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Abstract

Endometrial cancer (EC) is the most common gynecological tumor in developed countries. Nowadays,
molecular biomarkers have become increasingly important in the management of EC patients, helping
in early detection, risk stratification, prognosis and response to the treatment, and qualification for novel
immunotherapies, especially in EC patients with metastatic disease or recurrence. When EC tumor molecular
profiling is combined with the standard histopathological features such as clinical stage, histologic grading
and evaluation of lymphovascular space invasion, the final therapeutic outcome may bring benefits in terms
of personalized and efficient management.
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Background

Endometrial cancer (EC) is the most common gyneco-
logical tumor in developed countries, and the 4" most
frequent malignancy in women, with 61,800 estimated new
cases (7% incidence) and 12,160 deaths (4%) in the USA
in 2019.12 Undoubtedly, the EC incidence has been rising
together with the average age and obesity in these popula-
tions. This fact determines recent translational research
effort for defining EC risk groups more precisely, including
molecular characterization of tumor. Combining the stan-
dard approach, based mainly on histopathological features,
with new molecular technologies of EC profiling translates
this growing knowledge into novel diagnostic and thera-
peutic approach, resulting in well-tailored personalized
management of this cancer.®*

Endometrial cancer traditional
and novel classification systems

For many years, the Bokhman classification of 2 types
endometrial carcinomas based on clinical, endocrine and
epidemiological features has been used.® Type I tumors
comprise majority of the cases (60-70%), with mostly en-
dometrioid histology, estrogen-dependent — with high sex
hormones receptors expression and endometrial hyper-
plasia in the background, associated with obesity, diabe-
tes and reproductive dysfunctions, but on the other hand
with predominant low-grade tumor, superficial myome-
trial invasion, low risk for lymph nodes metastases, and
better prognosis in general. Type I tumors, usually serous
carcinomas, are less common, arise in a non-estrogenic
environment, and are associated with an atrophic endo-
metrium of older, postmenopausal and non-obese women
without reproductive and metabolic disturbances. Such
tumors mostly show high-grade differentiation with deep
myometrial invasion, increased risk for lymphogenic
spread and poor final outcome.®

Another traditional World Health Organization (WHO)
classification of endometrial neoplasms, based on histo-
logical features, distinguishes among epithelial carcinomas
endometrioid, serous, clear cell, mucinous, squamous cell,
transitional cell, small cell, and undifferentiated tumors.”
Most common endometrioid adenocarcinomas can be dif-
ferentiated into low-, intermediate- or high-grade tumors,
whilst serous and clear cell cancers are aggressive and
high-grade by definition.

The Bokhman and WHO classifications created the tem-
plate for an easy-to-use, dichotomous model, practical for
diagnostic, therapeutic and research approach. However,
the wide implementation of this traditional classification
is imperfect and sometimes misleading as biological, ge-
netic and pathological features of endometrial carcinoma
are complex and heterogeneous. There are not only over-
laps between type I and II tumors, but heterogeneity is also
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present within each of these types.® Furthermore, this du-
alistic model has been established almost 40 years ago
and epidemiological characteristics of women suffering
from EC has changed since that time due to widespread
obesity followed by diabetes, increased use of hormone-
replacement therapy, and many other multiple risk factors
shared in both types.® Most of high-grade endometrioid
carcinomas exhibit clinical, histopathological and molecu-
lar patterns placing them close to type II cancers, includ-
ing no association with endometrial hyperplasia and poor
outcome.®® By contrast, some serous carcinomas arise
in the background of endometrial hyperplasia, and about
20% of them lack deep myometrial infiltration.!° Besides,
the Bokhman model does not encompass such high-grade
tumors as carcinosarcomas and clear cell or undifferenti-
ated carcinomas, which are not so rare.®!! Likewise, endo-
metrial cancer cases with predominant genetic predisposi-
tion, like Lynch syndrome, not associated with obesity and
endometrial hyperplasia, have not been taken into account
in this traditional classification.!?

In recent years, next-generation sequencing (NGS) tech-
nology has changed the research approach from studying
single genes or pathways into the insight of genome-wide
genetic alterations in endometrial carcinomas.!® The Can-
cer Genome Atlas Research Network (TCGA) assessed
alarge group of common endometrial cancers (endometri-
oid, serous and mixed) with NGS tests of mutation load and
copy-number aberrations combined with microsatellite in-
stability, reverse-phase protein array and DNA methylation
analysis.!* The results allowed to categorize endometrial
tumors into 4 genomic clusters: 1) POLE tumors with very
high mutation rates (ultramutated) and hotspot mutations
in the exonuclease domain of polymerase € (POLE), few
copy-number aberrations, mutations in PTEN, PIK3R1,
PIK3CA, FBXW7, KRAS, and good prognosis; 2) a micro-
satellite-instable group (MSI; hypermutated) characterized
by microsatellite instability due to MLHI promoter meth-
ylation, high mutations rates, few copy-number aberra-
tions, and KRAS and PTEN mutations; 3) copy-number low
cluster compromising endometrioid microsatellite-stable
tumors grade 1 and 2, with low mutation rates but frequent
CTNNBI mutations; 4) copy-number high tumors (serous
and some grade 3 endometrioid adenocarcinomas), char-
acterized by extensive copy-number aberrations and low
mutation rates, frequent and recurrent TP53, FBXW7, and
PPP2RIA mutations, seldom PTEN and KRAS mutations,
and poor outcome.®* Only POLE hotspot mutations were
unique for cluster 1, while other alterations and aberrations
in studied genes and their pathways were expressed more
or less in all 4 classes, overlapping themselves. The TCGA
characterization of endometrial tumors 4 genomic classes
in comparison with the traditional classification system
of EC has been presented in Table 1.

This novel, molecular classification system of endo-
metrial cancer has a great potential to develop better
prognostic accuracy and provide predictive information.®
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Table 1. Characteristics of the endometrial cancer genomic classification created using The Cancer Genome Atlas (TCGA) Network'* in comparison with
the dualistic Bokhman classification®

Feature

POLE
(ultramutated)

TCGA genomic classification

MSI

copy-number low
(endometrioid)

copy-number high

(serous-like)

Bokhman's classification

(hypermutated)

Mutation rate very high high low
Microsatellite mixed MSI high, .
instability low, stable M5l high Ml stable
Copy—ngmber low low low
aberrations

POLE (100%)

PTEN (94%) PTEN (88%) o

PIK3CA (71%) RPL22 (37%) C?IIE\II\IBYZS?()V)
Prevalent gene PIK3R1 (65%) KRAS (35%) PIGCA (53(/;
mutations FBXW?7 (82%) PIK3CA (54%) SR (33%2’)

v 0,
ARID1A (76%) PIK3R1 (40%) ARID1A (42%)

low

MSI stable

high

TP53 (92%)
PPP2RTA (22%)
PIK3CA (47%)

28-40%

PTEN (52-78%)
PIK3CA (36-52%)
PIK3R1 (21-43%)

KRAS (15-43%)
ARIDTA (25-48%)

TP53 (60-91%)
HER2 (27-44%)
PIK3CA (24-42%)
PPP2RTA (15-43%)

KRAS (53%)
ARID5B (47%)

ARID1TA (37%)

Histological type endometrioid endometrioid endometrioid : endometrioid Serous
mixed serous and
endometrioid
Grading mixed (G1-3) mixed (G1-3) low (G1-2) high (G3) low (G1-2) high (G3)
Prognosis good intermediate intermediate poor good poor

CTNNB1 (23-24%)

serous,
endometrioid,

MSI - microsatellite instability; POLE — polymerase €; G — grading.

The integration of genomic markers of an individual, en-
dometrial tumor with its clinicopathological features has
become an important tool for clinical decision-making,
especially in the context of escalation or de-escalation
of clinical management and introducing new targeted
immunotherapies.

Clinical management
recommendations for EC patients
based on integrated traditional
pathologic and novel molecular
features

The results reported by TCGA were retrospectively con-
firmed by analyzing data from PORTEC-1 and PORTEC-2
trials.!> Molecular subgroups were combined with other sig-
nificant EC biomarkers such as LICAM, PTEN, f3-catenin,
ARIDIa, estrogen and progesterone expression, and lym-
phovascular space invasion. Integration of prognostic mo-
lecular alterations with established clinicopathological
factors resulted in a stronger model with improved risk
prognostication in high—intermediate risk cohort stratified
into 3 subgroups of 50% (favorable), 35% (intermediate) and
15% (unfavorable) features. Another retrospective analysis
(PORTEC-3 trial) of a cohort of high-risk EC patients ran-
domized for adjuvant chemoradiotherapy compared to ra-
diotherapy alone investigated the prognostic value of molec-
ular EC classification, concluding that incorporation of this

classification into risk stratification is essential. Patients
with p53abnormal (p53abn) mutation should be referred
for adjuvant chemotherapy whilst high-risk POLE-mutated
patients had much better outcome; therefore, de-escala-
tion of adjuvant treatment should be considered.’* While
most EC cases can be classified based on a single TCGA
classifier (POLE exonuclease domain mutations — POL-
Emut, MMR deficiency - MMRd, p53 abnormal — p53abn),
a small but clinically relevant group of tumors harbor
more than 1 molecular classifying feature and are referred
to as ‘multiple-classifier’ ECs.'” This small population (3%
of all ECs) consists of MMRd-p53abn, POLEmut-p53abn
and MMRd-POLEmut-p53abn subgroups, and shows much
better 5-year recurrence-free survival than single-classifier
p53abn (94.1% compared to 70.8% for stage I), and thus
could be de-escalated from the aggressive treatment, simi-
larly to the single-classifier POLEmut EC.

Based on these recent translational studies, the newest,
5th edition of WHO classification of tumors of female geni-
tal tract has included molecular markers.!® Furthermore,
the National Comprehensive Cancer Network (NCCN) in its
newest edition of Clinical Practice Guidelines in Oncology
(2022) recommends molecular analysis of the endome-
trial tumor that could have an impact on the management
of metastatic and recurrent cases presenting mismatch re-
pair deficiency (AMMR/MSI-H tumors) regarding the ther-
apeutic use of efficient immunotherapy (checkpoint inhibi-
tors such as pembrolizumab, dostarlimab or nivolumab).!®
However, introducing molecular biomarkers into the clini-
cal practice may be difficult and depends on availability
of resources and the multidisciplinary team of each hospital
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1 step POLE next-generation sequencing
POLE hotspot POLE hotspot
mutation — NO mutation — YES

2 step MMR proteins IHC POLE

dMMR pMMR
— expression lost — expression retained
3 step P53 protein IHC

MSI next-generation
sequencing

normal
or wild-type
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Fig. 1. Combine, molecular and histological diagnostic
algorithm of endometrial cancer patients stratifying them
into 4 groups of the new molecular classification (based
on National Comprehensive Cancer Network (NCCN) 2022
guidelines)®®

MSI - microsatellite instability; POLE — polymerase ¢;
IHC — immunohistochemistry; dMMR — mismatch repair
deficient; pPMMR — mismatch repair proficient.

aberrant
or mutant

4 step | | copy-number low |

| copy-number high ‘

dealing with the endometrial cancer management. There-
fore, some immunohistochemical surrogates have been
proposed to be combined with genomics and thus enable
classifying each case into 1 from 4 clusters of the molecular
classification.!*?° Such molecular and histologic evaluation
algorithm of each endometrial cancer case has been intro-
duced in author’s institution since the beginning of 2022
and is presented in Fig. 1.

The newest European Society of Gynecological Society/
European Society for Radiotherapy and Oncology/European
Society of Pathology (ESGO/ESTRO/ESP) 2021 guidelines
for the management of patients with EC recommend using
molecular classification in EC patients to define a prognos-
tic risk group and to choose the best possible therapeutic
strategy.! These comprehensive guidelines are a very good
example of decision-making for escalation or de-escalation
management of endometrial cancer patients depending
on the presence or absence of molecular biomarkers. For
instance, stage I-II patients with pathogenic POLE muta-
tion may omit the adjuvant treatment. On the other hand,
EC patients staged I-IVA with myometrial invasion and
no residual disease but with p53abn mutation expressed
should undergo external beam radiotherapy (EBRT) with
concurrent and adjuvant chemotherapy.

To date, other sophisticated molecular studies in EC pa-
tients have been conducted in order to obtain better trans-
lational impact on clinical practice. Under the auspices
of the National Cancer Institute’s Clinical Proteomic Tumor
Analysis Consortium (CPTAC), multi-omic characteriza-
tion of EC samples and appropriate normal tissues from
a prospective cohort of 95 EC patients were extensively stud-
ied. Integrated measurements of DNA, RNA, proteins, and
post-translational modifications (phosphorylation and acet-
ylation) were used to identify novel regulatory relationships

and potential pathways for identifying therapeutic targets.
This analysis revealed possible new consequences of pertur-
bations to the p53 and Wnt/p-catenin pathways, identified
a potential role for circRNAs in the epithelial-mesenchymal
transition, and provided new information about proteomic
markers of clinical and genomic tumor subgroups, including
relationships to known druggable pathways.??

Another recent analysis used the Immuno-oncology
panel and the Target 96 Oncology III panel to detect
92 specific cancer-related serum protein in early-stage
EC cancer patients. The authors generated an algorithm
based on multivariate logistic regression model that was
able to discriminate early EC type I patients from controls
with high specificity and sensitivity (83.7% and 97.6%, re-
spectively) thanks to the analysis of Gal-1, Gal-9, MMP7,
COLYA1, and FASLG serum levels.?

Conclusions

The diagnostic and clinical landscape in EC has changed
alotin recent years. The translational studies on genomics
and proteomics have a practical impact on management
of this cancer. Novel molecular biomarkers are essential for
stratifying the risk of each EC patient and creating a novel
diagnostic tool for optimal therapeutic scenario and can-
cer surveillance regimens after the treatment completion.
The use of new immunotherapies has been based on mo-
lecular-integrated risk profile to determine the treatment
efficacy in patients with advanced and metastatic disease.
However, further prospective studies are necessary to de-
velop complete and commonly used molecular profiling
that should be useful for tailoring the best individual EC
management.
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