnosed with endometrial cancer are detected
at an early stage, making their condition more manageable and often treatable, primarily
through surgical intervention. The prognosis of EC, as well as the risk of its recurrence,
is shaped by several clinicopathologic factors. These include the patient’s age, which
plays a critical role in determining outcomes. Additionally, the stage of the cancer is a key
determinant, as it reflects the extent of the disease’s progression. The histologic subtype
of the cancer also significantly impacts its prognosis. Another vital factor is the tumor
grade, which indicates the aggressiveness of the cancer. Finally, the presence or absence
of lymphovascular space invasion (LVSI) is crucial in assessing the likelihood of cancer
recurrence. Each of these factors individually and collectively contributes to the overall
prognosis and recurrence risk in EC cases [2].

Since the publication of the last update of the FIGO classification for EC in 2009,
there has been significant progress in understanding the molecular pathomechanisms of
its development [3,4]. Today, much more information is available to better define the
molecular changes in specific types of EC. Numerous studies on new treatments and the
prognostic factors that correlate with previously-recognized clinicopathologic factors have
also been published. In 2023, the FIGO Committee on Women’s Cancer introduced a revised
and detailed classification system for EC. This new taxonomy delineates EC into several
distinct categories based on their histopathological characteristics and aggressiveness.
These categories include endometrioid carcinoma (EEC), which is further subdivided into
low grade (G1 and G2) and high grade (G3), serous carcinoma (SC), clear cell carcinoma
(CCC), mixed carcinoma (MC), undifferentiated carcinoma (UC), and carcinosarcoma (CS).
Additionally, this classification encompasses other rarer types, such as mesonephric-like
carcinomas and gastrointestinal mucinous type carcinomas. In this updated framework,
non-aggressive histological types are classified under low-grade endometrioid carcinomas
(G1 and G2 EECs). Conversely, the aggressive histological types are now identified as
high-grade endometrioid carcinomas (G3 EECs), along with SC, CCC, MC, UC, CS, and
the aforementioned rare types like mesonephric-like and gastrointestinal-type mucinous
carcinomas [5].

The new molecular and histologic staging system is based on the ESGO/ESTRO/ESP
guidelines [6]. Based on the existing evidence, Berek et al. [5] defined the substages as
follows. IA1 is a non-aggressive histologic type of EC Stage I (IA1), restricted to polyps
or the endometrium. According to WHO criteria, IA2 is a non-aggressive histologic type
of EC involving <50% of the myometrium with no or with focal LVSI. IA3 is a low-grade
EC in the uterus and is associated with low-grade endometrioid ovarian disease. IB is a
non-aggressive histologic class covering 50% or more of the myometrium but not having
LVSI or focal LVSI. IC is an aggressive histological form with no myometrial invasion of
EC, such as serous, high-grade endometrioid, clear cell, carcinosarcoma, undifferentiated,
mixed, and other rare types.

The Cancer Genome Atlas (TCGA) defines optimal risk stratification in early EC as a
combination of clinicopathologic factors and molecular classification. An important factor
in the rapidly growing popularity of the TCGA classifier is the relative ease with which the
POLEmut, MMRd, NSMP, and p53abn molecular subgroups can be identified. Different
subclasses are discovered using IHC for p53 (p53abn EC); for example, the MSI subclass by
IHC for mismatch repair (MMR) proteins (MMRd EC) and targeted sequencing of the POLE
exonuclease domain (POLEmut EC). Malignancies without all three of these characteristics
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are classed as p53 wild-type (p53wt EC) or as ECs with no specific molecular profile (NSMP
EC) [7–9].

To better reflect the heterogeneity of EC, the updated FIGO staging of EC offers
various histological types and clinical staging with molecular classification in the early
stages [10]. This development has resulted in an approach change from a morphology-based
classification to an integrated model built around molecular and histological features [11].
Adding a molecular subtype to the staging criteria allows for better prognosis prediction.
Performing molecular classification based on the assessment of POLEmut, MMRd, NSMP,
and p53abn mutations is now recommended in all cases of EC for prognostic risk-group
stratification and as factors that might influence adjuvant and systemic treatment decisions.

The purpose of the study was to determine the prognostic value of molecular classifi-
cation and traditional pathological factors in a sample group of patients with stage I EC
according to the FIGO 2023 criteria, to achieve more personalized approach to patient care
and treatment.

2. Materials and Methods
2.1. Patients and Clinical Samples

This study encompassed 167 patients diagnosed with FIGO stage I EC, as classified
by the 1988 FIGO guidelines which were revised in 2009. These individuals were re-
cruited from 2006 to 2018 and participated in the research conducted at the Department
of Gynecology and Obstetrics, Jan Sniadecki Hospital, part of the Independent Public
Healthcare Facility Regional Complex in Bialystok, Poland. The study’s protocol received
Bioethics Committee approval number R-I-003/177/2004 in Poland at the Medical Univer-
sity of Bialystok.

Patient inclusion involved obtaining informed consent after briefing them about the
study’s objectives. Surgical treatment, conforming to FIGO standards, was administered
to all participants. This involved a hysterectomy with bilateral salpingo-oophorectomy
for G1/G2 cases and an additional pelvic and para-aortic lymphadenectomy for G3 cases.
Preoperative evaluations included standard blood tests, chest radiography, and abdominal
ultrasounds encompassing the pelvic region. Advanced imaging techniques like MRI, CT,
and PET-CT scans were also employed in certain cases. It is noteworthy that none of the
patients received postoperative treatment.

Histopathological assessments adhered to the guidelines and classification system of
the World Health Organization (WHO). For accurate clinical staging and comprehensive
evaluation, representative tissue samples were procured. These samples underwent hema-
toxylin and eosin (H&E) staining. Following the staining procedure, the tissue samples
were subject to detailed examination under a light microscope. This meticulous microscopic
analysis was instrumental in accurately assessing several crucial pathological parameters.
These parameters included the extent of myometrial infiltration by the tumor cells, the
specific histopathological classification of the tumor, encompassing both its type and his-
tological grade, and the evaluation of LVSI. This comprehensive microscopic scrutiny
was pivotal in providing a thorough understanding of the tumor’s characteristics and its
potential behavior. All morphological assessments were performed by two independent
pathologists blinded to the outcomes of each case. LVSI was defined in accordance with the
3-tiered system at the tumor invasive front (none LVSI or focal—a single focus of LVSI was
recognized around a tumor) [12,13]. No cancer cells were found in the lymph nodes of the
patients in the study group.

The classification and tumor staging follow the 2023 FIGO staging standard. Patients
were followed up every three months for the first two years, every six months for the
next three years, and finally, once a year. After the completion of initial treatment, tu-
mor recurrence was confirmed through physical and ultrasound examination or imaging
examination (MRI, CT, PET-CT).
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2.2. Molecular Profiling
2.2.1. DNA Extraction

Tissue samples for molecular analyses were collected intraoperatively. Following
surgical removal, all samples were processed immediately. Then, after macroscopic visual
assessment, small pieces (about 0.2–0.5 cm3) of tumor tissue were immediately frozen in
liquid nitrogen and finally stored in freezers at −80 ◦C. Prior to nucleic acid extraction,
cryo-sections of frozen tissue specimens were treated with H&E to stain them and were
evaluated by experienced pathologists to confirm tumor cell content suitability. Following
microscopic examination, only tumor samples containing at least 50% tumor cells were
chosen for further processing. Other sections of the tumor were examined to select a
suitable specimen when there was insufficient tissue or the presence of necrotic areas.

In the process of extracting DNA from tissue specimens, we employed an automated
technique utilizing magnetic DNA extraction. This method involved the initial lysis of
approximately 40–50 milligrams of tissue using a lysis buffer provided by Biomerieux,
based in Lyon, France. The lysis was facilitated using a Tissue Ruptor from Qiagen, Hilden,
Germany. Following lysis, the samples were subjected to a two-hour incubation at a
temperature of 56 ◦C with the addition of Proteinase K, an enzyme crucial for the digestion
of proteins. Subsequent to the digestion and deproteinization of the lysates, the nucleic
acids were efficiently isolated using the EasyMag system, also from Biomerieux, Lyon,
France. This isolation was achieved through the incorporation of magnetic beads, adhering
to the protocol as outlined by the manufacturer. This methodology ensured a precise and
efficient retrieval of the DNA from the tissue samples.

2.2.2. POLE Gene Mutation Analysis

POLE gene exons 9–14 were amplified using the standard polymerase chain reaction
(PCR) and the resulting PCR products were directly sequenced for analysis. In summary,
specific exons of the gene were amplified using a PCR reaction with an appropriate for-
ward (F) and reverse (R) primer pair. The sequences of the primers used in the assay
were designated with Primer3Plus (https://www.primer3plus.com (accessed on 1 January
2019)) software based on the standardized genetic sequence that represents the POLE gene
(LRG_789, NG_033840.1). The list of primer sequences is presented in Supplementary
Table S1. The PCR reaction was carried out using 20 µL of reaction mixture containing
1 × PCR buffer with 1.5 mM MgCl2 (final concentration), 0.8 µL of 0.2 mM Deoxynucleotide
Triphosphates (dNTPs) solution, 1 µL of both forward and reverse primer 10 µM solutions,
0.1 µL of Taq DNA polymerase, and 20–50 ng of isolated DNA (all the reagents from EURx
Ltd., Gdansk, Poland). The PCR conditions were as follows: 5 min denaturation at 94 ◦C
and then 40 cycles at 94 ◦C for 1 min, 57 ◦C for 1 min, and 72 ◦C for 1 min, with an extension
at 72 ◦C for 5 min.

The agarose gel electrophoresis was used to verify and separate the PCR products,
which were then extracted from the agarose slides using a “PCR clean-up Gel extraction kit”
(Macherey-Nagel, Duren, Germany). To perform the extraction automatically, the QIAcube
machine was used (Qiagen, Hilden, Germany), following the manufacturer’s instructions.

Direct sequencing of the clean PCR products was performed bi-directionally using an
automated DNA sequencer 3500 Genetic Analyzer (Applied Biosystems, Foster City, CA,
USA) and the BigDye Terminator v. 3.1 cycle sequencing kit (Applied Biosystems). Nu-
cleotide sequences were compared with human POLE gene reference sequence NG_033840.1
(Locus Reference Genomic Sequences Database, LRG_789) using Nucleotide BLAST soft-
ware 2.13 (https://blast.ncbi.nlm.nih.gov/Blast.cgi (performed online)). All POLE muta-
tions were sequenced twice at the minimum.

2.3. Immunohistochemistry
2.3.1. Evaluation of p53 Protein Expression and Immunohistochemistry

Two pathologists selected one representative formalin-fixed paraffin-embedded (FFPE)
tumor block for every single instance. Each of the 10% FFPE tumor samples was cut into

https://www.primer3plus.com
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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four-micrometer-thick sections and stained for immunoreactivity to a monoclonal antibody
(Monoclonal Mouse Anti-Human p53 Protein Clone DO-7; Agilent Dako, Denmark) [14].

The WHO Classification of Tumors 2020 edition defines abnormal p53 (mutation-type)
staining as either strong nuclear expression in tumor cells (>80%), a total lack of protein
expression in tumor cells alongside internal control, or, in rare cases, definitive cytoplasmic
expression [7,15]. For p53 IHC interpretation, a three-tier system with overexpression
and a complete absence of immunoexpression was used. Positive internal controls with
non-neoplastic cell staining, such as lymphocytes, fibrocytes, or endothelial cells, were used.
Overexpression and complete absence of p53 IHC were interpreted as abnormal/aberrant/
mutation-type. A case was classified as p53abn if it had a p53 mutation as determined
by IHC (0 or 2+). In contrast to the normal/wild-type pattern, the case was classified as
NSMP/p53wt due to p53 expression levels (IHC +1) in between these extremes.

2.3.2. Immunohistochemical Assessment and Evaluation of MMR Protein Expression

Staining for MMR proteins was performed on all specimens. It was used to stain
the 10% FFPE four-micrometer-thick sections according to the manufacturer’s instructions
(Agilent Dako, Glostrup, Denmark). Monoclonal antibodies specific to the mismatch repair
genes were employed, including Mouse Monoclonal Anti-Human MutL Protein Homolog
1 (MLH1, Clone ES05), Mouse Monoclonal Anti-Human MutS Protein Homolog 2 (MSH2,
Clone FE11), Rabbit Monoclonal Anti-Human MutS Protein Homolog 6 (MSH6, Clone
EP49), and Rabbit Monoclonal Anti-Human Postmeiotic Segregation Increased 2 (PMS2,
Clone EP51). All four proteins were detected in the nucleus. When nuclear staining of
any of the four proteins was missing, or MLH1/PMS2 or MSH2/MSH6 were negative,
mismatch repair deficiency (MMRd) was suspected. Endometrial cancer that lacked a
pathogenic POLE variant but retained MMR protein expression and wild-type p53 IHC
was classified as a “no specific molecular profile” (NSMP) variant. Upon observation of a
complete loss of nuclear expression of certain MMR proteins (MLH1, MSH2, MSH6, PMS2)
in carcinoma cells using IHC, the proteins are considered deficient or absent. Atypical
p53 protein expression in carcinoma cells was identified as either intense and widespread
nuclear staining or a total absence of staining, termed “null.” Meanwhile, faint and uneven
staining was categorized as indicative of wild-type expression. For both MMR and p53
staining, stromal and inflammatory cells served as internal controls. When applicable,
samples with few carcinoma cells or completely negative staining of the internal controls
were discarded.

2.4. Statistical Analysis

The reverse Kaplan-Meier method helped to calculate the median follow-up time. The
recurrence rate was calculated by excluding patients who died from causes other than EC
between the date of surgery and the date of the first relapse. The period of time between
the surgery date and the death from any cause was referred to as overall survival (OS). The
amount of time after treatment that no sign of cancer was found was referred to as disease-
free survival (DFS) time. Analyses took place successively until December 2022. To compare
patient clinicopathological characteristics across molecular subgroups, we used the Chi-
Square Test of Independence. To compare an ordered categorical variable and non-normally
distributed continuous variables, we used the Mann-Whitney U test. The log-rank test was
used to compare recurrence, OS, and DFS between groups. Multivariate regression analyses
with prespecified covariates were performed, including age (<60 years vs. 60 years or older),
stage (IA vs. IB and IA vs. IC), histological subtype (endometrioid endometrial cancer; EEC
G1/G2 vs. ECC G3, Serous, CCC), LVSI (none vs. focal), myometrial invasion (<50% vs.
≥50%), and molecular subgroups (POLEmut vs. p53abn, POLEmut vs. MMRd, POLEmut
vs. NSMP). Finally, the multivariable Cox regression models included the propensity
score as a covariate. A p-value of less than 0.05 on both sides was considered statistically
significant. Statistica 13.3PL (StatSoft, Kraków, Poland) was used for statistical analysis.



Cancers 2024, 16, 390 6 of 15

3. Results

During the study, 167 samples of the EC were collected from patients with stage I
disease. Molecular testing was accurate for 139 patients. The EC in these patients was
classified into one of the following molecular subgroups: 47 p53abn (33.8%), 29 MMRd
(20.9%), 35 POLEmut EC (25.2%), and 28 NSMP EC (20.1%). 28 patients were not classified
due to the lack of results: sequencing for the POLE gene (6 patients) and lack of IHC results
for mismatch repair (MMR) proteins (22 patients) (Figure 1).
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Figure 1. Examples of p53, MLH1, MSH2, MSH6, and PMS2 IHC in EC. (A) Negative p53 staining and
(B) positive of p53 staining in tumor glands (mutant overexpression). (C) Negative MLH1 staining
and (D) positive of MLH1 staining in tumor glands. (E) Negative MLH2 staining and (F) positive of
MLH2 staining in tumor glands. (G) Negative MSH6 staining and (H) positive of MSH6 staining
in tumor glands. (I) Absence PMS2 staining and (J) positive of PMS2 staining in tumor glands. All
original images are captured at a magnification of 200×.

Table 1 displays the clinicopathological characteristics of the 139 patients who were
included in our study. The current study encompassed patients distributed across various
clinical stages: two in stage IA1, characterized by non-aggressive histological types either
restricted to an endometrial polyp or confined solely to the endometrium; five in stage IA2,
marked by non-aggressive histological types affecting less than half of the myometrium
and exhibiting none or focal LVSI; and two patients categorized under stage IA3, featuring
low-grade endometrioid carcinomas confined to the uterus. The remaining patients were
diagnosed with stage IB (n = 58) and IC (n = 72) stages.

Table 1. Clinicopathologic characteristics according to the four molecular subgroups in stage I EC.

Total p53abn MMRd POLEmut NSMP

n = 139
(100%)

n = 47
(33.8%)

n = 29
(20.9%)

n = 35
(25.2%)

n = 28
(20.1%)

Age, years

<60 58 (41.7) 5 (10.6) 10 (34.5) 24 (68.6) 19 (67.9)

≥60 81 (58.3) 42 (89.4) 19 (65.5) 11 (31.4) 9 (32.1)

FIGO

IA 9 (6.5) 0 (0) 0 (0) 9 (25.7) 0 (0)

IB 58 (41.7) 1 (2.1) 15 (51.7) 26 (74.3) 16 (57.1)

IC 72 (51.8) 46 (97.9) 14 (48.3) 0 (0) 12 (42.9)

Histological subtype

EEC G1/G2 67 (48.2) 0 (0) 19 (65.5) 34 (97.1) 14 (50.0)

EEC G3 40 (28.8) 23 (48.9) 7 (24.1) 1 (2.9) 9 (32.1)

Serous 24 (17.4) 18 (38.3) 2 (6.9) 0 (0) 4 (14.3)

CCC 8 (5.6) 6 (12.8) 1 (3.5) 0 (0) 1 (3.6)

Myometrial invasion

<50% 81 46 (97.9) 9 (31.0) 16 (45.7) 10 (35.7)

≥50% 58 1 (2.1) 20 (69.0) 19 (54.3) 18 (64.3)

LVSI

None 112 (80.6) 42 (89.4) 21 (72.4) 33 (94.3) 16 (57.1)

Focal 27 (19.4) 5 (10.6) 8 (27.6) 2 (5.7) 12 (42.9)
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Disease recurrence occurred in 12 (8.6%) of the 139 patients. The median follow-up
time at the time of data cut-off (1 June 2023) was 53.41 months (range: 26.24–76.58 months).
The median time between surgery and recurrence was 19.30 months. Recurrences of the
disease occurred in 12 (8.6%) women only in the clinical stage IC according to the 2023 FIGO
staging system with aggressive forms of EC (EEC G3, Serous, and CCC) (Figure 2A,C). In
47 patients with stage I EC, according to the 2023 FIGO staging system with abnormal p53
IHC expression (p53abn), recurrence was demonstrated in 9 patients (19.1%) (Figure 2E).

Based on the univariate logistic regression model of the patients’ clinical and patho-
logical risk factors, there are three factors related to cancer recurrence. The independent
risk factors are: stage IC (HR = 1.86, 95% CI 1.45–8.18, p < 0.001), aggressive histological
types EC (HR = 5.08, 95% CI 1.79–7.03, p < 0.001), and the presence of p53abn protein
immunoexpression (HR = 4.48, 95% CI 1.26–6.68, p = 0.009).

In the multivariate analysis, the aforementioned three factors were also associated
with recurrence. The independent risk factors are stage IC (HR = 3.01, 95% CI 1.97–6.94,
p < 0.001), aggressive histological types EC (HR = 2.86, 95% CI 1.73–5.25, p < 0.001), and
the presence of p53abn protein immunoexpression (HR = 3.49, 95% CI 1.11–6.34, p = 0.011)
(Table 2).

Table 2. Cox proportional hazard model Univariate and multivariate analyses for disease-free
survival (DFS).

Univariate Analysis Multivariate Analysis

HR 95% CI p HR 95% CI p

Age, years

<60 1 - - -

≥60 1.31 0.73–2.51 0.171 - - -

FIGO

IA 1 1

IB 1.03 0.64–2.11 0.245 - - -

IC 3.86 1.45–8.18 <0.001 3.01 1.97–6.94 <0.001

Histological subtype

EEC G1/G2 1 1

ECC G3, Serous, CCC 5.08 1.79–7.03 <0.001 2.86 1.73–5.25 <0.001

Myometrial invasion

<50% 1 - - -

≥50% 1.57 0.89–2.47 0.158 - - -

LVSI

None 1 1

Focal 1.44 0.54–2.03 0.161 1.16 1.06–1.99 0.302

Molecular subgroups

POLEmut 1 - - -

NSMP 0.84 0.32–1.34 0.765 - - -

MMRd 0.94 0.52–1.91 0.764 - - -

p53abn 4.48 1.26–6.68 0.009 3.49 1.11–6.34 0.011

During the 60-month follow-up period, 23 patients died. Table 3 summarizes the
univariate and multivariate Cox proportional hazards models for OS. For OS, stage IC,
aggressive histological types EC, and the presence of p53abn protein immunoexpression
were all significantly associated with lower 5-year OS rates (Figure 2B,D,F).
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Table 3. Cox proportional hazard model Univariate and multivariate analyses for overall sur-
vival (OS).

Univariate Analysis Multivariate
Analysis

HR 95% CI p HR 95% CI p

Age, years

<60 1 - - -

≥60 1.12 0.65–2.04 0.167 - - -

FIGO

IA 1 1

IB 1.02 0.61–1.98 0.177 - - -

IC 3.66 1.29–6.98 0.018 2.99 1.16–5.24 0.021

Histological subtype

EEC G1/G2 1 1

ECC G3, Serous, CCC 4.78 1.46–6.82 0.025 2.64 1.63–5.11 0.027

Myometrial invasion

<50% 1 - - -

≥50% 1.31 0.71–2.31 0.235 - - -

LVSI

Absent 1 1

Focal 2.21 1.64–3.11 0.062 2.04 1.24–3.06 0.073

Molecular subgroups

POLEmut 1 - - -

NSMP 0.78 0.30–1.27 0.365 - - -

MMRd 0.84 0.48–1.78 0.524 - - -

p53abn 4.24 1.15–6.44 0.010 3.15 1.02–5.94 0.021

Based on the univariate analysis, the independent prognostic factors for OS are: stage
IC (HR = 3.66, 95% CI 1.29–6.98, p = 0.018), aggressive histological types EC (HR = 4.78,
95% CI 1.46–6.82, p = 0.025) and the presence of p53abn protein immunoexpression
(HR = 4.24 95% CI 1.15–6.44, p = 0.010).
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Figure 2. The Kaplan-Meier survival analysis (A) DFS and (B) OS for FIGO stage IA and IC patients
(red and blue lines), (C) DFS and (D) OS for patients with aggressive histological EC types G3, Serous,
CCC vs. G1/G2 (red and blue lines), (E) DFS and (F) OS for patients with p53abn vs. POLEmut (red
and blue lines).

Similarly, the three factors mentioned above were also associated with OS in the multi-
variate analysis: stage IC (HR = 2.99, 95% CI 1.16–5.24, p = 0.021), aggressive histological
types EC (HR = 2.64, 95% CI 1.63–5.11, p = 0.027), and the presence of p53abn protein
immunoexpression (HR = 3.15, 95% CI 1.02–5.94, p = 0.021) (Table 3).

4. Discussion

In early clinical stages, EC is a heterogeneous group that varies in the risk of recurrence
and mortality, depending on clinical and pathological risk factors such as age, FIGO stage,
myometrial infiltration depth, degree of histological differentiation, LVSI, and histological
type of cancer [16,17]. Because of the wide range of risk levels, the potential benefit of
adjuvant therapy for each patient is also variable [2]. This awareness emphasizes the im-
portance of individualizing treatment as much as possible, considering adjuvant therapy’s
side effects. The risk of over- or under-treatment of some patients is still being debated.
Limited data is available to assist decision-making about the extent of treatment [16,18,19].
There is also no consensus on the best method of adjuvant treatment for patients with
early-stage non-endometrioid endometrial cancers, despite the literature indicating a high
risk of disease recurrence at stage IA (FIGO 2009) [17,20].

In the 2023 FIGO staging system for EC, the IC stage is designated for aggressive
histological types that are either contained within a polyp or restricted to the endometrium.
This stage encompasses several varieties, including grade 3 endometrioid endometrial
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carcinoma (EEC G3), serous carcinoma (SC), clear cell carcinoma (CCC), mixed carcinoma
(MC), uterine carcinosarcoma (UC), and carcinosarcoma (CS), as well as other less common
types like mesonephric-like carcinomas and gastrointestinal mucinous type carcinomas [5].

It Is well understood that the histological picture does not always predict tumor
behavior and the histological phenotype does not always correlate with genotype. Kandoth
et al. discovered that 5% of G1/G2 EECs and 25% of G3 EECs had mutations similar to
serous carcinomas (SC) and that they may behave more aggressively [11]. The risk of
recurrence of non-endometrioid carcinomas in stage I, according to FIGO, indicated in
various studies, ranges from 0 to 70%, with most authors stating that the risk in stage IA
ranges from 10% to 25% [21–23].

EC confined to a polyp is a clinical course that offers particular difficulty given the
rarity of disease and limited available published data. Given the limited extent of disease
but the aggressive biologic behavior of low-grade ECC, SC, and CCC it is unclear whether
adjuvant therapy is warranted. Recurrences have been reported even in a small number
(9%) of patients, with disease confined only to a polyp and in 30% of patients with EC
confined only to the endometrium [24–26]. Among histologically aggressive forms of EC,
SC type accounts for less than 10% but is responsible for nearly 50% of recurrences and
deaths [27]. The overall estimated 5-year overall survival rate for women diagnosed with
SC is 55% [28].

The comprehensive surgical evaluation of SC staging is critical, as 37–39.4% of patients
without myometrial invasion were found to have metastases [29,30]. Donkers et al. [31]
analyzed the cases of 272 women with SC, among whom 44% were clinically stage I
according to 2009 FIGO staging system. Overall, 48% of the subjects had a recurrence of
the disease, with the majority (58%) having distant metastasis. Moreover, even in stage IA
patients, a high recurrence rate (42%) was observed.

Difficulties in clinical decision-making apply to patients with SC detected in preop-
erative biopsy, with disease confined to a polyp or the endometrium confirmed by tissue
examination after hysterectomy. Hui et al. [32] observed no recurrences of disease in
patients with disease confined to a polyp during a 26-month follow-up period. On the
contrary, other authors analyzing histologically aggressive forms located in a polyp or
the endometrium observed recurrences of the disease [26,33–35]. In our study, disease
recurrence occurred in 12 (8.6%) of 139 patients with EC in the IC stage according to the
2023 FIGO staging system, with aggressive forms of EC (EEC G3, serous, and CCC).

The landmark Cancer Genome Atlas study performed an integrated analysis of the
genome, transcriptome, and proteome of 373 EC samples and identified 4 molecular
subtypes that naturally clustered into 4 profiling patterns differentiated by patient sur-
vival [11]. The FIGO guidelines (2023 edition) recommend incorporating molecular sub-
type (POLEmut, MMRd, NSMP, p53abn) into clinical staging criteria in all EC cases in
order to stratify risk groups as potential factors influencing decisions on adjuvant or
systemic treatment.

An endometrial biopsy can be used to determine the molecular subtype. EEC with high
malignancy (G3) is a heterogeneous disease in terms of prognostic, clinical, and molecular
factors. This is the type of cancer that benefits most from using molecular classification
to improve prognosis and treatment decisions [36]. Without molecular classification, EEC
with high malignancy cannot be adequately assigned to a risk group, and, therefore,
molecular profiling is especially recommended for these patients. For practical reasons,
EECs with high malignancy are grouped with aggressive histological types in the current
FIGO classification to avoid inadequate treatment coverage (if molecular classification is
unknown) [5].

The WHO has officially recognized a definitive molecular categorization for EC, which
distinctly classifies p53-abnormal (p53abn) EC as a subgroup. This classification is clinically
relevant, as it denotes the subgroup with the most adverse prognosis. Moreover, patients
within this category are often identified as the most suitable candidates for receiving
combined adjuvant chemotherapy and radiation therapy, given their prognostic profile.
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Endometrial cancers with mutations in the P53 gene are overwhelmingly classified as
high-risk cancers based on traditional histopathological evaluation [37]. However, in
some patients with tumors classified as low/intermediate risk based on histopathological
examination, the diagnosis of a P53 mutation will result in a change in the classification
and the emergence of indications for adjuvant therapy [4].

In a study conducted by Talhouk et al. [38], tumors with abnormal p53 protein were
G3 tumors in 96% of cases, non-endometrial tumors in 80.2% of cases, LVSI infiltration
was found in 61% of cases, and had a high rate of lymph node metastasis. According to
Jamieson et al. [39], lymph node metastases were observed in 45% of cancers with the P53
mutation. Iwai et al. [40] claim that p53 abnormalities may not be detected in preoperative
samples because preoperative biopsies performed in their study did not show abnormal
p53 IHC staining; however, they demonstrated p53 overexpression in 56% of cancers in
hysterectomy specimens. In our study, among patients with EC at clinical stage I according
to the 2023 FIGO staging system, IHC p53abn was found in 33.8% (47), IHC MMRd in
20.9% (29), POLE gene mutations—POLEmut in 25.2% (35) and IHC NSMP in 20.1% (28) of
patients. Among 47 patients with EC stage I, according to the 2023 FIGO staging system
with abnormal p53abn IHC (p53abn), recurrence occurred in 9 (19.1%) patients.

In their study, Ouyang et al. [41] conducted an in-depth analysis of the clinicopatho-
logical characteristics of patients diagnosed with stage 1A uterine serous carcinoma (USC),
focusing on cases both with and without the involvement of polyps. Additionally, they
evaluated the impact of factors such as the size of the polyp and the presence of LVSI
on these patients. Their findings assert that, for patients classified under stage 1, there is
no significant variation in overall survival rates, irrespective of whether they underwent
active treatment or were under observation. This observation holds across the spectrum
of clinical interventions and surveillance strategies applied to this patient group. On the
other hand, Assem et al. [42] show a trend of significance for worse OS in non-polyp serous
EC-confined patients. Barlin et al. [43] showed that grade, EC histological subtype, and
staging according to the 1988 and 2009 FIGO staging classification were all significantly
associated with OS. The 5-year OS rates for the 1988 staging system were as follows in their
study: IA, 95.4%; IB, 88.4%; and IC, 81.1% (p < 0.001). The 5-year OS rates for the 2009
staging system were IA, 91.5%; and IB, 81.1% (p < 0.001). In our research studies, patients
with clinical stage IA, according to the 2023 FIGO staging system, had a 5-year survival
rate of 93.4%, while patients with IC had a 5-year survival rate of 77.1% (p = 0.018). It was
also demonstrated that histological type also affected OS.

5. Conclusions

The findings from our research investigations corroborate the premise that within the
clinical stage I endometrial cancer (EC), as per the recently updated 2023 FIGO classification,
distinct prognostic outcomes are inherently tied to specific molecular subtypes. Notably,
cases exhibiting POLE mutations (POLEmut) demonstrate the most favorable prognostic
outcomes. Conversely, cases characterized by p53 abnormalities (p53abn) are associated
with the least favorable prognoses. This delineation extends beyond the conventional
clinicopathological evaluations previously employed. The introduction of the novel EC
staging system by FIGO marks a significant advancement in our capability to accurately
assess and categorize risks specifically for IC stage EC, enhancing the precision of prognostic
stratification and potentially guiding more tailored therapeutic approaches.
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//www.mdpi.com/article/10.3390/cancers16020390/s1, Table S1: Primer nucleotide sequences used
to amplify POLE exons 9–14.

Author Contributions: Conceptualization, B.D. and S.J.T.; methodology, O.K., M.K. and J.N.; soft-
ware, B.D., K.M.T. and S.J.T.; validation, B.D., O.K. and J.N.; formal analysis, B.D., K.M.T. and S.J.T.;
investigation, B.D., K.M.T. and O.K.; resources, M.K.; data curation, B.D., K.M.T. and S.J.T.; writing—
original draft preparation, B.D., K.M.T. and S.J.T.; writing—review and editing, B.D., K.M.T., O.K.

https://www.mdpi.com/article/10.3390/cancers16020390/s1
https://www.mdpi.com/article/10.3390/cancers16020390/s1


Cancers 2024, 16, 390 13 of 15

and J.N.; visualization, K.M.T.; supervision, S.J.T.; project administration, B.D.; funding acquisition,
B.D. and S.J.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Medical University of Bialystok grant N/ST/ZB/15/
003/3313.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Bioethics Committee at the Medical University of Bialystok, Poland
of 1 April 2004 (R-I-003/177/2004).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data are available on requested.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Crosbie, E.J.; Kitson, S.J.; McAlpine, J.N.; Mukhopadhyay, A.; Powell, M.E.; Singh, N. Endometrial cancer. Lancet 2022, 399,

1412–1428. [CrossRef]
3. Kasius, J.C.; Pijnenborg, J.M.A.; Lindemann, K.; Forsse, D.; van Zwol, J.; Kristensen, G.B.; Krakstad, C.; Werner, H.M.J.; Amant, F.

Risk stratification of endometrial cancer patients: FIGO stage, biomarkers and molecular classification. Cancers 2021, 13, 5848.
[CrossRef]

4. Restaino, S.; Paglietti, C.; Arcieri, M.; Biasioli, A.; Della Martina, M.; Mariuzzi, L.; Andreetta, C.; Titone, F.; Bogani, G.; Raimondo,
D.; et al. Management of patients diagnosed with endometrial cancer: Comparison of guidelines. Cancers 2023, 15, 1091.
[CrossRef] [PubMed]

5. Berek, J.S.; Matias-Guiu, X.; Creutzberg, C.; Fotopoulou, C.; Gaffney, D.; Kehoe, S.; Lindemann, K.; Mutch, D.; Concin, N.;
Endometrial Cancer Staging Subcommittee, FIGO Women’s Cancer Committee. FIGO staging of endometrial cancer: 2023. Int. J.
Gynaecol. Obstet. 2023, 162, 383–394. [CrossRef] [PubMed]

6. Ruscelli, M.; Maloberti, T.; Corradini, A.G.; Rosini, F.; Querzoli, G.; Grillini, M.; Altimari, A.; Gruppioni, E.; Sanza, V.; Costantino,
A.; et al. Prognostic impact of pathologic features in molecular subgroups of endometrial carcinoma. J. Pers. Med. 2023, 13, 723.
[CrossRef] [PubMed]

7. Singh, N.; Piskorz, A.M.; Bosse, T.; Jimenez-Linan, M.; Rous, B.; Brenton, J.D.; Gilks, C.B.; Köbel, M. p53 immunohistochemistry is
an accurate surrogate for TP53 mutational analysis in endometrial carcinoma biopsies. J. Pathol. 2020, 250, 336–345. [CrossRef]

8. Stelloo, E.; Nout, R.A.; Osse, E.M.; Jürgenliemk-Schulz, I.J.; Jobsen, J.J.; Lutgens, L.C.; van der Steen-Banasik, E.M.; Nijman, H.W.;
Putter, H.; Bosse, T.; et al. Improved risk assessment by integrating molecular and clinicopathological factors in early-stage
endometrial cancer-combined analysis of the PORTEC Cohorts. Clin. Cancer Res. 2016, 22, 4215–4224. [CrossRef]

9. Talhouk, A.; McConechy, M.K.; Leung, S.; Li-Chang, H.H.; Kwon, J.S.; Melnyk, N.; Yang, W.; Senz, J.; Boyd, N.; Karnezis, A.N.;
et al. A clinically applicable molecular-based classification for endometrial cancers. Br. J. Cancer 2015, 113, 299–310. [CrossRef]

10. Zheng, W. Molecular classification of endometrial cancer and the 2023 FIGO staging: Exploring the challenges and opportunities
for pathologists. Cancers 2023, 15, 4101. [CrossRef]

11. Cancer Genome Atlas Research Network; Kandoth, C.; Schultz, N.; Cherniack, A.D.; Akbani, R.; Liu, Y.; Shen, H.; Robertson,
A.G.; Pashtan, I.; Shen, R.; et al. Integrated genomic characterization of endometrial carcinoma. Nature 2013, 497, 67–73.

12. Bosse, T.; Peters, E.E.; Creutzberg, C.L.; Jürgenliemk-Schulz, I.M.; Jobsen, J.J.; Mens, J.W.; Lutgens, L.C.; van der Steen-Banasik,
E.M.; Smit, V.T.; Nout, R.A. Substantial lymph-vascular space invasion (LVSI) is a significant risk factor for recurrence in
endometrial cancer-A pooled analysis of PORTEC 1 and 2 trials. Eur. J. Cancer 2015, 51, 1742–1750. [CrossRef] [PubMed]

13. Peters, E.E.M.; Bartosch, C.; McCluggage, W.G.; Genestie, C.; Lax, S.F.; Nout, R.; Oosting, J.; Singh, N.; Smit, H.C.S.H.; Smit,
V.T.H.B.M.; et al. Reproducibility of lymphovascular space invasion (LVSI) assessment in endometrial cancer. Histopathology 2019,
75, 128–136. [CrossRef]

14. Dobrzycka, B.; Terlikowski, S.J.; Mazurek, A.; Kowalczuk, O.; Niklinska, W.; Chyczewski, L.; Kulikowski, M. Circulating free
DNA, p53 antibody and mutations of KRAS gene in endometrial cancer. Int. J. Cancer 2010, 127, 612–621. [CrossRef]

15. WHO Classification of Tumours Editorial Board. Female Genital Tumours, WHO Classification of Tumours, 5th ed.; IARC Press: Lyon,
France, 2020; Volume 4.

16. Randall, M. Management of high-risk endometrial cancer: Are we there yet? Lancet Oncol. 2019, 20, 1192–1193. [CrossRef]
[PubMed]

17. Eifel, P.J. High intermediate risk endometrial cancer. What is it? Int. J. Gynecol. Cancer 2019, 29, 1084–1085. [CrossRef]
18. Randall, M.E.; Filiaci, V.; McMeekin, D.S.; von Gruenigen, V.; Huang, H.; Yashar, C.M.; Mannel, R.S.; Kim, J.W.; Salani, R.;

DiSilvestro, P.A.; et al. Phase III trial: Adjuvant pelvic radiation therapy versus vaginal brachytherapy plus paclitaxel/carboplatin
in high-intermediate and high-risk early stage endometrial cancer. J. Clin. Oncol. 2019, 37, 1810–1818. [CrossRef] [PubMed]

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S0140-6736(22)00323-3
https://doi.org/10.3390/cancers13225848
https://doi.org/10.3390/cancers15041091
https://www.ncbi.nlm.nih.gov/pubmed/36831434
https://doi.org/10.1002/ijgo.14923
https://www.ncbi.nlm.nih.gov/pubmed/37337978
https://doi.org/10.3390/jpm13050723
https://www.ncbi.nlm.nih.gov/pubmed/37240893
https://doi.org/10.1002/path.5375
https://doi.org/10.1158/1078-0432.CCR-15-2878
https://doi.org/10.1038/bjc.2015.190
https://doi.org/10.3390/cancers15164101
https://doi.org/10.1016/j.ejca.2015.05.015
https://www.ncbi.nlm.nih.gov/pubmed/26049688
https://doi.org/10.1111/his.13871
https://doi.org/10.1002/ijc.25077
https://doi.org/10.1016/S1470-2045(19)30416-4
https://www.ncbi.nlm.nih.gov/pubmed/31345628
https://doi.org/10.1136/ijgc-2019-000776
https://doi.org/10.1200/JCO.18.01575
https://www.ncbi.nlm.nih.gov/pubmed/30995174


Cancers 2024, 16, 390 14 of 15

19. de Boer, S.M.; Powell, M.E.; Mileshkin, L.; Katsaros, D.; Bessette, P.; Haie-Meder, C.; Ottevanger, P.B.; Ledermann, J.A.; Khaw, P.;
D’Amico, R.; et al. PORTEC Study Group. Adjuvant chemoradiotherapy versus radiotherapy alone in women with high-risk
endometrial cancer (PORTEC-3): Recurrence patterns and post-hoc survival analysis of a randomized phase 3 trial. Lancet Oncol.
2019, 20, 1273–1285. [CrossRef]

20. Lin, Y.; Zhou, J.; Cheng, Y.; Zhao, L.; Yang, Y.; Wang, J. Comparison of survival benefits of combined chemotherapy and
radiotherapy versus chemotherapy alone for uterine serous carcinoma: A meta-analysis. Int. J. Gynecol. Cancer 2017, 27, 93–101.
[CrossRef]

21. Fader, A.N.; Java, J.; Tenney, M.; Ricci, S.; Gunderson, C.C.; Temkin, S.M.; Spirtos, N.; Kushnir, C.L.; Pearl, M.L.; Zivanovic, O.;
et al. Impact of histology and surgical approach on survival among women with early-stage, high-grade uterine cancer: An NRG
Oncology/Gynecologic Oncology Group ancillary analysis. Gynecol. Oncol. 2016, 143, 460–465. [CrossRef]

22. Kelly, M.G.; O’Malley, D.M.; Hui, P.; McAlpine, J.; Yu, H.; Rutherford, T.J.; Azodi, M.; Schwartz, P.E. Improved survival in surgical
stage I patients with uterine papillary serous carcinoma (UPSC) treated with adjuvant platinum-based chemotherapy. Gynecol.
Oncol. 2005, 98, 353–359. [CrossRef] [PubMed]

23. Felix, A.S.; Stone, R.A.; Bowser, R.; Chivukula, M.; Edwards, R.P.; Weissfeld, J.L.; Linkov, F. Comparison of survival outcomes
between patients with malignant mixed Mullerian tumors and high-grade endometrioid, clear cell, and papillary serous
endometrial cancers. Int. J. Gynecol. Cancer 2011, 21, 877–884. [CrossRef]

24. Seward, S.; Ali-Fehmi, R.; Munkarah, A.R.; Semaan, A.; Al-Wahab, Z.R.; Elshaikh, M.A.; Cote, M.L.; Morris, R.T.; Bandyopadhyay,
S. Outcomes of patients with USC using the revised FIGO staging system. Int. J. Gynecol. Cancer 2012, 22, 452–456. [CrossRef]

25. Fader, A.N.; Boruta, D.; Olawaiye, A.B.; Gehrig, P.A. Uterine papillary serous carcinoma: Epidemiology, pathogenesis and
management. Curr. Opin. Obstet. Gynecol. 2010, 22, 21–29. [CrossRef] [PubMed]

26. Chang-Halpenny, C.N.; Natarajan, S.; Hwang-Graziano, J. Early stage papillary serous or clear cell carcinoma confined to or
involving an endometrial polyp: Outcomes with and without adjuvant therapy. Gynecol. Oncol. 2013, 131, 598–603. [CrossRef]
[PubMed]

27. Sagae, S.; Susumu, N.; Viswanathan, A.N.; Aoki, D.; Backes, F.J.; Provencher, D.M.; Vaughan, M.; Creutzberg, C.L.; Kurzeder,
C.; Kristensen, G.; et al. Gynecologic Cancer InterGroup (GCIG) consensus review for uterine serous carcinoma. Int. J. Gynecol.
Cancer 2014, 24 (Suppl. S3), S83–S89. [CrossRef]

28. Arden, J.D.; Marvin, K.; Ye, H.; Juratli, L.; Nandalur, S.R.; Al-Wahab, Z.; Field, J.; Gadzinski, J.; Rakowski, J.A.; Rosen, B.; et al.
Combined Adjuvant Chemotherapy and Radiation Therapy Improves Disease-Free Survival for Uterine Serous Cancer. Adv.
Radiat. Oncol. 2020, 5, 1232–1239. [CrossRef] [PubMed]

29. Slomovitz, B.M.; Burke, T.W.; Eifel, P.J.; Ramondetta, L.M.; Silva, E.G.; Jhingran, A.; Oh, J.C.; Atkinson, E.N.; Broaddus, R.R.;
Gershenson, D.M.; et al. Uterine papillary serous carcinoma (UPSC): A single institution review of 129 cases. Gynecol. Oncol.
2003, 91, 463–469. [CrossRef]

30. Boyraz, G.; Salman, M.C.; Basaran, D.; Ozgul, N.; Turan, T.; Turkmen, O.; Kimyon, G.C.; Ozkan, N.T.; Cagan, M.; Gungor, T.; et al.
Extrauterine spread, adjuvant treatment, and prognosis in noninvasive uterine papillary serous carcinoma of the endometrium:
A retrospective multicenter study. Int. J. Gynecol. Cancer 2017, 27, 102–108. [CrossRef]

31. Donkers, H.; Reijnen, C.; Galaal, K.; Lombaers, M.S.; Snijders, M.; Kraayenbrink, A.A.; Forrest, J.; Wilkinson, R.; Dubey, S.; Norris,
T.; et al. Defining the optimal treatment strategy in patients with uterine serous carcinoma. Clin. Oncol. R. Coll. Radiol. 2023, 35,
e199–e205. [CrossRef]

32. Hui, P.; Kelly, M.; O’Malley, D.M.; Tavassoli, F.; Schwartz, P.E. Minimal USC: A clinicopathological study of 40 cases. Mod. Pathol.
2005, 18, 75–82. [CrossRef]

33. Liang, L.W.; Perez, A.R.; Cangemi, N.A.; Zhou, Q.; Iasonos, A.; Abu-Rustum, N.; Alektiar, K.M.; Makker, V. An Assessment
of Prognostic Factors, Adjuvant Treatment, and Outcomes of Stage IA Polyp-Limited Versus Endometrium-Limited Type II
Endometrial Carcinoma. Int. J. Gynecol. Cancer 2016, 26, 497–504. [CrossRef] [PubMed]

34. Hanley, K.Z.; Fadare, O.; Fisher, K.E.; Atkins, K.A.; Mosunjac, M.B. Clinical significance of positive pelvic washings in uterine
papillary serous carcinoma confined to an endometrial polyp. Int. J. Gynecol. Pathol. 2016, 35, 249–255. [CrossRef] [PubMed]

35. Welp, A.; Temkin, S.; Sullivan, S. Distant recurrence in a patient with polyp-confined stage IA serous endometrial carcinoma
treated with adjuvant chemotherapy: A case report and review of literature. Gynecol. Oncol. Rep. 2020, 31, 100512. [CrossRef]
[PubMed]

36. Bosse, T.; Nout, R.A.; McAlpine, J.N.; McConechy, M.K.; Britton, H.; Hussein, Y.R.; Gonzalez, C.; Ganesan, R.; Steele, J.C.;
Harrison, B.T.; et al. Molecular classification of grade 3 endometrioid endometrial cancers identifies distinct prognostic subgroups.
Am. J. Surg. Pathol. 2018, 42, 561–568. [CrossRef]

37. Colombo, N.; Preti, E.; Landoni, F.; Carinelli, S.; Colombo, A.; Marini, C.; Sessa, C.; ESMO Guidelines Working Group. Endometrial
cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2013, 24 (Suppl. S6), vi33–vi38.
[CrossRef] [PubMed]

38. Talhouk, A.; McConechy, M.K.; Leung, S.; Yang, W.; Lum, A.; Senz, J.; Boyd, N.; Pike, J.; Anglesio, M.; Kwon, J.S.; et al.
Confirmation of ProMisE: A simple, genomics-based clinical classifier for endometrial cancer. Cancer 2017, 123, 802–813.
[CrossRef] [PubMed]

https://doi.org/10.1016/S1470-2045(19)30395-X
https://doi.org/10.1097/IGC.0000000000000856
https://doi.org/10.1016/j.ygyno.2016.10.016
https://doi.org/10.1016/j.ygyno.2005.06.012
https://www.ncbi.nlm.nih.gov/pubmed/16005947
https://doi.org/10.1097/IGC.0b013e31821a62dd
https://doi.org/10.1097/IGC.0b013e31823de6dd
https://doi.org/10.1097/GCO.0b013e328334d8a3
https://www.ncbi.nlm.nih.gov/pubmed/19952744
https://doi.org/10.1016/j.ygyno.2013.10.010
https://www.ncbi.nlm.nih.gov/pubmed/24135679
https://doi.org/10.1097/IGC.0000000000000264
https://doi.org/10.1016/j.adro.2020.08.013
https://www.ncbi.nlm.nih.gov/pubmed/33305084
https://doi.org/10.1016/j.ygyno.2003.08.018
https://doi.org/10.1097/IGC.0000000000000838
https://doi.org/10.1016/j.clon.2022.11.001
https://doi.org/10.1038/modpathol.3800271
https://doi.org/10.1097/IGC.0000000000000635
https://www.ncbi.nlm.nih.gov/pubmed/26825840
https://doi.org/10.1097/PGP.0000000000000235
https://www.ncbi.nlm.nih.gov/pubmed/26535985
https://doi.org/10.1016/j.gore.2019.100512
https://www.ncbi.nlm.nih.gov/pubmed/31890830
https://doi.org/10.1097/PAS.0000000000001020
https://doi.org/10.1093/annonc/mdt353
https://www.ncbi.nlm.nih.gov/pubmed/24078661
https://doi.org/10.1002/cncr.30496
https://www.ncbi.nlm.nih.gov/pubmed/28061006


Cancers 2024, 16, 390 15 of 15

39. Jamieson, A.; Thompson, E.F.; Huvila, J.; Leung, S.; Lum, A.; Morin, C.; Ennour-Idrissi, K.; Sebastianelli, A.; Renaud, M.C.;
Gregoire, J.; et al. Endometrial carcinoma molecular subtype correlates with the presence of lymph node metastases. Gynecol.
Oncol. 2022, 165, 376–384. [CrossRef]

40. Iwai, K.; Fukuda, K.; Hachisuga, T.; Mori, M.; Uchiyama, M.; Iwasaka, T.; Sugimori, H. Prognostic significance of progesterone
receptor immunohistochemistry for lymph node metastases in endometrial carcinoma. Gynecol. Oncol. 1999, 72, 351–359.
[CrossRef]

41. Ouyang, C.; Frimer, M.; Hou, L.Y.; Wang, Y.; Goldberg, G.L.; Hou, J.Y. Malignant endometrial polyps in uterine serous carcinoma:
The prognostic value of polyp size and lymphovascular invasion. Int. J. Gynecol. Cancer 2018, 28, 524–528. [CrossRef]

42. Assem, H.; Rottmann, D.; Finkelstein, A.; Wang, M.; Ratner, E.; Santin, A.D.; Buza, N.; Hui, P. Minimal uterine serous carcinoma
and endometrial polyp: A close clinicopathological relationship. Hum. Pathol. 2021, 118, 1–8. [CrossRef] [PubMed]

43. Barlin, J.N.; Soslow, R.A.; Lutz, M.; Zhou, Q.C.; St Clair, C.M.; Leitao, M.M., Jr.; Iasonos, A.; Hensley, M.L.; Barakat, R.R.;
Matias-Guiu, X.; et al. Redefining stage I endometrial cancer: Incorporating histology, a binary grading system, myometrial
invasion, and lymph node assessment. Int. J. Gynecol. Cancer 2013, 23, 1620–1628. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ygyno.2022.01.025
https://doi.org/10.1006/gyno.1998.5286
https://doi.org/10.1097/IGC.0000000000001213
https://doi.org/10.1016/j.humpath.2021.09.001
https://www.ncbi.nlm.nih.gov/pubmed/34508766
https://doi.org/10.1097/IGC.0b013e3182a5055e
https://www.ncbi.nlm.nih.gov/pubmed/24126219

	Introduction 
	Materials and Methods 
	Patients and Clinical Samples 
	Molecular Profiling 
	DNA Extraction 
	POLE Gene Mutation Analysis 

	Immunohistochemistry 
	Evaluation of p53 Protein Expression and Immunohistochemistry 
	Immunohistochemical Assessment and Evaluation of MMR Protein Expression 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

