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HIGHLIGHTS

« ER/PR expression is prognostic within the molecular subgroups.

» Within MMRd and NSMP EC the three-tiered risk classification of ER expression is prognostically significantly.
» Within p53mut and NSMP EC the three-tiered risk classification of PR expression is prognostically significantly.
« In the entire cohort, PR 0-10 % expression and p53mut are independent prognostic factors for decreased DSS.

« In the entire cohort, PR 90-100 % and POLE-mutant are independent prognostic factors for an improved DSS.

ARTICLE INFO ABSTRACT
Article history: Objective. The prognostic relevance of hormonal biomarkers in endometrial cancer (EC) has been well-
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was shown to improve prognostication. This has not been evaluated in relation to the molecular subgroups. This
study aimed to evaluate the ER/PR expression within the molecular subgroups in EC.

Methods. A retrospective multicenter cohort study was performed and data from the European Network for
Individualized Treatment centers and Vancouver, Canada were used. ER/PR immunohistochemical expression

Keywords:

Enjév:metrial carcinoma was grouped as: ER/PR 0-10 %, 20-80 % or 90-100 %. Molecular subgroups were determined with full next-
Prognosis generation sequencing or combined with immunohistochemistry: POLEmut, mismatch repair deficient
Biomarkers (MMRd), p53mut and no-specific molecular profile (NSMP).
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Results. A total of 739 patients were included (median follow-up 5.0 years). Tumors were classified as
POLEmut in 9.1 %(N = 67), MMRd in 27.6 %(N = 204), p53mut in 20.8 %(N = 154) and NSMP in 42.5 %(N =
314). Among all molecular subgroups, patients with ER/PR 90-100 % expression revealed the best disease-

specific survival (DSS). Within p53mut, PR 90-100 % expression showed a 5-year DSS of 100.0 %. ER expression
is prognostic more relevant in MMRd and NSMP tumors while PR expression in p53mut and NSMP tumors.
Across all molecular subgroups, PR 0-10 %, p53mut, lympho-vascular space invasion and FIGO stage III-IV re-
mained independently prognostic for reduced DSS Whereas PR 90-100 % and POLEmut remained independently
prognostic for improved DSS.
Conclusion. We demonstrated that ER/PR expression remain prognostically relevant within the molecular
subgroups, and that a three-tiered cutoff refines prognostication. These data support incorporating routine eval-

uation of ER/PR expression in clinical practice.
© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

Historically, endometrial cancer (EC) was divided into two histopa-
thological subtypes [1]. Type 1 EC includes low-grade (grade 1 and
2) endometrioid EC (EEC), represents the majority (80 %) of patients,
and is associated with obesity and good prognosis. Type 1 EC is consid-
ered to be hormone driven with high expression of estrogen (ER) and
progesterone receptors (PR) [2]. Type 2 EC represents high-grade tu-
mors (grade 3 EEC and non-endometrioid EC (NEEC)), generally have
low ER expression and an unfavorable prognosis [1,3]. Despite the over-
all good prognosis of type 1 EC, mortality in absolute numbers is higher
in type 1 compared to type 2 EC [4].

Hormone receptor expression (ER/PR) are prognostic biomarkers
that predict lymph node metastasis (LNM) and outcome [5-7]. The cur-
rent used cutoff for ER/PR expression within EC is not uniform, is
adopted from breast cancer studies, and most frequently considered
positive if >1 % or > 10 % expression [8,9]. Studies within EC showing
the cutoff with the best prognostic impact are lacking, therefore in a
previous explorative analysis different cutoff values for ER/PR expres-
sion were evaluated and showed the subgroups 0-10 % with unfavor-
able outcome, 20-80 % with intermediate outcome and 90-100 % with
favorable outcome. This revised three-tiered risk classification model
was shown to improve prognostication over the mostly used cutoff of
10 % [10]. Prospective validation is very much supported to verify
these findings.

The Cancer Genome Atlas (TCGA) classified patients with EC into
four important prognostic subgroups based on their genomic molecular
signature: I) ultramutated tumors with polymerase epsilon (POLE) mu-
tations, II) hypermutated tumors with microsatellite instability (MSI),
II) copy-number-high (CNH) tumors with frequent tumor protein
(TP53) mutations, IV) copy-number-low (CNL) tumors (also known as
no-specific molecular profile (NSMP)) [11]. The Proactive Molecular
Risk Classifier for Endometrial Cancer (ProMisE) is a surrogate diagnos-
tic algorithm using low cost clinically applicable immunohistochemistry
(IHC); mismatch repair deficient (MMRd) instead of MSI and p53 in-
stead of TP53 [12,13].

The histopathological subtypes (type 1 and 2) are present within all
molecular subgroups. Type 1 (EEC histology) is mainly represented by
the POLEmut, MMRd and NSMP subgroup, with positive ER/PR expres-
sion. Type 2 (NEEC histology) is mainly represented by the p53mut sub-
group, with generally negative ER/PR expression [11].

In this era of molecular profiling, the relevance of hormonal bio-
markers needs to be redefined. Earlier study demonstrated that ER sta-
tus was still important for the outcome of EC patients regardless of risk
class and p53 or MMR status [14]. Within the NSMP subgroup loss of ER
and/or PR expression (<1 % and < 10 %) was shown to be an important
prognosticators for EC, but this was not found in the other molecular
subgroups [15-17]. So far, it has not been investigated whether the pre-
viously mentioned three-tiered ER/PR risk model [10], has prognostic
impact in the different molecular subgroups. Therefore, we studied
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the prognostic relevance of the three-tiered ER/PR classification within
the molecular subgroups in EC. It is hypothesized that this three-
tiered model refines prognostication within all molecular subgroups.

2. Materials and methods
2.1. Patients

A retrospective multicenter cohort study has been performed. Data
was used from the European Network for Individualized Treatment
(ENITEC) centers and Vancouver Hospital, Canada. Data from four previ-
ously published and one unpublished cohort were collected, resulting in
978 patients (flowchart Supplementary Fig. S1) [10,12,13,18,19]. Pa-
tients were treated between 1994 and 2019 (median 2007) and data
on clinicopathological characteristics and outcome were collected.

Inclusion criteria were: (I) availability of ER/PR immunohistochem-
istry, (II) patients successfully classified with either full next-
generation sequencing (NGS) or NGS combined with IHC according to
ProMisE [12]. An exclusion criteria was: missing follow-up. Patients
were aligned according to the diagnostic algorithm in Fig. 1 and final
classified according to the World Health Organization (WHO) Classifica-
tion of Female Genital Tumors [20]; POLEmut, MMRd, p53mut and
NSMP.

This study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline.

2.2. DNA analysis

The molecular subgroups included in this study were determined by
either full NGS or according to ProMisE. Both methods have been de-
scribed previously [13,21] and details are provided for the different co-
horts in the Supplementary Method S1. Briefly, for molecular profiling by
full NGS, DNA was isolated from formalin-fixed paraffin-embedded
(FFPE) tumor blocks. Next, DNA was sequenced by NGS with single-
molecule Molecular Inversion Probes (smMIPs) [22]. For the detection
of MSI, 55 MSI markers were tested according to the previously pub-
lished design [23]. Multiple-classifiers were classified as the molecular
subgroup with the best prognosis [24]. For the molecular subgroups de-
termined according ProMisE criteria, POLEmut analysis was performed
by MiSeq, Sanger or NGS [13,19].

2.3. Immunohistochemical analysis

[HC was performed on 4 um FFPE tumor sections for the ENITEC cen-
ters and tissue microarrays (TMA) for Vancouver cohort, as described
previously and detailed in the Supplementary method S1[10,13,17,19].
In brief, antibodies specific to MSH6, PMS2, p53, ER and PR were used.
Staining for p53 was considered abnormal when more than 80 % of
tumor cell nuclei showed strong expression (overexpression) or when
there was complete loss of nuclear staining (null-expression) with a
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Fig. 1. Diagnostic algorithm of patients diagnosed with full next-generation sequencing or combined with immunohistochemistry, and the final classification according to the World

Health organization (WHO) classification of female genital tumors.

Abbreviations: POLE, Polymerase epsilon; MSI, Microsatellite instability; MMRd, Mismatch repair deficient; TP53, Tumor protein 53; p53mut, p53-mutant; NSMP, No-specific molecular

profile.

positive internal control. Mismatch repair deficiency (MMRd) was de-
fined as complete absence of nuclear staining of PMS2 and/or MSH6,
in the presence of a positive internal control. For the TMAs, staining
for individual MMR proteins and ER/PR was repeated on whole sections
whenever there was equivocal, uninterpretable, or aberrant staining. ER
and PR expression was determined by estimating the percentage of pos-
itive nuclei in the whole invasive tumor area by ‘eyeballing’. Scoring for
ER and PR expression within the included cohorts was performed by
two assessors (pathologists and researchers, who were trained by an
expert gynecologic-pathologist), reviewing discrepancies in a consen-
sus meeting. Within the different cohorts, the discrepancies were dis-
cussed between the two assessors to find a final agreement for the
percentage [10,19]. In our previous study, explorative analysis was per-
formed of the IHC samples with 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, and
100 % of expression. Cutoffs with the strongest prognostic impact were
determined. According to this retrospective study the ER/PR risk groups
were defined as: ER/PR 0-10 % as high-risk, ERPR 20-80 % as intermedi-
ate risk and 90-100 % as low risk, in this study the same cutoffs for the
risk groups was used. The Cohen's k value for scoring ER/PR expression
as per the three risk groups was 0.703 [10]. Percentages were scored by
the pathologist as 0 %, 10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 %, 90 %
and 100 %. In a small amount of cases the percentages were scored in be-
tween, e.g. 85 %, these were rounded off into the nearest category (so
85 % was categorized as 90 %). When ER and PR were taken together,
the subgroups were defined as ER + PR 0-10 %, ER + PR 20-80 %,
ER + PR 90-100 % and discordant. Patients were grouped ‘discordant’
if the ER and PR percentages were not aligned in the same risk group
(e.g. ER 10 % and PR 90 %). These patients were also included in the sur-
vival analysis to determine the relevance of this subgroup in clinical
practice.

2.4. Primary objective

To study the prognostic relevance of the three-tiered ER/PR risk clas-
sification within the molecular subgroups in EC.

2.5. Statistical analysis
The molecular subgroups were compared with the dichotomous

clinicopathological characteristics using the y? or Fisher's exact test for
categorical data, and the non-parametric Mann-Whitney U test for
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continuous variables. Survival analyses were performed using Kaplan-
Meier curves and univariable and multivariable Cox-regression analysis.
Associations are shown as hazard ratio (HR), 95 % Cl and P-value. The in-
cluding covariates in multivariable analysis are the main known prog-
nostic biomarkers in EC. Myometrial invasion (MI) was excluded
because this is already included in FIGO stage. Disease-specific survival
(DSS) was defined as time from date of diagnosis to date of death by EC
all censored by date of last contact. Patients who died within 1 year of
survival were also included, due to this definition. The results were con-
sidered significant with P-value less than 0.05. Statistical Package for the
Social Sciences, version 27.0 (IBM, New York, NY, USA) was used for sta-
tistical analyses.

3. Results

In total, 978 patients with known and classifiable ER/PR IHC status
were available for molecular analysis. Only patients with a successful
molecular analysis were included, resulting in 747 EC patients. In
which 8 patients were excluded due to complete missing follow-up,
leading to a total of 739 patients included in this study (Flowchart Sup-
plementary Fig. S1). A baseline overview of each included cohort is
shown in Supplementary Table 1. The baseline characteristics of the en-
tire cohort are shown in Table 1. Median age was 65.0 (31.0-93.0) years,
median BMI 29.0 (15.8-66.2) kg/m? and median follow-up 60.0
(1.0-283.0) months. The number of patients with <1 year follow-up
(n = 36) consisted of patients who died due to EC (n = 24), died due
to other cause than EC (n = 5) or did the rest of their follow-up in an-
other hospital then they were operated (n = 7). Exclusion of these 7
cases did not affect results in the multivariable analysis (data not
shown). The majority of the patients revealed EEC histology 80.4 %
(N = 594), grade 1-2 EEC 53.5 % (N = 394) and FIGO stage I-11 75.5 %
(N = 558). A minority of patients were diagnosed with ER + PR expres-
sion 0-10 % or 90-100 % (respectively, 16.8 % (N = 124) and 17.1 %
(N = 126)). A total of 251 patients (34.0 %) were not aligned to one of
the three risk groups and classified as ‘discordant’. Most discordant
cases are located in patients with ER 20-80 % + PR 0-10 % expression
(13.4 %), and PR 20-80 % + ER 90-100 % expression (12.3 %) (data not
shown).

Tumors were classified as POLEmut in 9.1 % (N = 67), MMRd in
27.6 % (N = 204), p53mut in 20.8 % (N = 154), and NSMP in 42.5 %
(N = 314), in line with the original TCGA paper [11]. The majority
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Baseline.

Gynecologic Oncology 192 (2025) 15-23

Total
N =739

POLEmut
N = 67(9.1)

Patient characteristics

Age (years) 65.0 (31.0-93.0) 57.3 (34.0-93.3)

BMI (kg/m?) 29.0 (15.8-66.2) 27.6 (18.4-58.3)
Post-operative histology
Histology EEC 594 (80.4) 59 (88.1)
NEEC 145 (19.6) 8(11.9)
Grade 1-2 394 (53.3) 30 (44.8)
3 345 (46.7) 37 (55.2)
MI? <50 % 400 (54.1) 33 (50.0)
>50 % 332 (44.9) 33 (50.0)
LVSI No 474 (64.1) 37 (55.2)
Yes 265 (35.9) 30 (44.8)
Lymph nodes NO 231 (31.3) 31 (46.3)
N1 54 (7.3) 3(3.0)
Nx 454 (61.4) 34 (50.7)
FIGO stage® Early 558 (75.5) 60 (90.9)
Advanced 176 (23.8) 6(9.1)
Hormonal receptor expression
ER 0-10 142 (19.2) 16 (23.9)
20-80 354 (47.9) 36 (53.7)
90-100 236 (31.9) 15 (22.4)
PR 0-10 241 (32.6) 21(31.3)
20-80 344 (46.5) 39(58.2)
90-100 148 (20.0) 7(10.4)
ER + PR 0-10 124 (16.8) 13 (194)
20-80 238 (32.2) 29 (43.3)
90-100 126 (17.1) 6(9.0)
Discordant 251 (34.0) 19 (284)
Adjuvant treatment*®
None 287 (38.8) 24 (36.4)
Radiotherapy 247 (33.4) 25 (37.9)
Chemotherapy 77 (10.4) 8 (12.1)
Chemoradiation 122 (16.5) 9(13.6)
Outcome
Recurrence 198 (26.8) 4(6.1)
Mortality 216 (29.2) 8(11.9)
EC-related mortality 152 (20.6) 1(

MMRd p53mut NSMP P
N = 204 (27.6) N = 154 (20.8) N = 314 (42.5)
65.1 (42.0-87.0) 72.6 (35.0-93.0) 62.9 (35.0-88.0) <0.001*
29.1 (15.8-62.0) 28.4 (17.5-46.2) 29.6 (15.8-66.2) 0.142
187 (91.7) 57 (37.0) 291 (92.7) <0.001*
17 (8.3) 97 (63.0) 23 (73)
102 (50.0) 22 (14.3) 240 (76.4) <0.001*
102 (50.0) 132 (85.7) 74 (23.6)
107 (52.5) 75 (50.0) 185 (59.3) 0.172
97 (47.5) 75 (50.0) 127 (40.7)
115 (56.4) 78 (50.6) 244 (77.7) <0.001%
89 (43.6) 76 (49.4) 70 (22.3)
61 (29.9) 38 (24.7) 101 (32.2) 0.170
13 (64) 15(9.7) 20 (6.3)
129 (63.2) 101 (65.6) 190 (39.5)
154 (75.9) 87 (56.5) 257 (82.6) <0.001*
49 (24.1) 67 (43.5) 54 (17.4)
39 (19.5) 55 (36.2) 32(10.2) <0.001*
98 (49.0) 74 (48.7) 146 (46.6)
63 (31.5) 23 (15.1) 135 (43.1)
60 (29.7) 101 (66.9) 59 (18.8) <0.001*
108 (53.5) 38 (25.2) 159 (50.8)
34 (16.8) 12 (7.9) 95 (30.4)

30 (14.7) 54 (35.1) 27 (8.6) <0.001*
69 (33.8) 29 (18.8) 111 (35.4)
29 (14.2) 10 (6.5) 81(25.8)
76 (37.3) 61 (39.6) 95 (30.3)
75 (36.9) 46 (30.1) 142 (45.7) <0.001*
73 (36.0) 35 (22.9) 114 (36.7)
19 (9.4) 34(22.2) 16 (5.1)
36 (17.7) 38 (24.8) 39 (12.5)
58 (29.1) 72 (51.4) 64 (20.5) <0.001*
57 (27.9) 83 (53.9) 68 (21.7) <0.001*
38 (19.4) 67 (45.3) 46 (14.9) <0.001*

Data is presented in number (%), median (IQR).

Abbreviations: N, number; POLEmut, polymerase epsilon mutant; MMRd, mismatch repair deficient; p53, protein 53; NSMP, No specific molecular profile; EEC, endometrioid endometrial
cancer; NEEC, non-endometrioid endometrial cancer; LVSI, lympho-vascular space invasion; NO, negative lymph nodes, N1, positive lymph nodes; Nx, no information about the lymph
nodes; FIGO, International Federation of Gynecology and Obstetrics, ER, estrogen receptor; PR, progesterone receptor; EC, endometrial cancer.

@ Missing data for 7 cases MI, 5 cases for FIGO stage, 6 for adjuvant treatment.
* P<0.05.

of patients within the POLEmut, MMRd and NSMP subgroups had
EEC histology (respectively, 88.1 %, 91.7 %, 92.7 %), whereas the major-
ity of patients within the p53mut subgroup had NEEC histology
(63.0 %).

3.1. Outcome ER or PR expression

Figure 2A-E shows the 5-year DSS curve of the three-tiered ER risk
classification within the entire cohort and the molecular subgroups. In
the entire cohort, patients with ER 90-100 % expression showed a sig-
nificantly better DSS when compared to ER 20-80 % (P < 0.001) and
ER0-10% (P < 0.001). Patients with ER 20-80 % had a significant higher
5-year DSS compared to ER0-10 % (P < 0.001) (Fig. 2A). Across all mo-
lecular subgroups, patients with ER 90-100 % expression showed the
most favorable 5-year DSS (Fig. 2B-E). Within POLEmut EC, patients
with ER 90-100 %, 20-80 % and 0-10 % revealed no significantly differ-
ent 5-year DSS (respectively, 100.0 %, 100.0 % and 92.0 %) For MMRd tu-
mors, patients with ER 90-100 % and 20-80 % or 0-10 % revealed
significantly different 5- year DSS (respectively, 96.0 % vs 80.0 % P =
0.017 and 96.0 % vs 71.0 % P = 0.002) (Fig. 2C). Within patients with
p53mut no significant dlfferences in 5-year DSS were found between
the three ER subgroups (Fig. 2D). Within NSMP tumors, patients with
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ER 0-10 % had an significant worst 5-year DSS of 48.0 % compared to
ER 90-100 % (96.0 %, P < 0.001) and compared to ER 20-80 % (88.0 %,
P < 0.001)). (Fig. 2E).

Figure 3A-E shows the 5-year DSS curve of the three-tiered PR risk
classification within the entire cohort and the molecular subgroups. In
the entire cohort, patients with PR 90-100 % expression showed a sig-
nificantly better DSS when compared to PR 20-80 % (P = 0.003) and
PR0-10% (P < 0.001). Patients with ER 20-80 % had a significant higher
5-year DSS compared to ER 0-10 % (P < 0.001) (Fig. 3A). Across all mo-
lecular subgroups, patients with PR 90-100 % expression showed the
most favorable 5-year DSS and PR 0-10 % the worst (Fig. 3B-E). Within
POLEmut and MMRd tumors, no significant different 5-year DSS was re-
vealed within the three subgroups of PR expression (Fig. 3B-C). Patients
with p53mut EC and PR 90-100 % had a 5-year DSS of 100 %, this was
significantly different compared to PR 20-80 % (62.0 %, P = 0.032)
and PR 0-10 % (48.0 % P = 0.006) (Fig. 3D). Within NSMP tumors, pa-
tients with PR 90-100 % had an excellent 5-year DSS of 98.0 %, for PR
20-80 % the 5-year DSS was 88.0 % and PR 0-10 % showed the worst
5-year DSS of 56.0 %. All were significantly different from each other
(Fig. 3E).

Across all molecular subgroups, PR 0-10 %, p53mut, lympho-
vascular space invasion (LVSI) and FIGO stage III-IV remained
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Fig. 2. A. 5-year disease-specific survival (DSS) of the ER three-tiered risk model within the entire cohort. B. 5-year DSS of the ER three-tiered risk model within POLEmut patients. C. 5-year
DSS of the ER three-tiered risk model within MMRd patients. D. 5-year DSS of the ER three-tiered risk model within p53mut patients. E. 5-year DSS of the ER three-tiered risk model within
NSMP patients.

Abbreviations: ER, estrogen receptor; POLE, Polymerase epsilon; MMRd, Mismatch repair deficient; TP53, p53mut, p53-mutant; NSMP, No-specific molecular profile.
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Fig. 3. A. 5-year disease-specific survival (DSS) of the PR three-tiered risk model within the entire cohort. B. 5-year DSS of the PR three-tiered risk model within POLEmut patients. C. 5-year
DSS of the PR three-tiered risk model within MMRd patients. D. 5-year DSS of the PR three-tiered risk model within p53mut patients. E. 5-year DSS of the PR three-tiered risk model within

NSMP patients.

Abbreviations: PR, progesterone receptor; POLE, Polymerase epsilon; MMRd, Mismatch repair deficient; TP53, p53mut, p53-mutant; NSMP, No-specific molecular profile.
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Table 2
Cox regression univariable and multivariable analysis disease-specific survival (DSS).

Gynecologic Oncology 192 (2025) 15-23

Variable Univariable Multivariable

141 events

HR (95 % CI) Pvalue
ER cutoff
ER0-10 % 2.16 (1.51-3.08) <0.001 1.20 (0.80-1.79) 0.378
ER 20-80 % 1 1
ER 90-100 % 0.41 (0.24-0.69) <0.001 0.82 (0.48-1.41) 0.463
PR cutoff
PRO-10 % 3.09 (2.19-4.35) <0.001 1.61 (1.04-2.49) 0.030*
PR 20-80 % 1 1
PR 90-100 % 0.34 (0.16-0.71) 0.005 0.41 (0.17-0.95) 0.039*
Molecular subgroup
POLEmut 0.09 (0.01-0.65) 0.017* 0.06 (0.00-0.50) 0.006*
MMRd 1.37 (0.89-2.10) 0.154 0.79 (0.49-1.26) 0.327
p53mut 4.09 (2.81-5.97) <0.001* 1.55 (1.00-2.40) 0.046*
NSMP 1 1
LVSI
No 1 <0.001* 1 0.025*
Yes 4.14 (2.96-5.78) 1.65 (1.07-2.57)
FIGO
Stage [-1I 1 1 <0.001*
Stage III-IV 6.17 (4.45-8.55) <0.001* 2.32 (1.50-3.60)
Adjuvant treatment
None 1 1
Radiotherapy 1.72 (1.04-2.86) 0.035* 1.38 (0.81-2.34) 0.231
Chemotherapy 9.28 (5.65-15.23) <0.001* 2.25(1.21-4.17) 0.010*
Chemoradiation 4.27 (2.57-7.09) <0.001* 1.46 (0.80-2.64) 0.216

Abbreviations: DSS, disease-specific survival; EC, endometrial cancer; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR., progesterone receptor; POLEmut, polymerase
epsilon mutant; MMRd, mismatch repair deficient; p53, protein 53; NSMP, No specific molecular profile; LVSI, lympho-vascular space invasion; FIGO, Federation International of Gyne-

cology and Obstetrics.

independent prognostic for reduced DSS. Whereas PR 90-100 % and
POLEmut remained independent prognostic for improved DSS (Table 2).

3.2. Outcome ER + PR expression combined

Supplementary Fig. S2A-E shows the 5-year DSS curve of the three-
tiered ER + PR combined risk classification within the entire cohort and
the molecular subgroups. The 5-year DSS was significantly different be-
tween the three ER + PR risk classification groups (Supplementary
Fig. S2A). Patients with p53mut EC and ER + PR 90-100 % had a
5-year DSS of 100 %, and patients with ER + PR 20-80 % and 0-10 %
had comparable outcome as ER + PR 0-10 % (respectively, 55.0 % and
44.0 %). The 5-year DSS between ER + PR 0-10 % and 90-100 % was sig-
nificantly different (Supplementary Fig. S2D). Within NSMP tumors, pa-
tients with ER + PR 90-100 % had an excellent 5-year DSS of 98.0 %, for
ER + PR 20-80 % the 5-year DSS was 84.0 % and ER + PR 0-10 % showed
the worst 5-year DSS of 43.0 %. All were significantly different from each
other (Supplementary Fig. S2E). In the entire cohort and within
POLEmut, MMRd and NSMP subgroup, the patients grouped as ‘discor-
dant’, showed comparable outcomes as patients with ER + PR
20-80 % expression, Within p53mut EC the outcome was in line
with the outcome of ER + PR 0-10 % expression. (Supplementary
Fig. S2A-E).

Across all molecular subgroups and ER + PR risk groups, ER + PR
0-10 %, p53mut, lympho-vascular space invasion (LVSI) and FIGO
stage III/IV remained independent prognostic factors for reduced DSS.
ER + PR 90-100 % and POLEmut were independent prognostic factors
for improved DSS (Supplementary Table S2).

4. Discussion

In this large retrospective multicenter cohort study we confirmed
the relevance of using a three-tiered ER/PR risk classification that

refined the prognostic relevance across the molecular subgroups.
Among all molecular subgroups, patients with ER/PR 90-100 % expres-
sion revealed the best 5-year DSS. Interestingly, patients with PR
90-100 % and with p53mut EC revealed an excellent 5-year DSS. In mul-
tivariable analyses, PR 0-10 % was an independent prognostic factor for
reduced DSS and PR 90-100 % an independent prognostic factor for
improved DSS. Combining ER + PR, 0-10 % ER + PR expression was
an independent prognostic factor for reduced DSS, while ER + PR
90-100 % for improved DSS.

In EC, numerous studies have already shown the importance of ER
and PR expression in relation to predicting LNM and outcome, regard-
less of risk class [5-7,14,25]. However, no uniform cutoff is applied
within EC. In an earlier study, we defined a three-tiered risk classifica-
tion for ER/PR expression to improve prognostication specifically in pa-
tients with EC[10]. The current study confirmed the additional value of
using this three-tiered risk classification when compared to the com-
monly used cutoff of 1 % or 10 %.

The relevance of ER/PR expression within all molecular subgroups
was not fully elucidated until this study. Comparable to our data, early
studies observed higher PR expression within the NSMP subgroup and
low PR expression in p53mut tumors [11,17]. In addition, our study
shows the relevance of hormonal biomarkers within the MMRd,
p53mut and NSMP subgroups. Vermij et al. confirmed the significance
of ER status within the NSMP high-risk EC. Comparable to our study, pa-
tients with ER expression <10 % showed the worst outcome compared
to ER >10 %. Contrary to our findings, they found no prognostic impact
of ER in the other molecular subgroups (especially MMRd) which might
be explained by their cut-off of 1-10 % [15]. Jamieson et al. used ER and
tumor grade to subclassify the NSMP subgroup. Low-risk NSMP was
identified as low-grade EC and ER >1 % with favorable outcome, and
high-risk NSMP as high-grade EC and ER <1 % expression with unfavor-
able outcome [16]. Which confirms the relevance of ER within the NSMP
subgroup. Our study revealed also the additional relevance of PR
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expression within the NSMP and p53mut subgroup, contrary to the
other studies which might again by explained by the use of a three-
tiered risk classification [15]. Interestingly, patients with p53mut EC
and PR 90-100 % expression showed an excellent 5-year DSS of 100 %,
since all these patients had EEC histology, the importance of both mor-
phology and IHC in addition to molecular subgroups within EC is illus-
trated. Patients within p53mut or NSMP EC and PR 0-10 % show the
worst outcome. Early studies indicated that PR <10 % expression was
predominantly present in the ‘advanced/metastatic’ ESGO risk group
and predicting disease recurrence in patients and increased risk of
death. This is in line with our findings in multivariable regression anal-
ysis, were PR expression 0-10 % is more correlated with decreased DSS
compared to ER expression 0-10 %. Due to the used cutoffs for ER and PR
of 1% or 10 % the prognostic relevance within the molecular subgroups
might have been underestimated when compared with the three-tiered
ER/PR risk classification in our study [15,17].

In clinical practice generally both ER and PR IHC expression are de-
termined, therefore, understanding the prognostic relevance of both
ER/PR expression within the molecular subgroups is interesting. Early
studies indicated that both ER/PR provide additional prognostic infor-
mation, comparable with our study [5,7,10,17]. Combining ER + PR
shows ER + PR 0-10 % as an independent prognostic marker for re-
duced DSS and ER + PR 90-100 % as an independent prognostic marker
for improved DSS. Combining ER + PR expression within the three-
tiered risk classification will create a remaining subgroup, in this
paper classified as discordant. For clinical practice, when the ER + PR
subgroup is discordant in patients with POLEmut, MMRd or NSMP EC,
the prognosis is in line with an intermediate prognosis. Within
p53mut, the prognosis is in line with decreased prognosis (comparable
to high risk 0-10 % expression). This decreased prognosis for the discor-
dant group within patients with p53mut, is likely due to more patients
with PR 0-10 % (78 %) compared the other molecular subgroups. This is
in line with our previous conclusion, showing the relevance of PR ex-
pression within the p53mut subgroup.

The strengths of this retrospective study are the large number of in-
cluded cases from multiple centers, including ER and PR immunohisto-
chemistry and representing all tumor grades and FIGO stages. Second,
by including ER/PR expression both and combined these results are
highly relevant for clinical practice Furthermore, this is the first study
to analyze a three-tried ER/PR risk classification within all molecular
subgroups.

Some limitations need to be addressed. First, the mortality rate of
POLEmut patients is low, possibly hampering interpretation on the im-
pact of ER/PR expression within this specific subgroup. Second, techni-
cal allocation of the molecular subgroups differed slightly. However,
either full NGS or use of ProMiSe criteria (combination of NGS and
[HC) are repeatedly validated as comparable techniques and represen-
tative for the daily practice in Europe and Canada [26,27]. Third, a rela-
tive high amount of patients were excluded due to unsuccessful
molecular profiling, perhaps as an result of using older archival tumor
samples for DNA testing, furthermore patients who did the rest of
their follow-up within other hospitals (n = 7) were included, however
exclusion of these 7 cases did not affect results in the multivariable anal-
ysis. Fourth, race or ethnicity has not been reported in our study. Al-
though we fully agree that these patients' information might be
impact outcome in several diseases [28], within Europe it is not rou-
tinely documented in patient files [29]. Fifth, using patients between
1994 and 2019 could have biased the survival because of different treat-
ment strategies over the time. However, the death caused by EC has not
been reduced or increased over the 25 years in our study cohort (data
not shown), therefore we believed this has not biased our results. Finally,
according to the ProMiSe criteria the order of molecular subgroup allo-
cation within the Vancouver cohort is different compare to the original
TCGA cohort, in which MMRd testing is followed by POLE testing
[11,13]. The distribution of MMRd that also include POLEmut varies, pa-
tients with POLEmut and MMRd have comparable prognosis to POLEmut
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[30]. Therefore a different allocating order could bias the outcome.
However, in the original ProMiSe cohort, no MMRd patients are present
with also POLEmut. Within the cohorts from the ENITEC centers the
order of molecular testing was in line with the original TCGA cohort
[10,11,18,19].

This study demonstrates the prognostic importance of ER and PR
biomarkers within the era of molecular profiling and the relevance of
a three-tiered risk classification. To validate the newly proposed cutoff
a large prospective multicenter trial should be performed. Future pro-
spective studies need also focus on response to hormonal treatment
within the molecular subgroups, analysis the relevance of ER/PR bio-
markers in advanced stage and within adjuvant treatment including
patterns of recurrence. Currently, an international randomized control
trial has been started to refine the adjuvant treatment in endometrial
cancer based on molecular features (RAINBO trial), in which one arm
includes patients with NSMP EC (ClinicalTrials.gov Identifier:
NCT05255653). Patients with ER positive expression will receive RT
and hormonal treatment. However, only the presence of ER expression
is part of the inclusion criteria, and the cutoff for positivity is not speci-
fied. Furthermore, in order to increase response to hormonal treatment,
a different cutoff for ER and PR might be indicated as suggested by a
recent paper in which a cutoff of 50 % was suggested [31].

5. Conclusion

Our study demonstrated the prognostic relevance of ER and PR ex-
pression within the molecular subgroups of patients with EC and that
the use of a three-tiered risk classification refines prognostication.
These data support incorporating routine evaluation of ER/PR expres-
sion in clinical practice.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2024.10.028.
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