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This article is an open access article ~ Simple Summary: Oestrogen and progesterone are two sex hormones that are important in the
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to the oestrogen receptor (ER) and progesterone to the progesterone receptor (PR). The presence of
these receptors is important because the response to hormonal therapy is higher when the receptors
are present. However, as EC grows and spreads throughout the body, ER and PR may be lost. In this
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study, we found that tumours that have spread to other organs throughout the blood and tumours
that have spread in the abdomen have a relatively high presence of ER/PR, while tumours located
in the lymph nodes have a lower presence of PR. ER/PR-IHC were not lower in tumours that had
previously been treated with radiotherapy. This might influence the application of hormonal therapy
in the future.

Abstract: Background: Response to hormonal therapy in advanced and recurrent endometrial cancer
(EC) can be predicted by oestrogen and progesterone receptor immunohistochemical (ER/PR-IHC)
expression, with response rates of 60% in PR-IHC > 50% cases. ER/PR-IHC can vary by tumour
location and is frequently lost with tumour progression. Therefore, we explored the relationship
between ER/PR-IHC expression and tumour location in EC. Methods: Pre-treatment tumour biopsies
from 6 different sites of 80 cases treated with hormonal therapy were analysed for ER/PR-IHC
expression and classified into categories 0-10%, 10-50%, and >50%. The ER pathway activity score
(ERPAS) was determined based on mRNA levels of ER-related target genes, reflecting the actual
activity of the ER receptor. Results: There was a trend towards lower PR-IHC (33% had PR > 50%)
and ERPAS (27% had ERPAS > 15) in lymphogenic metastases compared to other locations (p = 0.074).
Hematogenous and intra-abdominal metastases appeared to have high ER/PR-IHC and ERPAS (85%
and 89% ER-THC > 50%; 64% and 78% PR-IHC > 50%; 60% and 71% ERPAS > 15, not significant).
Tumour grade and previous radiotherapy did not affect ER/PR-IHC or ERPAS. Conclusions: A trend
towards lower PR-IHC and ERPAS was observed in lymphogenic sites. Verification in larger cohorts
is needed to confirm these findings, which may have implications for the use of hormonal therapy in
the future.

Keywords: endometrial cancer; hormone receptor; tumour location

1. Introduction

Endometrial cancer (EC) is the most frequent malignancy of the female genital tract
in industrialised countries [1]. The incidence of EC is increasing due to risk factors such
as prolonged life expectancy and obesity [2]. Most women are diagnosed with EC at
an early stage, resulting in a favourable prognosis with a 5-year survival rate of 80-90%
[3,4]. However, a minority of patients diagnosed with advanced or metastatic EC have
a significantly worse outcome, with a 5-year survival rate of only 19% [4]. Up to 20%
of patients will develop local recurrence or metastatic disease [3-7]. Curative treatment
options for metastatic EC are limited to women who only have locoregional metastases or
isolated metastases [1,8,9]. For women with more advanced disease, only palliative options
remain and are limited to the following: chemotherapy and hormonal therapy (HT) or
novel therapies, including immunotherapy and other targeted treatment options [9-11].

Both response rate (RR) and toxicity are important in determining the most suitable
systemic therapy for a patient. Chemotherapy with carboplatin/paclitaxel yields an RR
of 60% and a progression-free survival of about 13 months. However, it is associated
with serious toxicity in at least 35% of patients [1,12-16]. The addition of immunotherapy
to chemotherapy in women with mismatch repair-deficient tumours increased for the
12-month progression-free survival from 38% to 74% [17]. However, toxicity was also
increased compared with the chemotherapy alone group [17]. Hormonal therapy shows
an RR of 20-40% in unselected patients, but in responders, it can provide a durable effect
lasting several years with minimal side effects [18-23].

Unopposed oestrogen exposure plays a pivotal role in EC development. In the normal
endometrium, as well as in endometrial cancer, progesterone counteracts oestrogen-induced
proliferation and tumour growth. However, it is currently not completely clear if oestrogen
is responsible for tumour growth in all ECs, making the application of progesterone
potentially ineffective. Immunohistochemical expression of the oestrogen receptor and
progesterone receptor (ER/PR-IHC) is a well-established predictive biomarker for response
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to hormonal therapy, with the highest RR in patients expressing both ER and PR [19,23-26].
However, ER-IHC does not necessarily reflect ER activity [27,28]. Besides this, receptor
status is still not routinely assessed prior to treatment, and there is no consensus on the
optimal cut-off value for hormone receptor positivity (ER/PR) in EC [20,21,29]. In addition,
the molecular classification has further challenged the position of hormonal therapy [30-33].

The Prediction of Response to Hormonal therapy in advanced and recurrent Endome-
trial Cancer (PROMOTE) study showed an association between the ER, PR and ER pathway
activity (ERPAS) and the outcome [24,28]. The response was only observed in patients
with a pre-treatment tumour expression of ER/PR > 50%. In the group with a tumour
expression of PR > 50% and ERPAS > 15 an RR of 57.6% was achieved. However, there was
considerable variability among the samples in terms of tumour location and expression
profile.

Primary well-differentiated tumours are typically sensitive to hormonal therapy; how-
ever, they may lose their hormone sensitivity over time andin response to applied adjuvant
treatment such as radiotherapy and/or chemotherapy [34-39]. Changes in hormone recep-
tor expression from primary tumours to metastases have been reported in up to 50% of
cases [35-37]. As metastases often exhibit heterogeneity compared to the primary tumour,
the reassessment of hormone receptor status within metastases is recommended [23,34-36].
The analysis of ER/PR-IHC expression and ERPAS at different tumour locations can im-
prove the understanding of cancer spread and help refine patient selection for hormonal
therapy [33]. Therefore, we evaluated ER/PR-IHC expression and ERPAS between different
tumour locations in advanced and recurrent EC collected in the PROMOTE-study [24].

2. Materials and Methods
2.1. Design and Setting

The current study used samples collected from patients in the PROMOTE-study [24].
Patients were included if they were treated with any type of hormonal therapy for advanced
or recurrent EC and an available pretreatment tumour biopsy was required. Concurrent
therapy was not permitted, and a minimum of 6 months of documented follow-up after
the initiation of hormonal treatment was required. Patients receiving hormonal therapy
for other indications, patients receiving adjuvant hormonal therapy, and patients with
endometrial (stromal) sarcoma were excluded. All participating centres obtained approval
from the institutional review board or national ethics committee approval and obtained
patient consent according to local regulations. The Radboudumc Institutional Review
Board approval number was 2017-3803.

2.2. Patients

Baseline characteristics, including the patient characteristics age, BMI, and the tumour
characteristics histology and grade (grade 1-2: low grade; grade 3: high grade), FIGO stage,
and biopsied tumour location, were retrieved from patient records. Primary surgical treat-
ment was classified as hysterectomy with bilateral salpingo-oophorectomy, with or without
lymph node dissection. Some patients received (adjuvant) radiotherapy or chemotherapy.
Radiotherapy could include either vaginal brachytherapy (VBT) and/or external beam
radiotherapy (EBRT). All types of hormonal therapy were included (progestin, tamoxifen,
aromatase inhibitor). Details of the hormonal therapy used, including type and dosage,
were documented.

2.3. Tumour Locations

All biopsied tumour sites were classified according to the hypothesised route of cancer
spread based on the study by Kurra et al. [40] as follows:

Uterine biopsies from patients with advanced EC (cervix, uterus);
Lymphogenic tumour location (inguinal lymph node, para-aortic lymph node, pelvic
lymph node, supraclavicular lymph node);

e Hematogenous tumour location (liver, lung);
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e Intra-abdominal tumour location (colon, peritoneum, omentum);
e  Port-site tumour location (surgical scar, umbilical cord);
e  Vaginal vault tumour location from recurrent EC patients.

2.4. Immunohistochemical Staining and Scoring

The immunohistochemical (IHC) analysis of ER and PR expression was performed
on 4 pum tumour-containing sections of formalin-fixed paraffin-embedded (FFPE) tumour
blocks [27]. Additional details, including the antibodies used, are provided in Supplemen-
tary Text S1 [24]. Two investigators (WvW and JB) independently assessed the percentage
of tumour cells expressing nuclear ERx and PR (Figure 1). In the case of a disagreement,
the final score was determined in a consensus meeting. Both reviewers were blinded to the
clinical and pathological data.
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Figure 1. Microscopic immunohistochemical oestrogen and progesterone receptor staining and
scoring. Representative examples of immunohistochemical analyses of oestrogen and progesterone
receptor (ER/PR-IHC) and percentage of tumour cells expressing nuclear ERx and PR.

2.4.1. RNA Isolation

The tissue of interest was micro- or macrodissected from two consecutive 10 um FFPE
sections. Subsequently, RNA was then extracted using the miRNeasy FFPE kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instructions and as fully described in
Supplementary Text S1.

2.4.2. ER Pathway Activity Test

A knowledge-based Bayesian computational model, previously shown to have pre-
dictive value in breast cancer, was used to assess ER pathway activity, as outlined in
Supplementary Text S1 and Supplementary Figure S1. [24]. Briefly, the model utilises the
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mRNA expression levels of ER target genes measured in tissue samples, estimated by
InnoSIGN using OncoSIGNal™ (Philips Molecular Pathway Diagnostics, Eindhoven, The
Netherlands) to infer the probability of a transcriptionally active ER transcription. A score
of 0 indicates the lowest odds of pathway activity, while 100 represents the maximum odds
inferred by the model.

Institutional review boards at all participating centres approved the study prior to
initiation. In accordance with the code of conduct for the responsible use of human tissue
in medical research, patient consent was not required for this study [41].

2.5. Outcome Measures

The primary outcome was defined as ER-IHC and PR-IHC expression and ERPAS
according to the route of cancer spread [40]. In the PROMOTE-study, cut-offs for ER-IHC,
PR-IHC and ERPAS were defined based on response. This resulted in three different
categories for ER-IHC and PR-IHC: <10%, >10-50% and >50%. For ERPAS, this resulted in
two different categories: <15 and >15. [24]

2.6. Statistical Analysis

Clinical and pathological parameters of the different tumour locations were compared
using Pearson x? for categorical variables, and the Kruskal-Wallis test was used for contin-
uous variables due to non-normal distribution of age, BMI, ER-IHC, PR-IHC and ERPAS
in all subgroups, assessed by the Shapiro-Wilk test. Post hoc analysis with Bonferroni
correction was performed for significant differences identified by the Chi-square test.

Differences in receptor status and pathway activity between uterine biopsies and other
locations, as well as between lymphogenic and other locations, were assessed using Fisher’s
exact test with cut-offs of 10% and 50% for ER-IHC and PR-IHC and a cut-off of 15 for
ERPAS due to low expected cell counts.

Fisher’s exact test was used to compare immunohistochemistry and ERPAS between
the uterine biopsies of advanced EC and metastasis/recurrence at different locations.

Differences in receptor status and pathway activity between the samples with and
without prior applied radiotherapy in the vaginal vault samples were analysed using the
independent samples t-test or the Mann—-Whitney U test, depending on subgroup normality,
assessed by the Shapiro-Wilk test.

All tests were two-tailed, and p-values of <0.05 were considered significant. SPSS
(version 25.0 for Microsoft, SPSS Inc., Chicago, IL, USA) was used for statistical analyses.

3. Results
3.1. Patients

A total of 105 eligible patients were included in the PROMOTE-study (Figure 2). Due
to the exclusion of cases with insufficient tumour tissue (n = 15), biopsies during HT
(n =1), stage I/IL EC (n = 1), incomplete IHC analysis (n = 3), and HT were given to sites
other than the biopsied site (n = 5), and a total of 80 samples were included for analysis.
In two patients with recurrent EC, two different biopsies from two different sites were
included.

Clinicopathological data of the included patients (n = 80) are shown in Table 1. In
total, 54 (67.5%) patients were treated for recurrent EC and 26 (32.5%) for advanced EC. The
mean age of all patients was 71.9 years (SD = 9.6), and the mean body mass index (BMI)
was 30.4 (SD = 7.8). Most patients (n = 61, 82.4%) were diagnosed with grade 1-2 tumours,
and 13 were diagnosed (16.7%) with grade 3 tumours.
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r

Insufficient tumor tissue:
(n=15)

»| e No EC tumor tissue (n = 8)

e Not enough tissue for any
analysis (n=7)

\.

(Other reasons:
(n=5)
e Use of HT at moment

A\ 4

\ 4

biopsy (n=1)
e NostageIVEC(n=1)
L Incomplete IHC (n = 3)

Clinical and molecular
analysis feasible (n = 85)

-
. |HT for other location than

A 4

" | biopsied location (n = 5)
\

]

Included cases (n = 80)
e 77 cases ER-IHC-
analysis performed
e 78 cases PR-IHC
analysis performed

e 72 cases ER pathway

activity analysis

J

Figure 2. Patient inclusion. Identification of all women treated with any type of hormonal therapy for
advanced and recurrent EC from 2012 up to 2016 using a retrospective search of hospital databases. ER:
Oestrogen receptor, PR: progesterone receptor, IHC: immunohistochemistry, and HT: hormonal therapy.
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Table 1. Clinicopathological characteristics of included patients. SD: standard deviation, BMI: body mass index, EEC: endometrioid-type endometrial cancer, NEEC:
non-endometrioid endometrial cancer, ER: oestrogen receptor (0-100%), PR: progesterone receptor (0-100%), ERPAS: oestrogen receptor pathway activity score
(0-100%). Progestin therapy includes the following: medroxyprogesterone acetate and megestrol. Aromatase inhibitors include the following: letrozole, anastrazole
and exemestane. p-value: <0.05 is considered significant. * Biopsies from exclusively advanced EC patients. 2 available for 1 = 57, ® analysis for radiotherapy yes/no,
¢ analysis for chemotherapy yes/no, d analysis for progestin vs. tamoxifen/aromatase inhibitor therapy.

Total n° of Cases Uterine * Hematogenous Lymphogenic Intra-Abdominal Port-Site Vaginal Vault
p Value

n =280 n =12 (15.0%) n =14 (17.5%) n =12 (15.0%) n=29(11.3%) n=>5(6.3%) n =28 (35.0%)
Age (CI) 71.9 (70.0-74.1) 73.7 (65.6-81.7) 73.1(67.0-79.2) 70.8 (64.3-77.2) 67.2 (60.2-74.2) 71.0 (55.1-86.9) 72.6 (69.9-75.3) 0.650
BMI (CI) 30.4 (28.4-32.3) 29.3 (22.4-36.2) 32.8 (26.2-39.5) 29.2 (25.4-32.9) 33.5(27.1-39.9) 30.2 (19.041.3) 28.7 (25.1-32.4) 0.639
Tumor type
Recurrence 54 (67.5) 0(0) 11 (78.6) 3(25.0) 7(77.8) 5 (100) 28 (100) <0.001
Advanced 26 (32.5) 12 (100) 3(214) 9 (75.0) 2(22.2) 0(0) 0(0)
Grade ®
Grade 1-2 (%) 61 (76.3) 7 (58.3) 12 (85.7) 7 (58.3) 7(77.8) 3 (60.0) 25 (89.3) 0.118
Grade 3 (%) 13 (16.3) 4(33.3) 1(7.1) 4(33.3) 0(0) 1(20.0) 3(10.7)
Unknown (%) 6(7.5) 1(8.3) 1(7.1) 1(8.3) 2(22.2) 1(20.0) 0(0)
Histology
EEC (%) 76 (93.8) 11 91.7) 14 (100) 10 (83.3) 9 (100) 5 (100) 26 (92.9) 0.379
NEEC (%) 4 (5.0) 1(8.3) 0(0) 2(16.7) 0(0) 0(0) 1(3.6)
Mixed type (%) 1(1.3) 0(0) 0(0) 0(0) 0(0) 0(0) 1(3.6)
Previous therapy
Radiotherapy 33 (42.3) 0(0) 10 (76.9) 2(16.7) 2(22.2) 3(75.0) 16 (57.1) <0.001°
Chemotherapy 6(7.6) 0(0) 0(0) 1(8.3) 2(22.2) 0(0) 3(10.7) 0.346 ©
Drug type
Progestin 61 (76.3) 9(75.0) 13 (92.9) 9(75.0) 6 (66.7) 2 (40.0) 22 (78.6) 0.6224
Tamoxifen 8 (10.0) 1(8.3) 0(0) 2(16.7) 2(22.2) 1(20.0) 2(7.1)
Aromatase inhibitor 8(10.0) 2(16.7) 1(7.7) 1(8.3) 0(0) 0(0) 4(14.3)
Unknown 3(3.8) 0(0) 0(0) 0(0) 1(11.1) 2 (40.0) 0(0)
ER expression (mean %, SD)  77.3 (24.8) 78.5(23.2) 80.0 (29.2) 63.8 (31.7) 76.4 (30.0) 83.8 (16.0) 80.9 (17.7) 0.556
PR expression (mean %, SD)  49.5 (33.5) 54.2 (30.5) 52.9(35.1) 34.3 (36.5) 63.9 (28.6) 37.5(33.0) 49.5 (34.0) 0.578

ERPAS (mean %, SD) 162 (11.7) 20.3 (12.1) 163 (12.3) 11.0 8.7) 20.7 (9.2) 17.2 (14.6) 152 (12.4) 0.406
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3.2. Samples

The tumour biopsies are classified according to the route of cancer spread, illustrated
in Figure 3. Within all tumour locations, 12 biopsies (15%) were uterine biopsies from
patients with advanced EC. The remaining 78 biopsies (85%) were derived from tumour
locations with advanced stage (1 = 14) or recurrent EC (n = 54) with 14 hematogenous (17.5%),
12 lymphogenic (15.0%), and 9 intra-abdominal (11.3%). In addition, 5 biopsies were port-
site (6.3%), and 28 were vaginal vault biopsies (35.0%) (exclusively recurrent EC). A total of
33 biopsies were taken from patients who had previously received radiotherapy, either vaginal
brachytherapy (VBT) and/or external beam radiation therapy (EBRT). Sixteen biopsies were
taken outside of the radiation fields. As a result, 17 biopsies taken from locations within the
previously irradiated field (vaginal vault biopsies: n = 16, lymphogenic location: n = 1) were
included in this analysis. A total of 63 biopsies from non-irradiated sites were included.

Hematogenous (n=14) |- - - - ;- - -~ ) ) Lymphogenic (n = 12)
ER>50%: 85.3% B R R EEEEEEEE TR, ER>50%: 66.7%
PR>50%: 64.3% | = s------ : PR>50%: 33.3%

ERPAS>15: 60.0% ERPAS>15: 27.3%

Port-site (n=5) | /) A [\ @ NN\ Intra-abdominal (n = 9)
ER>50%: 100% . \ ER>50%: 88.9%
PR>50%: 50.0% PR>50%: 77.8%

ERPAS>15: 20.0% ERPAS>15: 71.4%

Vaginal vault (n=28) |
ER>50%: 92.3%
PR>50%: 51.9%

ERPAS>15: 51.9%

Uterine™ (n =12)
ER>50%: 83.3%
PR>50%: 75.0%

ERPAS>15: 58.3%

*Uterine biopsies from advanced stage
endometrial carcinoma patients

Figure 3. Tumour locations. All biopsied tumour locations were classified according to the hypothe-

sised route of spread based on an article by Kurra et al. [40].

3.3. Expression of ER/PR-IHC and ER Pathway in Relation to Pattern of Spread

Within the cohort, ER-IHC expression was assessed in 77 biopsies, with PR-IHC in
78 biopsies and ERPAS analysis in 72 biopsies. Within all biopsies, the mean ER-IHC
expression was 77.3% (n = 77), PR-IHC 49.5% (n = 78) and ERPAS 16.2% (n = 72) (Table 1).
The results of the ER/PR-IHC and ERPAS analysis are illustrated in Figure 4.
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C. ERPAS and biopsy location

Figure 4. Oestrogen (ER) and progesterone receptor (PR) immunohistochemistry (IHC) categories
and ER pathway activity score categories per sampled tumour location. The number and percentage
of patients in each category are shown on the labels. (A). ER-IHC expression was categorised as
<10%, 10-50%, and >50% in relation to tumour location. (B). PR-IHC expression categorised as <10%,
10-50%, and >50% in relation to tumour location. (C). ER pathway activity score with cut-off >15 (as
the previously identified optimal cut-off value in the PROMOTE study [24]). * Uterine biopsies from
patients with advanced-stage endometrial cancer.
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The ER-IHC expression was generally high in both uterine and metastatic locations
(Figure 4A). An absence of ER-IHC expression was found in three cases of hematogenous,
lymphogenic and intra-abdominal biopsies, respectively. Lymphogenic locations showed
the highest proportion of ER-IHC expression <50%, yet differences were not significant.

PR-IHC expression was high in uterine biopsies, with 75.0% (n = 9/12) of cases
showing >50% expression (Figure 4B). Among the other locations, lymphogenic locations
had the highest proportion of <50% PR-IHC expression, but this was not significantly
different from all other biopsies combined (p = 0.074). Intra-abdominal and hematogenous
locations had the highest percentage of PR-IHC > 50% (71.4%, n =5/7 and 69.2%, n = 9/13,
respectively).

A total of 58.3% of uterine biopsies were ERPAS > 15 (Figure 4C). Lymphogenic sites
were ERPAS-positive in 27.3% (n = 3/11) with port-site locations in 20.0% (1 = 1/5). This was
lower compared to other locations, although not significant (p = 0.294). ERPAS > 15 was the
highest in intra-abdominal (71.4%, n = 5/7) and hematogenous locations (60%, n = 6/10).

3.4. Expression of ER/PR-IHC and ER Pathway Activity in Relation to Tumour Grade

ER-IHC and PR-IHC expression was stratified by grade in all non-uterine locations
(n = 63/74, 85.1%), as shown in Figure 5A,B. There were no differences in ER/PR-IHC
expression between low- and high-grade EC. However, the numbers for high grades were
relatively low (ER-IHC n = 7/60, PR-IHC n = 7/61). The ERPAS was comparable for low-
and high-grade tumours, ERPAS > 15 in 50.0% (1 = 24/48) and 28.6% (n = 2/7), respectively
(X2 p = 0.289) (Figure 5C).

Although not significant, tumour biopsies from the lymphogenic locations tended to have
higher-grade tumours, with 36.4% (n = 4/11) having grade 3 tumours, of which only 50%
(n=2/4) had PR-IHC > 50% and 33.3% (1 = 1/3) had ERPAS > 15 (Supplementary Table S1).

Analysis of endometrioid endometrial cancer (EEC) versus non-endometrioid endometrial
cancer (NEEC) was not possible due to the small number of NEEC biopsies (1 = 4/80, 5.0%).

ER-IHC

O=50%
O=10-50%
W 10% or lower

Low grade High grade

A. ER-IHC and tumour grade in metastatic locations

Figure 5. Cont.
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Figure 5. Immunohistochemical analysis of oestrogen (ER) and progesterone receptor (PR) immuno-
histochemistry (IHC) and ER -pathway activity score in metastatic locations in relation to tumour
grade. Low grade: tumour grade 1 or 2. High grade: tumour grade 3. (A). ER-IHC expression
categorised as <10%, 10-50%, and >50%. (B). PR-IHC expression categorised as <10%, 10-50%, and
>50%. (C). ER pathway activity score with cut-off >15 (as the previously identified optimal cut-off
value in the PROMOTE study [24]).

3.5. Previous Radiotherapy and IHC

As shown in Figure 5, there was no difference in ER-IHC between samples with and
without prior RT (Figure 6A). PR-IHC > 50% occurred in 43.8% of samples from previously
irradiated samples (n = 7/16) compared to 61.3% of non-irradiated samples (1 = 38/62)
X% p = 0.329) (Figure 6B). Similarly, ERPAS > 15 was present in 43.8% of previously



Cancers 2024, 16, 2084 12 of 19

irradiated samples (n = 7/16) compared to 51.8% of non-irradiated locations (n = 29/56)
(X2 p = 0.571) (Figure 6C). These differences were not significant.
Figure 6: Radiotherapy at tumour locations with and without prior RT and ER/PR-IHC

and ERPAS.
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Figure 6. Cont.
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Figure 6. Inmunohistochemistry for oestrogen receptor (ER-IHC) (A) and progesterone receptor (PR)
(B) and oestrogen receptor pathway activity score (ERPAS) (C) in tumour locations with and without
prior radiotherapy (RT). Predetermined cut-offs of ER-IHC and PR-IHC (>50%, >10-50%, <10%) and
ERPAS > 15 are shown by the different categories (as the previously identified optimal cut-off value
in the PROMOTE study [24]).

4. Discussion

The primary objective of this study was to evaluate ER/PR-IHC expression and ER
pathway activity (ERPAS) in different tumour locations in a cohort of women treated with
hormonal therapy [24]. Overall, ER/PR-IHC expression was high at different tumour
locations. Interestingly, lymphogenic locations showed the lowest PR-IHC expression and
ERPAS activity of all locations, although these differences were not significant. There was
no difference in ER/PR-IHC expression or ERPAS between low- and high-grade EC. Finally,
prior radiotherapy did not affect ER/PR-IHC or ERPAS results.

Previous studies have shown that ER-IHC and PR-IHC are lower in metastases than
in primary tumours [36,42]. In one study, PR-IHC < 10% occurred significantly more
commonly in EEC metastases than in primary tumours, occurring in 65% and 14% of
tumours, respectively [35]. In non-endometrioid endometrial cancer (NEEC), PR-IHC loss
was seen in 65% of primary tumours and 94% of metastatic tumours [35]. Finally, the loss
of ER/PR-IHC in pre-operative endometrial biopsies has been reported to be associated
with lymphogenic tumour spread [5]. The distant metastases of EECs showed significantly
lower ER-IHC expression than intra-abdominal metastases [36,42]. Although metastases
may be heterogeneous compared to the primary tumour, 75% of patients with multiple
metastatic lesions show homogeneous PR-IHC expression in all metastases, whereas 25%
of cases show the heterogeneous loss of PR-IHC in at least one lesion [35].

4.1. Metastatic Locations and Immunohistochemical Expression

In our study, a relatively high overall percentage of ER/PR-IHC was present in
metastatic sites. Lymphogenic locations appeared to have lower PR-IHC expression and
ERPAS, whereas port-site locations showed average levels of PR-IHC > 50% and ERPAS
> 15% was very low. On the other hand, hematogenous and intra-abdominal locations
appeared to have higher PR-IHC and ERPAS. Since no differences in the proportions of
endometrioid and non-endometrioid, or in low-grade and high-grade tumours between
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these groups, were found, we hypothesise that differences in PR-IHC and ERPAS may
reflect different pathways of tumour progression and metastasis.

Loss of PR-IHC during cancer progression is known to correlate with markers of
aggressive disease and predicts poor survival [35,43]. Progesterone counteracts oestrogen-
induced effects, such as the promotion of proliferation and inhibition of apoptosis and
the modulation of the tumour suppressor function. Due to its strong tumour suppressor
function, the loss of PR-IHC has been shown to play a role in epithelial-to-mesenchymal-
transition (EMT) [44]. EMT is an important driver of cancer progression as it increases the
invasive and migratory capacity of cancer cells [43-45]. In non-progressive EC, intact pro-
gesterone signalling appears to be an important factor in stimulating immunosuppression
and inhibiting EMT [45]. Furthermore, the lower expression of PR-IHC in metastases com-
pared to the corresponding primary tumour suggests a role for PR-IHC loss in EMT [35,42].

The activity of the ER pathway, which has been extensively studied in breast cancer,
is relevant as it is associated with ER/PR expression by analysing the downstream RNAs
of ER-related target genes from which the actual oestrogen-induced tumour growth can
be inferred [27,28]. However, only a subset of ER-positive tumours actually has high ER
pathway activity, and levels of ER-IHC and ER pathway activity are poorly correlated
[27,28]. Therefore, the ER-IHC is not a sufficiently specific biomarker of functional ER
pathway activity [27,28]. By contrast, the ER pathway activity has shown a good correlation
with PR-IHC, suggesting an association between PR negativity and the inactivation of
oestrogen-responsive genes in tumour progression [24]. Furthermore, ERPAS was found
to be lower in patients with stage 1 EEC who developed a recurrence compared to stage
1 EEC cases without a recurrence, suggesting an association between ERPAS inactivation
and tumour progression [24,27,46]. Similar to breast cancer, low ERPAS is associated with
adverse outcomes [32].

We observed the lowest PR-IHC and ERPAS expression within lymphogenic and port-
site locations, in line with the literature, suggesting an association with EMT. Although not
significant, tumour biopsies from the lymphogenic locations tended to have higher-grade
tumours, which may partially explain the reduced hormone receptor expression profiles.
The loss of PR-IHC and ERPAS may reflect the involvement of EMT in lymphogenic
locations or be related to dedifferentiation. It is known that dedifferentiation can occur in
recurrent EC, leading to higher tumour grade and the loss of PR-IHV expression [34].

However, the loss of PR-IHC and ERPAS is not universally present in all metastases,
as suggested by higher levels of PR-IHC and ERPAS in hematogenous and intra-abdominal
locations. This may suggest that EMT is not the only mechanism driving metastases or that
EMT occurs in these lesions without PR-IHC and ERPAS loss.

4.2. Radiotherapy and ER/PR-IHC and ERPAS

Both EBRT and VBT are frequently applied in EC as adjuvant therapy for local con-
trol [7,47] or with curative intent in isolated vaginal vault recurrences [48,49]. Due to the
retrospective nature of this study and unclear radiation fields, this analysis mainly analysed
vaginal vault biopsies. When comparing ER/PR-IHC and ERPAS between irradiated and
non-irradiated biopsies, no significant differences were observed. There is limited literature
on endometrial activity or changes in IHC after radiotherapy. Soslow et al. suggested that
adjuvant RT does not alter hormone receptor expression in EC, which is consistent with
the results of this study [34]. Furthermore, some residual functional endometrium was
retained in cervical cancer treated with curative radiotherapy [50]. This implies that the
application of HT can be considered either before or after RT, depending on ER/PR-IHC,
which is also in line with our findings.

4.3. Strengths and Weaknesses

This study is the first analysis of ER/PR-IHC expression and ERPAS at different
tumour locations in patients with advanced and recurrent disease. Inherent to the retro-
spective character of this study, there are some limitations that need to be addressed. As
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the metastatic and recurrent tumour biopsies were not matched to the primary tumour,
comparisons within individual patients were not feasible.

Due to the inclusion criteria of the PROMOTE-study, in which only patients receiving
hormonal therapy were eligible, this cohort represents a selection of women with advanced
stage or recurrent EC. As a result, this cohort is characterised by relatively high ER/PR-
IHC expression and a relatively higher number of EECs. Only 13% of the biopsies were
high-grade tumours, compared to 40-50% reported in the literature [35]. The limited
number of cases included in this study hindered the power of the subgroup analysis to
draw significant conclusions. In addition, biopsies were taken from the most accessible
tumour location and, therefore, a small number of samples from more difficult locations
such as the lung, liver and lymph nodes could be included. However, this reflects daily
clinical practice. Finally, variability in the diagnostic process, treatment and follow-up
amongst patients further complicates interpretation. The relationship between ER/PR-
IHC end ERPAS, tumour location and response to HT would have been a good addition
to this study but was hampered by the RECIST criteria (Response evaluation criteria in
solid tumors), which only described the target lesion. Data on the response of the specific
biopsied location were, therefore, incomplete and not included in this study.

4.4. Clinical and Future Perspectives

The efficacy of hormonal therapy depends mainly on the percentage of PR-IHC ex-
pression in the tumour [19,24-26]. Therefore, it is important to acquire a biopsy from a
metastatic site prior to initiating hormonal therapy to assess receptor status, as changes in
receptor status may have occurred during the metastatic process. Based on the results of
this study, it appears that lymphogenic metastases may have lower PR-IHC expression and
ERPAS, potentially resulting in the lower efficacy of HT.

However, receptor status is not routinely assessed prior to the initiation of therapy.
Typically, tumour biopsies are obtained from the most accessible location, often the uterus,
in advanced EC. In lymphogenic locations, if HT is the preferred option, a lymphogenic
biopsy is indicated, although this can be challenging due to anatomical difficulties (blood
vessels, lymph nodes). In addition, the reliance on a single target lesion for the response
assessment according to the RECIST guidelines prompts consideration of whether the
biopsy should be obtained from this specific target lesion. Consideration should be given to
obtaining biopsies from multiple locations, as a single biopsy may not reflect ER/PR-IHC
and ERPAS from all metastases. This approach ensures the histological confirmation of ad-
vanced disease and clarifies potential tumour heterogeneity at metastatic sites, particularly
in cases of lymphatic spread, where PR-IHC loss is more common. Less invasive methods,
such as 18F-fluoroestradiol-PET (FES-PET), are also being investigated and may provide a
solution in difficult biopsy locations, such as lymphogenic locations.

The prospective analysis of ER/PR-ICH and ERPAS by tumour location and their
correlation with treatment response is essential to improve the selective use of hormonal
therapy in advanced and recurrent EC. In addition, ERPAS has been shown to be useful
in predicting response to hormonal therapy and in identifying hormone-driven tumour
growth in metastatic lesions, justifying its inclusion alongside IHC assessment [24].

These recommendations will be incorporated into the PROMOTE-Prospective study,
which aims to improve predictive biomarkers and patient selection in advanced and
recurrent EC. By tailoring the use of hormonal therapy based on refined clinical and
molecular criteria rather than solely on the experience of the treating physician, the use of
hormonal therapy in EC can be optimised, resulting in greater cost-effectiveness.

5. Conclusions

In this study, an overall high expression of ER/PR and ERPAS was observed across
different tumour locations. Comparing all tumour locations, there was a trend towards
lower expression in lymphogenic locations compared to other locations. This potentially
reflects the different mechanisms of cancer spread and may indicate reduced sensitivity to
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hormonal therapy. ER/PR-IHC expression was not significantly affected by tumour grade
or previous radiotherapy. Larger studies are needed to confirm the differences in hormone
receptor presence and activity between tumour locations and possible implications for
endometrial cancer treatment.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers16112084 /s1, Figure S1: Schematic representation of
ER pathway model network; Text S1: Complete protocol for IHC expression procedure and RNA
isolation; Table S1: Tumour grade, immunohistochemistry analysis, ER pathway activity score and
tumour locations.
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