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ABSTRACT

For many years endometrial cancer has been subdivided into oestrogen — dependent (type I) and oestrogen — inde-
pendent (type Il), according to classical Bokhman classification. Histopathological evaluation including type and grade
of tumour, along with clinical factors have been considered as very important prognostic factors that impact treatment
decision. However, histologically similar tumours may have different outcomes. Recent molecular findings and new
histopathological parameters have given new concept on risk stratification. The Cancer Genome Atlas Research Network
(TCGA) of tumours have brought new insights into endometrial cancer management. Four molecular subgroups have
been described: POLE ultramutated (POLE mut), p53 mutant (p53abn), mismatch repair deficient (MMRd) and non-specific
molecular profile (NSMP). This new subdivision has been recently introduced in the European risk stratification system.
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INTRODUCTION

Endometrial cancer (EC) is the second most common
gynaecologic malignancy that affects thousands of women
globally.In 2018, 417 367 new cases were diagnosed world-
wide and 97 370 patients died [1]. Although nearly 80% of EC
patients are diagnosed in stage I-Il according to 2018 FIGO
classification [2], some of the apparently early-stage EC,
have fatal outcomes. There are some several international
guidelines concerning adjuvant treatment in early EC, how-
ever the recommendations are ambiguous. Guidelines of
the European Society of Medical Oncology (ESMO) [3] or
National Comprehensive Cancer Network (NCCN) [4] present
a wide spectrum of options from patients’ observations to
adjuvant chemoradiotherapy.

Until now, the 4t edition of the World Health Organiza-
tion (WHO) classification of tumours of female reproductive
organs was based on histological morphology completed
by immunohistochemical prognostic markers [5]. The treat-
ment indications were based on these findings, butin some
cases, histopathological interobserver variations have been
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demonstrated. This fact explains the reason why scientists
started to search for new prognostic factors to precise opti-
mal indications to adjuvant therapy in EC patients. Recently,
the Cancer Genome Atlas Research Network (TCGA) brought
important knowledge regarding molecular profile of EC
[6]. 373 cases of EC were analysed using next generations
sequencing (NGS) test, and these cases were stratified to
four different subgroups. These four subgroups include:
ultra-mutated EC which presents pathogenic variantsin the
exonuclease domain of DNA polymerase-epsilon (POLE),
hypermutated EC characterised by microsatellite instabil-
ity (MSI), a low copy number with a low mutational burden
and a high copy number with TP53 mutations. Validation
of prognostic factors by molecular stratifications have re-
structured EC classifications. This project included a com-
prehensive analysis of endometrioid, serous and mixed
histology. Nowadays, based on transcriptomic, genomic
and proteomic characterization EC is categorised as follows:
POLEmut EC (pathogenic polymerase - epsilon variants),
MMRd EC (mismatch repair protein deficiency), NSMP EC
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Figure 1. Proposition of diagnostic algorithm of endometrial cancer including molecular testing

(nonspecific molecular profile) and p53mut EC (mutation
in p53). In case of inconclusive or not performed molecular
test the term NOS (not otherwise specified) should be used.
New algorithm of pathological/molecular examination of EC
was presented on Figure 1.

CLINICAL SIGNIFICANCE OF NEW
MOLECULAR CLASSIFICATION OF
ENDOMETRIAL CANCERS
EC, POLE mut

POLE mutated variants comprise about 7% of all EC [6].
POLE gene encodes polymerase epsilon (g), which can cor-
rect DNA synthesis errors and helps protect against ge-
nome instability. Loss of function in the DNA polymerase
€ is important in tumorigenesis of EC. Tumours with POLE
exonuclease domain mutations (EDMs) have shown to in-
crease spontaneous mutation rates and are referred as“POLE
ultra-mutated”.

POLE mutations are assessed using PCR amplification
and Sanger sequencing, while other subgroups of EC are
evaluated by immunohistochemical staining [7]. Five hot
spots were recognized: P286R, V411L, S297F, A456P and
S459F. This variant of tumour despite the presence of poor
pathologic features (high grade and deep myometrium inva-
sion) has good prognosis with improved progression free
survival (PFS) [8,9]. PORTEC 1 and 2 trials show thatin inter-
mediate and high intermediate groups of EC POLE mut and
POLE wild type (wt) 10-years cancer specific survival were
97.7% and 89.7% (p=0.11), respectively [10]. POLE-mutant
tumours have a risk of recurrence approximately one third
of that in other types of EC.In PORTEC trials any of POLEmut
grade 3 patient recurred in comparison with 30.9% of grade
3 tumours in the rest of subgroups. These findings support
opinion that POLE mut EC has intrinsic factors beneficial
for survival independent of adjuvant treatment [11]. In this

type of EC high mutational load have been demonstrated
and immunogenic reactions due to huge lymphocyte T in-
filtration of tumour was observed [12]. Additionally, loss of
increased radiation sensitivity in POLE mut embryonic stem
cells was estimated [13]. Improved overall survival was also
observed in POLE mut high risk EC [14]. Apart from muta-
tions in POLE gene multiple alterations in molecular profile
could be found in EC (POLEmut and p53 mut, POLEmut and
MMRd, etc.) — known as double classifier. Those additional
mutations do not influence survival; patients have good
prognosis and should be managed as POLE mut [11].

EC, MMRd

This type of molecular profile is frequent in EC (approxi-
mately 25-30%). It is defined by loss of nuclear expression of
one or more MMR proteins (MLH1, MSH2, MSH6 and PMS2)
within tumour cell [6, 15]. MMRd EC has an intermediate prog-
nosis. Similar to POLE mut also had abundance of tumourinfil-
trating lymphocytes (TILs). Exploratory analysis of NRG/GOG
210 study showed that adjuvant treatment improves PFS in
MMRd EC in contrast to POLE mut [16]. Long term analysis
of PORTEC 2 trial revealed similar effectiveness of vaginal
brachyterapy in comparison with external beam radiotherapy
(EBRT) in reducing pelvic lymph node recurrence riskin MMRd
group in the absence of other unfavourable prognostic factors
(substantial LVSI, p53 mut, L1CAM) [18]. Patients with high
risk (HR) MMRd EC had no benefit from addition CT to EBRT
[14]. Assessment of lympho-vascular space invasion (LVSI) in
histopathologic protocol is crucial as it is one of the most im-
portant prognostic factors in EC. It should be stated that focal
LVSI (single focus of LVSI around the tumour) have no impact
on prognosis in opposite to substantial LVSI (extensive LVSI).
Substantial LVSI is observed in up to 8.9% of MMRd EC [17].
In low-risk endometrial cancer patients, MMRd increases of
ovarian metastasis and synchronous gonadal involvement [19].
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EC, NSMP

Non-specific molecular profile (NSMP; also called low
copy number) EC should be diagnosed in patients with
p53 wild type expression, MMR proficient and absence
of pathogenic mutations in POLE gene. This subtype has
worse prognosis than the POLE mut and MMRd types. Ac-
cording to newly developed Proactive Molecular Risk Clas-
sifier for Endometrial Cancer (ProMisE), L1 cell-adhesion
molecule (L1CAM) is significant indicator of high-risk dis-
ease in EC. In NSMP subgroup univariate analysis showed
higher risk of fatal outcome in L1CAM positive patients
compared to L1CAM negative counterpart. Disease spe-
cific survival in L1CAM positive group had HR 6.94 (95% CI
2.56-18.74; p < 0.001) [18]. After hysterectomy, patients with
p53 wt/NSMP, L1CAM-positive tumours were at similar risk
for fatal outcome when compared to patients with p53 mut
disease. These patients should be subjected to adjuvant
therapy even if ESMO criteria indicate low risk group with
no adjuvant treatment necessary. Adjuvant EBRT with or
without chemotherapy depend on patients’ status, should
be used [20]. In cases of p53 wt/NSMP L1CAM negative,
addition of chemotherapy did not improve survival [21].

EC, p53 mut

This high copy number type of EC presents a very ag-
gressive course and the worst outcome. Comparing 5 years
PFS between subgroups: p53 mut, POLE mut, MMRd and
NSMP, the results were as follows: 50%, 98%, 74% and 76%,
respectively [21]. Budak et al. [22] showed that high p53 ex-
pression correlates with advanced stage of endometrial can-
cer. Adjuvant chemoradiotherapy (CRT) improved overall
survival only in this subtype of EC. HR patients with p53 mut
included to PORTEC 3 trial achieved better 5 years PFS in CRT
group in comparison with radiotherapy group: 61% vs 37%;
p < 0.001 [14]. Additionally, amplification of ERBB2 gene is
found quite often [21]. The prevalence of homologous re-
combination deficiency (HRD) had been determined in 46%
of EC p53 mut [23].

NEW POTENTIAL TARGETED THERAPY IN EC
Both MSI and POLE mut subtypes express essential im-
munogenicity because of a high mutational burden [24]. Ad-

dition of PDL1 or anti PD-1 agents (atelizumab, nivolumab or
pembrolizumab) can be effective in recurrent or metastatic
MSI or POLE mutations EC [25-27].

In EC cases, showing the amplification of ERBB2 gene
and overexpression of HER2, trastuzumab therapy may
be used. Trastuzumab is a monoclonal antibody directed
against the HER2 receptor. The ongoing study may confirm
any benefit of adjusting trastuzumab therapy in recurrent
EC. The trial including patients with stages Ill/IV or recur-
rent HER2 EC presents improved PFS from 8 to 13 months
(p=0.003) [27, 28]. Subgroup of EC p53 mut serous type ex-
press germline BRCA1/2 mutations, and therefore poly (ADP
ribose) polymerase inhibitors may show any efficacy in treat-
ment modality. Currently, several clinical trials investigating
the efficacy of PARP inhibitors in recurrent or metastatic EC
have been ongoing. Based on previous information from
“ProMisE” (Proactive Molecular Risk Classifier for Endometrial
Cancer), ESGO (European Society of Gynaecological Cancer),
ESTRO (European Society for Radiotherapy and Oncology)
and ESP (European Society of Pathology) prepared recom-
mendations on risk stratification presented in Table 1.

The PORTEC 4a study aims to determine efficiency of
molecular integrated risk profiles in endometrial cancer.
This trial intends to compare molecular profile-based adju-
vant therapy versus adjuvant treatment based on standard
pathological characteristics.

SUMMARY

The new insights into molecular classification give novel
information to better understand the biology of endome-
trial cancer. New stratifications based on molecular and
clinical factors will allow to treat EC patients more precisely.
New recommendations will hopefully help to avoid over
an undertreatment of endometrial cancer patients. About
50% of patients in the POLE subgroup (excellent prog-
nosis) were classified as ESMO high-risk, and about 25%
of patients in the high copy number subgroup would be
classified as ESMO low/intermediate risk. These data raise
the question of proper adjuvant therapy. The EC molecular
classification will permit to introduce a new therapeutic
modality in these cases. Results of prospective PORTEC 4a
trial are still awaited.
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Table 1. Risk stratification according to histopathological criteria and molecular classification [30] (by courtesy of International Journal of

Gynaecological Cancer)

Risk group Molecular classification unknown

Low . Stage IA endometrioid + low grade® + LVSI negative
or focal

Intermediate . Stage IB endometrioid + low-grade® + LVSI negative

or focal

. Stage IA endometrioid + high-grade® + LVSI negative
or focal

« Stage IA non-endometrioid (serous, clear cell,
undifferentiared carcinoma, cacinosarcoma, mixed)

High-intermediate .

Advanced metastatic -

without myometrial invasion

of grade and depth of invasion

. Stage IB endometrioid high-grade® regardless

of LVSI status
- Stagell

Stage lI-IVA with no residual disease

« Stage I-IVA non-endometrioid (serous, clear cell,

Stage | endometrioid + substantial LVSI regardless

undifferentiared carcinoma, cacinosarcoma, mixed)
without myometrial invasion, and with no residual

disease

Stage lII-IVA with residual disease
» StagelVB

Molecular classification known*

« Stage |-Il POLEmut endometrial carcinoma, no residual
disease

+ Stage |A MMRd/NSMP endometrioid carcinoma +
+ low-grade® + LVSI negative or focal

« Stage IB MMRd/NSMP endometrioid carcinoma +
+ low-grade® + LVSI negative or focal

+ Stage IA MMRd/NSMP endometrioid + high-
grade® + LVSI negative or focal

- Stage |IA p53abn and/or non-endometrioid (serous,
clear cell, undifferentiated carcinoma, carcinosarcoma,
mixed) without myometrial invasion

+ Stage | MMRd/NSMP endometrioid
carcinoma + substantial LVSI regardless of grade
and depth of invasion

- Stage IB MMRd/NSMP endometrioid carcinoma
high-grade® regardless of LVS| status

+ Stage Il MMRd/NSMP endometrioid carcinoma

+ Stage llI-IVA MMRd/NSMP endometrioid carcinoma
with no residual disease

« Stage |-IVA p53abn endometrial carcinoma with
myometrial invasion, with no residual disease

« Stage |-IVA NSMP/MMRd serous, undifferentiated
carcinoma, carcinosarcoma with myometrial invasion,
with no residual disease

« Stage llI-IVA with residual disease of any molecular type
« Stage IVB of any molecular type

According to the binary FIGO grading, grade 1 and grade 2 ECs are considered as low-grade and grade 3 ECs are considered as high-grade
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