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in context of molecular subtypes
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Summary: Endometrial cancer is the most common gynecological cancer and the second most prevalent female malignancy in the developed 
world. It is typically dia gnosed in postmenopausal women, presenting with the characteristic clinical symptom of uterine abnormal bleeding. 
In the past, only two histological types were considered. However, it has become increasingly evident that endometrial cancer is a clinically 
heterogeneous disease, and this heterogeneity is closely associated with the diversity of underlying molecular alterations. The Cancer Genome 
Atlas classification has significantly advanced the dia gnosis, risk stratification, and management of endometrial cancer by categorizing it into 
four molecular subgroups, each characterized by distinct mutational burdens and copy number alterations.
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Súhrn: Karcinóm endometria je najčastejším gynekologickým karcinómom a druhým najčastejším ženským zhubným nádorom v rozvinutom 
svete. Zvyčajne sa dia gnostikovaný u žien po menopauze s typickým klinickým obrazom abnormálneho krvácania z maternice. V minulosti sa na 
základe histologického hodnotenia zvažovali iba dva typy. Endometriálny karcinóm je však klinicky heterogénne ochorenie a je čoraz jasnejšie, 
že táto heterogenita môže byť hybnou silou pri určení rôznorodosti na základe molekulárnych zmien. The Cancer Genome Atlas klasifikačný 
systémy zlepšil dia gnostiku, stratifikáciu rizika a manažment endometriálneho karcinómu popisom štyroch molekulárnych podskupín s rôznou 
mutačnou záťažou a zmenami v počte kópií.

Kľúčové slová: endometriálny karcinóm – molekulárna klasifikácia – POLE mutácia – The Cancer Genome Atlas Research Network – hysterektó-
mia – cielená terapia – mismatch-repair – p53

Historically, EC was classified into 
two types primarily based on its asso-
ciation with estrogen stimulation [1,4]. 
However, this traditional classification 
now falls short in providing a compre-
hensive understanding of this complex 
disease. Recent molecular discoveries 
and novel histopathological parame-
ters have ushered in a  fresh perspec-
tive on risk stratification. The Cancer Ge-
nome Atlas Research Network (TCGA), 

cioeconomic, and racial factors  [1]. As 
projections anticipate a continued rise in 
EC incidence [2], the associated burden 
of this disease is poised to surge. This 
burden encompasses not only the sheer 
number of patients dia gnosed annually, 
but it also encompasses their age, risk 
profiles, and concurrent medical condi-
tions, all of which warrant significant at-
tention in the pursuit of optimal preven-
tion and therapeutic strategies [3].

Introduction
Endometrial cancer (EC) is a malignancy 
that originates in the epithelial lining of 
the uterus [1]. It stands as the most prev-
alent gynecological cancer and ranks as 
the second most common malignancy 
affecting women in the developed world. 
Notably, EC incidence has shown a rapid 
and consistent increase worldwide in re-
cent years [2], with disparities in its prev-
alence influenced by geographic, so-
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The American Cancer Society recom-
mends that all women over the age of 
65 be informed of the risks [12]. Nearly 
three-quarters of patients present with 
early-stage disease, with postmeno-
pausal bleeding being the dominant 
symptom [13].

Risk factors for EC include non-genetic 
factors such as increased age, lower par-
ity, tamoxifen use, metabolic syndrome, 
family history, and notably, genetic pre-
disposition  [1,2]. Over 50% of cases are 
associated with a higher body mass index 
(BMI), including obesity, while lower risk 
is linked to normal BMI, higher parity, and 
oral contraception use  [1]. The primary 
risk factors for EC development remain 
tied to excessive, unopposed exposure of 
the endometrium to estrogen [12]. Over 
90% of EC cases are sporadic, with 5–10% 
being hereditary, typically as part of the 

by the invasive and abnormal prolifer-
ation of the endometrial lining of the 
uterus [8]. EC holds a significant position 
in women's health due to its associated 
mortality  [7]. According to the GLOBO-
CAN database, in 2020, there were nearly 
half a million new cases detected and one 
hundred thousand deaths attributed to 
EC worldwide [9]. The 5-year survival rate 
in 2018 was estimated at 84% in the US 
Surveillance, Epidemiology, and End Re-
sults (SEER) database [4]. Data from the 
EUROCARE-5 study suggests a 5-year rel-
ative survival rate of approximately 76–
80% for European women [10].

Endometrial cancer predominantly af-
fects postmenopausal women, with the 
majority of cases occurring between 
the ages of 65 and 75. However, it's es-
timated that up to 14–25% of cases are 
dia gnosed before menopause  [1,9,11]. 

through its comprehensive analysis of 
tumors, has shed new light on the man-
agement of endometrial cancer [5]. The 
identification of four distinct molecular 
subgroups holds significant prognos-
tic value and offers a promising tool for 
guiding clinical decisions, particularly in 
the realm of adjuvant treatment [6].

In this review article, we aim to present 
an in-depth exploration of the evolving 
landscape of endometrial cancer classi-
fication and the therapeutic strategies, 
all within the context of these emerging 
molecular subtypes.

Endometrial cancer’s general 
characteristics
Endometrial cancer, also referred to as 
corpus uterine cancer, is a  malignancy 
that originates in the inner lining of the 
uterine body  [1,7]. It is characterized 

Tab. 1. Features of the four molecular subtypes. Adapted and modified from Alexa et al. [22].
Tab. 1. Vlastnosti štyroch molekulárnych podtypov. Upravené podľa Alexa et al. [22].
Subtype POLE mut MMRd/MIS p53 wt/NSMP p53abn

Top five 
recurrent gene 
mutations (%)

POLE (100%) PTEN (84%) PTEN (77%) TP53 (92%)

DMD (100%) PIK3CA (54%) PIK3CA (53%) PIK3CA (47%)

SMD1 (100%) PIK3R1 (42%) CTNNB1 (52%) FBXW7 (22%)

FAT4 (100%) RPL22 (37%) ARID1A (42%) PPP2R1A (22%)

PTEN (100%) ARID1A (37%) PIK3R1 (33%) PTEN (10%)

Associated 
histological 
feature

endometroid endometroid endometrioid serous

grade 3 grade 3 grade 1–2 grade 3

ambigious morphology LVSI substantial MELF type 
invasion squamous differentiation destructive invasion

broad front invasion ER/PR expression slit-like spaces

tumorinfiltrating/peritumoral Ly tumorinfiltrating Ly high cytonuclear atypia

giant tumoral cells lower uterine segment  
involment giant tumoral cells

Associated 
clinical feature

lower BMI higher BMI higher BMI lower BMI

early stage (IA/IB) Lynch syndrome advanced stage

early onset late onset

Prognosis 
in early stage excellent intermediate excellent/intermediate/

poor poor

Diagnostic test

sanger MSI assay p53-IHC

NGS MMR-IHC NGS

tumor mutation burden tumor mutation burden somatic copy-number 
aberrations

BMI – body mass index, IHC – immunohistochemistry, LVSI – lymphovascular space invasion, Ly – lymphocytes, MMR – mismatch repair,  
MSI – microsatellite instability, NGS – next generation sequencing
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8–24% of EC cases. This subgroup was 
initially defined by a  high number of 
somatic copy-number alterations and 
a low mutational yield [22]. The p53 cat-
egory is associated with older age and 
lower BMI, as well as more advanced 
stage and poorer prognosis, contribut-
ing to 50–70% of EC mortality [6]. p53-
-mutant ECs are typically high-grade and 
morphologically ambiguous [23]. Histo-
logically, the proportion of p53 abnor-
malities is high in serous EC (93%), car-
cinosarcoma (85%), clear cell EC (38%), 
and grade 3 endometrioid EC (22%). Re-
cent studies have consistently demon-
strated a poor prognosis associated with 
p53 mutations in EC [22,23].

Mismatch repair deficient (MMRd) 
Defective DNA mismatch repair (dMMR) 
leads to elevated tumor mutational bur-
den (TMB) and microsatellite instability 
(MSI) in multiple cancer types  [24]. The 
MMR-deficient molecular group repre-
sents 20–30% of EC cases [6,22]. Analysis 
of EC from the TCGA series revealed sig-
nificant variation in proportions of tumor-
infiltrating lymphocytes, CD8+, CD4+, NK 
cells, and immune checkpoint expression 
in MMR-deficient ECs [24]. MMR-deficient 
ECs show an intermediate prognosis and 
may benefit from immunotherapy  [23]. 
Studies have evaluated the efficacy of im-
munotherapy, with pembrolizumab and 
avelumab being preferred due to their 
favorable toxicity profiles [25–27]. NCCN 
guidelines recommend pembrolizumab 
and nivolumab for treating patients with 
advanced or recurrent microsatellite in-
stability-high/ mismatch repair-deficient 
EC  [28]. It is important to realize that 
mismatch repair-deficient cancers have 
varied responses to an immune-check-
-point blockade [29].

The "non-specific molecular 
profile" (NSMP) 
The category of EC that did not exhibit 
any of the previously described features 
was classified as "p53  wt" or "no spe-
cific molecular profile" (NSMP) [22]. The 

system was needed. Genomic analysis in 
2013  and subsequent studies employ-
ing immunohistochemistry have led to 
the current molecular classification of 
EC. Initially, TCGA divided serous and en-
dometrioid EC into four molecular sub-
groups based on mutational burden and 
copy number alterations. This approach 
resulted in molecular stratification of 
EC into four distinct molecular groups: 
MMR-deficient (MMR-d), p53  muta-
tion (p53mut)-type, POLE mutation 
(POLEmut)-type, and cases with no spe-
cific molecular profile (NSMP)  [9,16]. 
Next-generation sequencing (NGS) has 
become a standard procedure for cancer 
genomic analysis [13].

POLE ultramutated (POLE mut)
This subtype is characterized by ul-
tramutation caused by POLE muta-
tions  [15]. These mutations typically 
occur in the exonuclease domain of the 
POLE gene, which encodes DNA poly-
merase epsilon involved in DNA repli-
cation and repair  [6,17]. POLE encodes 
the catalytic subunit of DNA polymer-
ase, responsible for leading strand DNA 
replication  [18]. It recognizes and re-
moves mispaired nucleotides through 
its exonuclease activity, ensuring high fi-
delity DNA replication [19,20]. ECs har-
boring POLE exonuclease domain mu-
tations make up 5–15% of all EC cases 
and often affect young women with low 
BMI [21]. These tumors typically present 
at earlier stages and exhibit a high sur-
vival rate, around 96% at 5 years, despite 
their aggressive histological appearance 
(high-grade endometrioid histotype 
with intense tumor-infiltrating lympho-
cytes)  [21]. The potential relationship 
between POLE mutations and the prog-
nosis of endometrial cancer patients re-
mains unclear [17].

p53 mutation (p53 mut/ abn) 
The tumor suppressor gene TP53, which 
encodes the p53 protein, is one of the 
most common mutations in human tu-
mors. The p53  subgroup accounts for 

hereditary non-polyposis colorectal can-
cer syndrome or Lynch syndrome  [13]. 
Endometrial bio psy offers high sensitivity 
(90–100%) and specificity (98–100%) for 
detecting endometrial cancer and should 
be performed in primary care whenever 
possible [14].

Traditional classification 
system 
Endometrial carcinomas are classified 
according to the World Health Organi-
zation (WHO) classification system. They 
are divided into several subgroups, in-
cluding endometrioid (70%), serous, 
clear cell, mixed cell adenocarcinoma, 
and other relatively rare types such as 
mucinous adenocarcinoma, neuroen-
docrine tumors, dedifferentiated car-
cinoma, and undifferentiated carci-
noma [11]. This classification has been in 
use since 1983, proposed by Bokhman, 
and is based on histological characteris-
tics [11,13]. It relies on tumor morphol-
ogy and grade, determined by glandu-
lar architecture and nuclear grade. Type I 
comprises of low-grade cells, is more 
common, has a  favorable prognosis, 
and is estrogen-dependent, often con-
sisting of grade I  or grade II endome-
trioid adenocarcinomas histopatholog-
ically. Type II comprises of high-grade 
cells, is less common, and carries an un-
favorable prognosis, including grade III 
endometrioid adenocarcinomas, and 
serous, clear cell, and undifferentiated  
carcinosarcomas [4,9].

Advanced molecular 
classification system 
The WHO classification, while useful in 
determining surgical and adjuvant ther-
apy, has limitations due to a lack of re-
producibility and significant inter-ob-
server variability  [11,13]. Over the past 
decade, it has become evident that en-
dometrial cancers are a  diverse group 
of tumors, not only in terms of bio logy, 
histology, and clinical features, but also 
in terms of their genetic makeup  [15]. 
Therefore, a more specific classification 
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prehensive analysis of genetic material 
and uncovering critical genomic altera-
tions that play a pivotal role in the under-
standing and treatment of this disease.
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