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Objective: Advances in molecular profiling have significantly altered the approach
to endometrial cancer (EC). In clinical practice, the assessment of mismatch repair
(MMR) proteins and p53 status, combined with the detection of pathogenic POLE
mutations, currently categorizes EC into four molecular subgroups with
prognostic implications, particularly in early-stage disease: POLE-mutated,
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MMR-deficient (MMRd), p53-abnormal (abn), and no specific molecular profile
(NSMP). However, the current approach is to assess mixed endometrial
carcinomas (MEEC) as a single entity without specific molecular evaluation of
individual histological components. The present study was designed as a
hypothesis-generating analysis to explore this heterogeneity.

Methods: The present analysis was conceived to evaluate whether profiling
histological components of MEEC separately could provide additional prognostic
information. MEEC with an endometrioid and a serous or clear cell component
underwent immunohistochemical analysis of p53 and MMR proteins and POLE
sequencing on the undissociated part and then on separate components.
Results: Eight MEEC were included. Six cases of endometrioid endometrial
carcinoma (EEC) and clear cell carcinoma (CCC) showed that the same
mutations were detected in the undissociated tumor and in separate
components. Two cases consisted of EEC with serous carcinoma (SC). Both
had pathogenic POLE mutations, normal p53 expression, and pMMR status and,
therefore, were potentially at low risk. Further analysis revealed differences in the
histological components. In particular, in one case (case 8), the serous
component was p53-abn and POLE-mutated, whereas the endometrioid
component (55% of the tumor and high-grade) was POLE wild-type,
representing a potential intermediate-high risk profile. It must be noted that no
clinical follow-up data are available for this specific case to confirm whether this
finding would have definitively altered the clinical outcome.

Conclusion: Despite the retrospective nature and limited number of cases, a
discrepancy was identified in a case of MEEC with a serous component when
compared to molecular analysis of the tumor as a single entity, as per current
guidelines. While our findings necessitate evaluation of the current molecular
profiling method, the number of tumors analyzed was very restricted, and
our observations pertain solely to a single sample. Therefore, these findings
ought to be interpreted judiciously and are merely for the purpose of
generating hypotheses.

KEYWORDS
adjuvant treatment, mixed endometrial carcinoma, POLE, prognosis, serous cell
carcinoma

lecular analysis of the tumor as a single entity, and this
changed the prognostic classification and consequently the
therapeutic choices.

* Advances in molecular profiling have transformed the
management of endometrial cancer (EC), with the defini-
tion of four molecular subgroups with prognostic implica-
tions, particularly in early-stage disease: POLE-mutated,
MMR-deficient (MMRd), p53-abnormal (abn), and no
specific molecular profile (NSMP).

* According to the current guidelines, mixed endometrial
carcinomas (MEEC) are considered as an undissociated
entity, and currently no separate molecular profiling of their
histological components is performed.

¢ This study retrospectively evaluated whether separate anal-
ysis of histological subtypes of MEEC with an endometrioid
and a serous or clear cell component could provide addi-
tional prognostic information.

* In our experience, a discrepancy was identified in a case of
MEEC with a serous component when compared to mo-
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Introduction

Endometrial carcinoma (EC) is currently the most prevalent
gynecological malignancy in Europe and North America. It is the
6th most common cancer in women worldwide and the 15th most
common cancer overall, with over 417,000 new cases and approx-
imately 97,300 deaths in 2020 (1).

The most common histological type of EC is endometrioid
endometrial carcinoma (EEC), accounting for 75-80% of all cases.
EEC is generally characterized by a good prognosis and indolent
clinical behavior.

Serous carcinoma (SC) is the second most common type of EC
(approximately 10% of all cases), while clear cell carcinoma (CCC)
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accounts for less than 5% (approximately 2%). Both SC and CCC
are clinically more aggressive, with poor chemosensitivity and a
worse clinical course (2).

Mixed endometrial carcinomas (MEEC), comprising 3-10% of
cases, are defined by the presence of two or more distinct histologic
subtypes. Earlier definitions required the non-endometrioid com-
ponent to represent at least 5% (3) of the tumor.

However, the latest WHO classification has eliminated this
threshold, requiring only that the different histotypes be clearly
distinguished morphologically and immunohistochemically (2).
The most common MEEC types are SC combined with EEC,
followed by CCC with EEC (4). In addition, other mixed histolog-
ical components may also occur.

In recent years, significant advances have been made in the
molecular characterization of EC. The Cancer Genome Atlas
(TCGA), through the characterization of 373 ECs, identified four
distinct genomic subtypes with important prognostic and potential
predictive significance: “ultramutated” tumors characterized by
mutations in the exonuclease domain of polymerase-€ (POLE),
associated with an excellent prognosis (7-8%); a “copy number
high” subgroup characterized by TP53 mutations and generally
poor prognosis (approximately 15-20%); “hypermutated” tumors
with microsatellite instability (MSI), accounting for 25-30% of
cases; and “copy number-low” tumors (30-40%), with the latter
two subtypes having intermediate prognosis (5).

In clinical practice, the assessment of mismatch repair (MMR)
proteins and p53 status through immunohistochemistry, combined
with next-generation sequencing (NGS) to identify pathogenic
POLE gene mutations, currently categorizes endometrial carcinoma
into four molecular subgroups: POLE-mutated, MMR-deficient
(MMRd), p53-abnormal (abn), and no specific molecular profile
(NSMP) (6).

The presence of a pathogenic POLE mutation seems to be
associated with an excellent prognosis, regardless of classic risk
factors, at least in early-stage EC.

This is also consistent with the findings of a recent meta-
analysis of over 350 POLE-mutated endometrial cancers (7).
Independent of traditional risk factors, such as grading,
lymphovascular invasion (LVI), and myometrial involvement,
these tumors have been shown to have a risk of recurrence of less
than 3%, along with high and sustained salvage rates for those who
experienced a disease recurrence.

According to data from the PORTEC-3 study (8), the outcome
does not seem to be related to adjuvant treatment, suggesting that
these patients do not benefit from receiving postoperative chemo-
therapy and radiation therapy.

According to the recent FIGO 2023 staging update (9) and
major international guidelines (10, 11), risk stratification in EC
must now include molecular classification alongside pathological
risk factors.

Patients with stages I-II EC and a pathogenic POLE mutation
are classified as low risk, regardless of other pathological features,
and do not require any adjuvant treatment according to the ESGO/
ESTRO/ESP recommendations (11). However, it should be noted
that other international guidelines, such as those from the NCCN
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(12), maintain a more cautious approach to treatment de-escalation
in this subgroup.

For stage III POLE-mutated tumors, there are currently no
available outcome data without adjuvant treatment.

However, tumors with abnormal p53 and/or high-grade fea-
tures, in addition to myometrial invasion (without pathogenic
POLE mutation), are considered as high risk and therefore benefit
from intensified adjuvant treatment with chemotherapy and radi-
otherapy (10-12).

The POLE mutation appears to maintain its important prog-
nostic value even in grade 3 EECs, where they are independently
associated with favorable overall survival (OS) and relapse-free
survival (RES), even in this subgroup (13, 14).

In CCC and SC (poorly differentiated histotypes by definition),
molecular profiling data are limited, but POLE mutations appear
uncommon (15, 16).

Thus, at least in early I and II stages, clinical decision-making is
no longer based only on adverse pathological characteristics of
tumors but on detailed molecular profiles. Specifically, the POLE
gene plays a crucial role. This approach should be applied for all
types of EC, as stated in the leading international guidelines
(10-12).

MEEC are associated with a severe clinical course, with 5-year
disease-free survival (DFS) and 5-year OS rates not exceeding
50% (17).

MEEC are considered as an undissociated entity whereby,
following the international guidelines, current pathological diag-
nostics provide a histological definition of the two or more
components with a unique molecular profile. In this scenario,
examining the molecular components individually may provide
valuable prognostic insights.

According to the current guidelines, research has not thor-
oughly examined the various histological categories individually
and distinctly. A study published in 2020 explored eight MEEC
cases (four mixed EC/SC cases, three mixed EC/CCC, and one
mixed SC/CCC tumor) (18). The purpose of the analysis was to
examine whether the two histological components were also dis-
tinguished by distinct molecular profiles.

In the mixed EC/CC group, additional mutations were found
only in the EC component, without affecting POLE, p53, or genes of
the MMR system (18). In the mixed EC/SC cases, variations were
found in the expression of p53 and in the mutational status of
POLE, both of which are recognized to influence prognosis and, as a
result, the decision-making process.

These observations align with emerging evidence suggesting
that molecular heterogeneity within mixed tumors may be more
prevalent than previously assumed (18), potentially challenging the
current practice of single-site profiling.

These findings could raise the question of whether the current
molecular profiling, carried out by combining only the components
of the two types of tissues, is no longer adequate to determine the
mutational status of MEEC and, consequently, the risk
of recurrence.

To assess whether molecular status stratified by histological
subtypes could inform prognosis and classification, we analyzed our
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collection of MEEC, specifically mixed tumors with both an
endometrioid component and either a CC or serous component.

This study presents the results of molecular profiling, first as an
indistinct and undissociated entity (as per current clinical practice)
and then by profiling the histological subtypes separately. Given the
hypothesis-generating nature of this study, these findings were
compared at the end of the analysis to evaluate any differences
and their potential clinical significance.

Materials and methods

We retrospectively evaluated EC cases referred to the
Pathological Anatomy Unit of Azienda Usl Toscana Nord-Ovest
(ATNO) from 2022 to 2024, and we selected MEEC with an
endometrioid and a serous or CC component (Ethics Committee
authorization CESM-AOUP, 3203/2011; EudraCT identification
number: 2010-024067- 41).

Standard clinicopathologic characteristics (stage, grading,
myometrial involvement, and LVI) were recorded according to
the 8th edition TNM stage classification (19) and FIGO staging
2009 (20). However, risk stratification was also interpreted accord-
ing to the updated FIGO 2023 criteria (9) to incorporate molecu-
lar subgroups.

We performed immunohistochemical (IHC) analysis of p53
(clone DO7, Ventana Medical Systems) and MMR proteins (MLH1,
PMS2, MSH2, and MSH6) using the Ventana Benchmark Ultra-
Roche Ventana platform: VENTANA anti-MLH1 (M1) Mouse
Monoclonal Primary Antibody, VENTANA anti-PMS2 (A16-4)
Mouse Monoclonal Antibody, VENTANA anti-MSH2 (G219-
1129) Mouse Monoclonal Antibody, and VENTANA anti-MSH6
(SP93) Rabbit Monoclonal Primary Antibody. Mutation-type p53
staining was identified by either overexpression or lack of expres-
sion in tumor cell nuclei, with an intact internal control.

The p53 IHC results were interpreted as abnormal (mutated-
type) staining in the presence of either strong nuclear expression in
at least 80% of tumor nuclei or complete absence of expression
(null-type) in 0% of tumor nuclei. This 80% threshold was selected
in agreement with international consensus guidelines (22), with the
purpose of improving the detection of cases exhibiting p53 abnor-
malities. Because commercial kits for the TP53 gene were not
available during the period of this investigation, p53 immunohis-
tochemistry was employed as a confirmed substitute for TP53
mutation status. This method has shown a general concordance
of up to 92.3% in published studies on endometrial carcinoma (21).

MMR protein staining was interpreted as abnormal (loss) if any
of the following criteria were met: complete loss of nuclear expres-
sion of both MLH1 and PMS2, loss of both MSH2 and MSHS6, loss
of MSH6 or MSH2, or loss of PMS2 or MLHI. Strong nuclear
staining of normal endometrial glands, stromal cells, and lymphoid
cells adjacent to the tumor was used as an internal positive control.

Following CAP and ESMO guidelines, molecular MSI analysis was
adopted as a reflex test only when MMR IHC status was equivocal,
defined as weak/patchy staining compared to internal controls,
subclonal loss in <10% of tumor cells, absent internal controls, or
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predominantly non-specific cytoplasmic staining (10-23). In this
study, six cases required MSI-PCR testing due to equivocal THC results.

MSI status was assessed by the “EasyPGX® ready MSI” kit PCR
on “EasyPGX® qPCR instrument 96 thermocycler (Diatech
Pharmacogenomics) followed by analysis of denaturation profile
using “Agilent Aria Software v1.4” (Agilent Technologies, Santa
Clara, CA, United States) and “EasyPGX® Analysis Software v4.0.0”
(Diatech Pharmacogenomics, Jesi, Italy). Two mononucleotide loci
(BAT25 and BAT26) and six monomorphic-nucleotide markers
(NR21, NR22, NR24, NR27, CAT25, and MONO27) were analyzed;
low instability (MSI-L) was defined as the presence of one unstable
marker, and high instability (MSI-H) was defined as two or more
markers showing an unstable melt curve profile.

DNA tumor extraction was performed from 10-pm-thick FFPE
tissue sections using magnetic-particle technology “MagCore®
Genomic DNA FFPE One-Step Kit” on automated MagCore® HF
16 Plus platform (RBC Bioscience Corp.). To ensure technical
robustness, only samples with a tumor cell content >50% were
selected for molecular profiling.

DNA quantity and quality were measured by qPCR on the
“EasyPGX® qPCR instrument 96” thermocycler; DNA input con-
centration and fragmentation degree were assessed using “Agilent
Aria Software v1.4” (Agilent Technologies) and “EasyPGX®
Analysis Software v4.0.0” (Diatech Pharmacogenomics).

Mutational status of genomic DNA was assessed using
the “Myriapod® NGS Cancer panel DNA” kit (Diatech
Pharmacogenomics) by the preparation of next generation sequenc-
ing (NGS) libraries on Illumina “MiSeq” and “iSeq 100” platforms
(Ilumina Inc., San Diego, CA, United States). Technical specifica-
tions for the NGS assay included a variant allele frequency (VAF)
threshold of 5%, a limit of detection (LOD) >3%, and an analytical
sensitivity >99%. A minimum coverage of 500X and a sequencing
depth of 8,000,000 reads were maintained. Pathogenicity of the
identified mutations was assessed through consultation of estab-
lished databases, including ClinVar and OncoKB. Library quanti-
fication was performed on “Qubit® 4.0 fluorometer” (Invitrogen by
Thermo Fisher Scientific, Waltham, MA, United States).

Identification of single-nucleotide variants (SNVs) and small
insertions and deletions (indels) in 17 genes (ALK, BRAF, EGFR,
ERBB2, FGFR3, HRAS, IDHI, IDH2, KIT, KRAS, MET, NRAS,
PDGFRA, PIK3CA, POLE, RET, and ROS1) was assessed by
“Myriapod® NGS Data Analysis Software v5.0.7” on “Myriapod®
NGS Workstation” (Diatech Pharmacogenomics).

POLE sequencing for hotspots in the exonuclease domain (exons
9-14: exon 9 D268-Q303; exon 10 G304-E340; exon 11 A341-W369;
exon 13 R409-Q453; and exon 14 T454-E491) was performed by gene
sequencing (panel of 17 genes) with the “Myriapod NGS Cancer Panel
DNA”, CE-IVD kit (Diatech Pharmacogenetics S.r.l).

We first performed IHC and molecular analysis on undissoci-
ated MEEC, as per standard clinical practice.

Subsequently, we performed the same IHC and molecular
profiling on the two components separately and distinctly (EEC/
CCC or EEC/SC).

The separate and distinct extraction of DNA from the individ-
ual histological components (endometrioid and serous or CC) was
performed by tissue microdissection of 10 um thick FFPE tissue
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TABLE1 Clinicopathologic and molecular characteristics of MEEC and adjuvant treatment performed.

Myometrial .
Histolo in\);olvement Stage stage AL
oy ) (TNM 8th)  (FIGO '09) treatment
o
1 EEC 80%/CCC 20% | >50% Absent | pT1bNx 1B WT | dMMR (MSH2, MSH6) | WT CT-RT
2 EEC 20%/CCC 80% <50% Absent | pTlaNx 1A WT pMMR p.S297F = None
3 EEC 40%/CCC 60% | <50% Absent | pTlaNx 1A WT | dMMR (MLH1, PMS2) | WT CT-RT
4 EEC 40%/CCC 60% | >50% Diffuse | pTIbNO 1B WT | pMMR p-V411L | None
5 EEC 80%/CCC 20% | <50% Absent | pT1aNO 1A WT | dMMR (MSH6) p-E277K | None
6 EEC 40%/CCC 60% | >50% Diffuse | pT3aNoO A WT | pMMR WT CT-RT
7 EEC 90%/SC 10% >50% Diffuse | pT2NO I WT pPMMR p-A456P | None
8 EEC 55%/SC 45% >50% Diffuse | pT1bNO B WT | pMMR p-V411L | None

EEC, endometrioid endometrial carcinoma; CCC, clear cell carcinoma; SC, serous carcinoma; LVI, lymphovascular invasion; MMR, mismatch repair; AMMR, deficient MMR; pMMR, proficient

MMR; WT, wild-type; CT-RT, chemoradiation.
Values in bold represent statistically significant results (p < 0.05).

slides coated on poly-lysine glass. Unlike standard macrodissection,
this microscopic architectural-guided technique was performed
using a microscope (Leica DM750 Microscope integrated with
5MP CMOS camera (ICC 50W) and equipped with Leica LAS EZ
software (Leica Biosystems, Wetzlar, Germany)) to ensure precise
scraping of identified regions of interest (ROI) with a needle. This
method allowed for high tumor DNA enrichment and accurate
separation of individual histotypes, effectively avoiding cross-con-
tamination between components.

Results

Eight EC cases with two distinct histological components were
identified: six cases comprising EEC and CCC and two cases
comprising EEC and SC. The clinical, pathological, and molecular
features of these tumors are summarized in Table 1.

Among the six mixed EEC/CCC tumors (cases 1-6 of Table 1),
we discovered three cases with pathogenic POLE mutations

FIGURE 1

MECC with a EEC (on the right) and CCC (on the left) histological
subtypes. MECC, mixed endometrial carcinoma; EEC, endometriod
endometrial carcinoma; CCC, clear cell carcinoma.

(specifically ¢.890C>T (p.Ser297Phe), ¢.890C>T (p.Ser297Phe), and
c.829G>A (p.Glu277Lys), all affecting exon 9) and two tumors with
dMMR, one due to loss of MSH2 and MSH6 expression and the other
due to loss of MLH1 and PMS2. All cases had normal p53 expression.

The sole mixed tumor with both POLE wild-type (wt) and
proficient MMR (pMMR) exhibited a BRAF mutation (c.1390G>A
(p.Gly464Arg) in exon 11) and a KRAS mutation (c.38G>A
(p-Gly13Asp) in exon 2). When the two components, endometrioid
and clear cell, were analyzed separately (Figure 1), no differences
were observed in their molecular profiles, which were entirely
consistent with the undissociated mixed tumor (data not shown).
This molecular stability across different histological areas in mixed
EEC/CCC cases is consistent with findings reported by Matrai et al.
(18), suggesting a shared clonal origin for these components.

The two combined EEC with SC (cases 7-8) were discovered to
have POLE mutations (c.1366G>C (p.Ala456Pro) and ¢.1231G>T
(p-Val411Leu) mutations, both in exon 14), normal p53 expression,
and a pMMR profile. Further analysis of the molecular

FIGURE 2

MECC with a EEC (on the right) and CCC (on the left) histological
subtypes. MECC, mixed endometrial carcinoma; EEC, endometriod
endometrial carcinoma; SC, serious carcinoma.
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FIGURE 3

Different p53 expression in ECC (on the right) and SC (on the right)
histological subtypes. EEC, endometriod endometrial carcinoma; SC,
serious carcinoma.

characteristics of the two histological components separately re-
vealed some differences (Figures 2, 3).

In case 7, the serous component was found to be p53-abn, while
the endometrioid component was p53-wt. However, both subtypes
presented the same pathogenic POLE mutation and a pMMR
profile. The presence of a pathogenic POLE mutation affecting
both histological populations confirms the excellent prognosis of
the tumor, which can therefore be considered low risk according to
the initial standard profiling.

Similarly, in the second tumor (case 8), the serous part was p53-
abn, while the endometrioid component was p53-wt. However,
while the serous subtype was confirmed to be POLE-mutated, the
endometrioid component, which represents more than half of the
entire tumor (approximately 55%), did not present any pathogenic
mutation and was therefore POLE-wt (Table 2).

This is a mixed endometrial tumor in stage Ib, with diffuse
LVSL According to the standard unified profiling, it harbors a
pathogenic POLE mutation and would typically be associated with a
favorable prognosis, potentially leading to a recommendation for
observation as the sole management strategy. However, when the
two components were evaluated separately, over half of the neo-
plasm is represented by a POLE-wt EC, specifically a high-grade
endometrioid tumor (G3). This finding in case 8 highlights a
significant molecular discrepancy that contrasts with the “truncal
mutation” model, in which molecular drivers are expected to be
shared by all tumor areas (18).

Such discordance in POLE status within a mixed EC/SC tumor
has been sporadically observed in previous literature, notably by
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Espinosa et al. (2020). This finding suggests an intermediate to high
risk profile and might have warranted adjuvant treatment according
to current clinical practice (10-12). Nevertheless, as no clinical
follow-up or outcome data are available for this specific case, it
cannot be definitively concluded whether this molecular heteroge-
neity would have translated into a different clinical course.

Discussion

The molecular status of EC significantly changes its clinical
management. Particularly in stages I and II EC, the presence of
POLE pathogenic mutations confers a very good prognosis, and no
further treatment is required according to ESGO/ESTRO/ESP
recommendations (11), although NCCN guidelines (12) suggest a
more tailored approach. Conversely, the presence of abnormal p53
or a poorly differentiated tumor subtype (without POLE mutations)
suggests a more aggressive disease, and additional adjuvant therapy
should be considered (5-12).

MEEC are rare and aggressive endometrial tumors. According to
current guidelines, mixed tumors are considered for standard molec-
ular profiling as a single undissociated entity. In a recent study by
Wang et al., eight MEEC, including four mixed EC/SC, three mixed
EC/CCC, and one mixed SC/CCC, were examined by profiling the two
histological components separately and distinctly (18).

The findings showed that some tumors had components with
distinct molecular profiles. Within the morphologically mixed EC/
CC group, additional mutations were found only in the EC
component, not aftecting POLE, p53, or genes in the MMR
system (18). In tumors with both endometrioid and serous com-
ponents, one case exhibited a p53 mutation present only in the
serous component, while another case presented a POLE patho-
genic mutation only in the serous subtype. These results are
consistent with our findings.

In our mixed EEC/SC cases, when profiled using a standard
method as a single, undissociated entity, both cases (7 and 8) were
found to be POLE mutated [c.1366G>C (p.Ala456Pro) and
¢1231G>T (p.Val4l1Leu), respectively], p53 wild-type, and profi-
cient mismatch repair (pMMR).

Based on the presence of a pathogenic POLE mutation and the
stage (II and Ib), as stated by ESGO/ESTRO/ESP guidelines (11),
both patients did not undergo additional adjuvant treatment after
surgery and were referred to exclusive follow-up, despite their
relatively young age and lack of other medical conditions.

In case 7, abnormal p53 expression was observed only in the
serous component, but the POLE mutation persisted in both

TABLE 2 Molecular profiling of the two mixed EEC/SC tumors: global (A) and of the two histological components separately, endometrioid (B) and

serous (C).

Case Mixed EEC/SC (A)

EEC component (B)

SC component (C)

p53 MMR POLE p53 MMR POLE p53 MMR POLE
7 WT pMMR p-A456P WT pMMR p-A456P ABN pPMMR p-A456P
8 WT pMMR p.V411L WT pMMR WT ABN pPMMR p.V411L
EEC, endometrioid endometrial carcinoma; SC, serous carcinoma; MMR, mismatch repair; pMMR, proficient MMR; WT, wild-type; ABN, abnormal.
Values in bold represent statistically significant results (p < 0.05).
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histological components, confirming the low risk of this tumor.
Even based on our separate molecular profiling, the decision not to
carry out any treatment remains appropriate.

In case 8, the tumor exhibited a p53 alteration only in the serous
component; however, it also presented a POLE mutation, which
confers a favorable prognosis.

In the EC component of case 8, which represents 55% of the total,
no pathogenic POLE mutations were detected. This finding suggests a
model of clonal divergence, where the POLE mutation likely emerged
as a secondary, subclonal event in the serous component rather than
being a “truncal” mutation shared by the entire tumor.

More than half of this mixed carcinoma consisted of an
endometrioid tumor without POLE mutation but with over 50%
involvement of the myometrium, high-grade, and diffuse LVSI. This
type of EC might not be considered low risk but rather intermediate
to high risk.

We collected these data retrospectively. If this information had
been available at the time of diagnosis, it might have led to the
consideration of adjuvant chemoradiotherapy treatment instead of
exclusive surveillance. However, according to the standard unified
profiling, this tumor had a pathogenic POLE mutation and was
therefore considered to have a good prognosis and to be a candidate
for exclusive follow-up (which remains the recommended approach
according to standard guidelines (10-12).

It must be noted that, since no clinical follow-up or outcome
data are yet available for the patients in this cohort, we cannot
definitively determine whether this separate profiling would have
improved the patient outcomes.

A distinct and separate molecular profiling of the two histolog-
ical components of this mixed tumor, not currently indicated by any
guideline or scientific community, could potentially have influenced
our decision-making. Nevertheless, given the limited evidence and
the exploratory nature of this case series, current data are insuffi-
cient to propose a change in clinical standards.

Conclusions

Despite the retrospective nature and limited number of cases, a
significant discrepancy was identified in a case of MEEC with a
serous component when compared to the standard molecular
analysis of the tumor as a single entity. Our findings suggest that
separate molecular profiling, although not currently performed in
clinical practice, could potentially yield different results that might
more accurately reflect prognosis and influence treatment decisions.
However, due to the exploratory nature of this small case series,
these results should be interpreted with caution as hypothesis-
generating. Further analysis involving a larger cohort is necessary to
confirm whether this personalized approach provides a significant
clinical benefit and justifies a change in current clinical standards.

Limitations

This study has some limitations, including the small sample size
(n=8) and its retrospective nature. Moreover, the lack of long-term
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follow-up and clinical outcome data, especially for case 8, prevents
us from demonstrating whether separate molecular profiling would
have definitively improved patient survival or changed the clinical
course. Due to these constraints and the potential technical costs of
separate NGS analyses, this manuscript should be considered an
exploratory and hypothesis-generating case series rather than a
basis for changing current clinical guidelines.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

Ethical approval for the retrospective evaluation of endometrial
carcinoma samples was granted by the Ethics Committee CESM-
AQUP (Authorization n. 3203/2011; EudraCT: 2010-024067-41).
The studies were conducted in accordance with the local legislation
and institutional requirements. The requirement for informed
consent was waived by the Ethics Committee due to the retrospec-
tive nature of the study.

Author contributions

GM: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing —
original draft, Writing — review & editing. PP: Writing — review &
editing, Supervision. AnG: Supervision, Writing - review & editing. SC:
Conceptualization, Formal analysis, Project administration, Writing —
review & editing, Supervision, Methodology, Investigation. LC:
Investigation, Writing — review & editing, Project administration,
Methodology. FD: Resources, Writing - review & editing,
Investigation, Methodology. ED: Data curation, Investigation,
Supervision, Writing — review & editing, Methodology. CF: Software,
Resources, Formal Analysis, Writing — review & editing. LM: Writing —
review & editing. GS: Writing - review & editing. GC: Writing - review
& editing. PV: Writing - review & editing. SD: Writing - review &
editing. CV: Writing - review & editing. CC: Writing - review & editing.
MLu: Writing - review & editing. IF: Writing - review & editing. AA:
Writing - review & editing. SA: Writing - review & editing.
GB: Writing - review & editing. RM: Writing - review & editing.
MLi: Writing - review & editing. SM: Writing - review & editing. CP:
Writing - review & editing. MM: Writing - review & editing.
PC: Writing - review & editing. AlG: Writing — review & editing.
FV: Writing - review & editing. GAc: Conceptualization, Data curation,
Formal analysis, Funding acquisition, Investigation, Methodology,
Project administration, Resources, Software, Supervision, Validation,
Visualization, Writing — original draft, Writing — review & editing.

frontiersin.org


https://doi.org/10.3389/fonc.2026.1735988
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Musettini et al.

GAr: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing —
original draft, Writing — review & editing. MB: Writing - review &
editing. CB: Writing - review & editing. IS: Writing — review & editing.
AF: Writing — review & editing. AM: Writing — review & editing. AP:
Writing - review & editing. ES: Writing - review & editing.
FO: Writing — review & editing. AC: Writing — review & editing.
GAl: Writing - review & editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Acknowledgments

The authors thank the nurses and administrative staff of the
centers for their precious help. In particular, we would like to give
special thanks to the friends of “Deportivo Peccioli” and to the
Municipality of Peccioli, Pisa, Italy. Finally, we also thank Smart
Revolution srl for their precious contribution.

References

1. World Cancer Research Fund International. Endometrial cancer statistics. Available
online at: werf.org (Accessed February 1, 2024).

2. WHO Classification of Tumours Editorial Board. WHO classification of tumours,
5th edition, volume 4. In: Female genital tumours. IARC, Lyon (France (2020).

3. Kurman RJ, Carcangiu ML, Herrington CS, Young RH, Brand AH, Day AJ, et al.
WHO classification of tumors of female reproductive organs. Lyon, France: TARC (2014).

4. Kobel M, Meng B, Hoang LN, Al-Agha R, Gilks CB, Soslow RA, et al. Molecular
analysis of mixed endometrial carcinomas shows clonality in most cases. Am J Surg
Pathol. (2016) 40:166-80. doi: 10.1097/PAS.0000000000000764

5. Cancer Genome Atlas Research Network. Integrated genomic characterization of
endometrial carcinoma. Nature. (2013) 497:67-73. doi:10.1038/nature12325

6. Jamieson A, Barroilhet LM, McAlpine JN. Molecular classification in endometrial
cancer: Opportunities for precision oncology in a changing landscape. Cancer. (2022)
128:2853-7. doi:10.1002/cncr.34328

7. McAlpine N, Chiu DS, Nout RA, Hunter SM, Thompson EF, McConechy MK, et al.
Evaluation of treatment effects in patients with endometrial cancer and POLE mutations: An
individual patient data meta-analysis. Cancer. (2021) 127:2409-22. doi: 10.1002/cncr.33516

8. Leon-Castillo A, de Boer SM, Powell ME, Mileshkin LR, Mackay HJ, Leary A, et al.
Molecular classification of the PORTEC-3 trial for high-risk endometrial cancer:
Impact on prognosis and benefit from adjuvant therapy. J Clin Oncol. (2020)
38:3388-97. doi: 10.1200/jc0.20.00549

9. Berek JS, Matias-Guiu X, Creutzberg C, Amen F, Bacchi CE, Concin N, et al. FIGO
staging of endometrial cancer: 2023. Int ] Gynaecol Obstet. (2023) 162:383-94.
doi: 10.3802/jg0.2023.34.e85

10. Oaknin A, Bosse TJ, Creutzberg CL, Giornelli G, Harter P, Joly F, et al. Endometrial
cancer: ESMO clinical practice guideline for diagnosis, treatment and follow-up. Ann
Oncol. (2022) 33:860-77. doi: 10.1016/j.annonc.2022.05.009

11. Concin N, Matias-Guiu X, Vergote I, Cibula D, Mirza MR, Marnitz S, et al. ESGO/
ESTRO/ESP guidelines for the management of patients with endometrial carcinoma.
update 2025. Lancet Oncol. (2025) 26:423-35. doi: 10.1016/S1470-2045(25)00167-6

Frontiers in Oncology

10.3389/fonc.2026.1735988

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

12. Abu-Rustum N, Yashar C, Arend R, Barber E, Bradley K, Brooks R, et al. Uterine
neoplasms, version 1.2023, NCCN clinical practice guidelines in oncology. J Natl
Compr Canc Netw. (2023) 21:181-209. doi: 10.6004/jnccn.2023.0006

13. Bosse T, Nout RA, McAlpine JN, McConechy MK, Britton H, Steyerberg EW, et al.
Molecular classification of grade 3 endometrioid endometrial cancers identifies distinct
prognostic subgroups. Am ] Surg Pathol. (2018) 42:561-8. doi: 10.1097/
pas.0000000000001020

14. Casanova J, Duarte GS, Da Costa AG, Marot L, Casanova J, Félix A, et al. Prognosis
of polymerase epsilon (POLE) mutation in high-grade endometrioid endometrial
cancer: Systematic review and meta-analysis. Gynecol Oncol. (2024) 182:99-107.
doi: 10.1016/}.ygyn0.2024.01.018

15. Baniak N, Fadare O, Kébel M, Thompson E, Manning LS, Gilks CB, et al.
Targeted molecular and immunohistochemical analyses of endometrial clear cell
carcinoma show that POLE mutations and DNA mismatch repair protein deficien-
cies are uncommon. Am ] Surg Pathol. (2019) 43:531-7. doi: 10.1097/
Ppas.0000000000001209

16. Kim SR, Cloutier BT, Leung S, Cochrane D, Britton H, Grewal N, et al. Molecular
subtypes of clear cell carcinoma of the endometrium: Opportunities for prognostic and
predictive stratification. Gynecol Oncol. (2020) 158:3-11. doi: 10.1016/
j.ygyn0.2020.04.043

17. Pappa C, Le Thanh V, Smyth SL, Pappa E, Lolis E, Gkrozou F, et al. Mixed
endometrial epithelial carcinoma: Epidemiology, treatment and survival rates—A 10-
year retrospective cohort study from a single institution. J Clin Med. (2023) 12:6373.
doi: 10.3390/jcm12196373

18. Matrai C, Motanagh S, Mirabelli S, Wang Y, Soslow RA, Al-Agha R, et al.
Molecular profiles of mixed endometrial carcinoma. Am ] Surg Pathol. (2020)
44:1104-11. doi: 10.1097/pas.0000000000001519

19. Brierley JD, Gospodarowicz MK, Wittekind C. TNM classification of Malignant
tumours, 8th edition. Oxford: Wiley-Blackwell (2017).

20. Pecorelli S. Revised FIGO staging for carcinoma of the vulva, cervix, and
endometrium. Int ] Gynaecol Obstet. (2009) 105:103-4. doi:10.1016/j.ijg0.2009.02.012

frontiersin.org


file:///C:\Programs\MaxTraCt2\@3G_DuplicateRef\wcrf.org
https://doi.org/10.1097/PAS.0000000000000764
https://doi.org/10.1038/nature12325
https://doi.org/10.1002/cncr.34328
https://doi.org/10.1002/cncr.33516
https://doi.org/10.1200/jco.20.00549
https://doi.org/10.3802/jgo.2023.34.e85
https://doi.org/10.1016/j.annonc.2022.05.009
https://doi.org/10.1016/S1470-2045(25)00167-6
https://doi.org/10.6004/jnccn.2023.0006
https://doi.org/10.1097/pas.0000000000001020
https://doi.org/10.1097/pas.0000000000001020
https://doi.org/10.1016/j.ygyno.2024.01.018
https://doi.org/10.1097/pas.0000000000001209
https://doi.org/10.1097/pas.0000000000001209
https://doi.org/10.1016/j.ygyno.2020.04.043
https://doi.org/10.1016/j.ygyno.2020.04.043
https://doi.org/10.3390/jcm12196373
https://doi.org/10.1097/pas.0000000000001519
https://doi.org/10.1016/j.ijgo.2009.02.012
https://doi.org/10.3389/fonc.2026.1735988
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Musettini et al.

21. Singh N, Pautier P, Macdonald S, Ganesan R, Hirschfeld L, Bentley J, et al. p53
immunohistochemistry is an accurate surrogate for TP53 mutational analysis in
endometrial carcinoma biopsies. ] Pathol. (2020) 250:336-45.

22. Kobel M, Ronnett BM, Singh N, Soslow RA, Gilks CB, McCluggage WG, et al.
Interpretation of p53 immunohistochemistry in endometrial carcinomas: Toward

Frontiers in Oncology

09

10.3389/fonc.2026.1735988

harmonization. Int J Gynecol Pathol. (2019) 38:5123-31. doi: 10.1097/
PGP.0000000000000488

23. Bartley AN, Hamilton SR, Fitzgibbons PL, Berman MA, Chopp WV, Ginter PS, et al.
Template for Reporting Results of Biomarker Testing of Specimens From Patients With
Carcinoma of the Endometrium. Northfield: College of American Pathologists (CAP). (2022).

frontiersin.org


https://doi.org/10.1097/PGP.0000000000000488
https://doi.org/10.1097/PGP.0000000000000488
https://doi.org/10.3389/fonc.2026.1735988
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Mixed endometrial carcinoma: is it time to profile the two components separately?
	Highlights
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Limitations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


