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Abstract

Objectives: Older studies failed to establish a link between
estrogen receptor (ER) expression and pancreatic adeno-
carcinoma, with findings either statistically insignificant or
contradictory. The recent discovery of two distinct isoforms,
namely ER-α and ER-β, with potentially differential expres-
sion in various pancreatic cells and with radically different
effects, might explain preexisting contradictions. Therefore,
the identification of two new ER types necessitates a reas-
sessment of their role in the development and prognosis of
pancreatic adenocarcinoma. This study aimed to investigate
their differential expression in benign and malignant
pancreatic lesions.
Methods: A case-matched study was conducted comparing
benign and malignant pancreatic lesions in patients who
underwent surgery at University Hospital ‘Aretaieio’, a ter-
tiary referral centre for pancreatic disease. The expression
of ER-α and ER-β receptors was assessed by immunohisto-
chemistry and scored using two established scoring systems.
Data regarding age, gender, histological diagnosis, grade,
TNM stage, adjuvant treatment, follow-up, recurrence, and
survival were recorded, and respective correlations were
assessed.
Results: ER-αwas detected in 31.25 % of benign tumours but
not in anymalignant tumours (p=0.003). ER-βwas positive in

31.25 % of benign and 37.50 % of malignant tumours
(p=0.757). Disease-free survival (p=0.910) and overall sur-
vival (p=0.623) were similar between ER-β negative and ER-β
positive patients.
Conclusions: Pancreatic adenocarcinomas do not express
ER-α, whichmight explain the failure of earlier trials targeting
these receptors, but they do express ER-β at a considerable
rate. Differences in the expression of ER-α and ER-β can be
used to distinguish benign and malignant lesions. Moreover,
further studies delineating themolecular functionof ER-β and
assessing it as a potential therapeutic target can lead to
improved clinical outcomes.
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Introduction

While research in the field of oncology has led to a significant
improvement in survival from most types of malignancies,
pancreatic cancer mortality is slowly rising [1]. Despite the
advancements in surgical techniques and the technological
progress in the equipment used, which has led to minimizing
intra-operative tissue damage and postoperative complica-
tions, the overall mortality rate hasn’t been reduced accord-
ingly. On the contrary, survival is steadily and slowly
increasing in patients with cancer types originating from
other tissues [2]. Pancreatic cancer remains the third cause of
cancer-related mortality with a 5-year survival rate of 12 %
[3,4]. The first reason for the dismal prognosis of pancreatic
cancer is that only less than 20% of patients are diagnosed at
an operable stage, hence amenable to treatmentwith curative
intent [5], rendering timely diagnosis extremely important.

Early diagnosis is correlated with a broad understanding
of molecular patterns and pathways involved in the patho-
physiologic mechanisms surrounding disease progression.
The literature contains adequate data, contributing to the
understanding of the genetic background [6]. Most patients
are diagnosed with locally advanced or metastatic disease,
with systematic chemotherapy being their only option. The
second reason is that pancreatic cancer is a chemotherapy
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refractory disease, with minimal response even in modern
agents [7]. This implies a complexity at a molecular level,
which is interpreted as additional mechanisms contributing
to malignant transformation, despite the oncological effec-
tiveness of well-established drug compounds. These factors
underline the continuous need for investigation of new
prognostic markers and therapeutic targets for pancreatic
cancer. Since diagnostic imaging modality interpretation has
reached a peak level, attention should be drawn to deeper
basic science comprehension, as well as combined drug
therapies, which have already been proven efficient against
similar pathogenetic mechanisms in different diseases [8].

Expression of estrogen receptors (ER) in pancreatic
cells, including premalignant pancreatic lesions as well as
pancreatic cancer, generated optimism that a novel target
could have been discovered [9]. Unfortunately, subsequent
preclinical and clinical studies did not confirm the efficacy of
estrogen antagonists in the treatment of pancreatic cancer
[10–12]. Therefore, research interest in the field declined as
findings were considered conclusive. However, it recently
became apparent that there are two types of estrogen
receptors, demonstrating different expression in various
types of normal and malignant pancreatic cells, different
activity in terms of proliferation pathways and different
responses to treatment with classic anti-estrogens [13, 14].
The limitations of these studies included the small and het-
erogeneous patient groups, as well as an inadvertent focus
on ER-α. Small study sample neither allows extraction of
results with adequate power, nor appropriate case-control
matching of variables to further amplify the statistical sig-
nificance of the evidence [15]. Recent studies focusing on the
expression of the newest type of ER, namely ER-β, have
demonstrated a potential prognostic as well as therapeutic
role for the receptor [16, 17]. In fact, in a large-sample
retrospective study in postmenopausal women, hormone
replacement therapy was associated with a reduced risk of
pancreatic cancer [18]. Despite limitations such as the
inherent limitations of retrospective, cross-sectional study
design, limiting the generalization of results to other pop-
ulations and weakening causality, the results established
a connection between hormone therapy against estrogen
receptors and pancreatic cancer. Additionally, a study on
murine syngeneic tumour models and human xenografts
[19], suggested that G protein-coupled estrogen receptor
agonists may be useful against a range of cancers, including
those that are not classically considered sex hormone
responsive, and those that arise from tissues outside of the
reproductive system, such as pancreatic adenocarcinoma.
In mice, 17β-estradiol protects β-cell survival through ER-α
and ER-β via estrogen response element-independent, extra-
nuclearmechanisms, aswell asGPER-dependentmechanisms

[20]. Additionally, tamoxifen inhibited the proliferation of
β-cells in a dose-dependentmanner,with dramatic reductions
in β-cell turnover at the highest dose as demonstrated inmice
models by Ahn et al. [21].

As stated by Prossnitz et al. G protein-coupled estrogen
receptors hold the potential to become a diagnostic, prog-
nostic and therapeutic target in clinical medicine. One of
the suggested implementations concerns the repurposing
of licensed drugs. Such an effort is reflected in the ongoing
first-in-human clinical trial of the GPER-selective agonist G-1
[22, 23].

The recently published article by Liao et al. underlined
that progesterone receptors potentiate macropinocytosis
through CDC42 in pancreatic ductal adenocarcinoma [24]. To
meet their increased energy demands, cancer cells can inter-
nalize extracellular proteins via macropinocytosis. These data
deepen the understanding of how the endocrine system in-
fluences tumour progression via a non-classical pathway.
Additionally, they provide a novel therapeutic option for these
patients. Therefore, this study paves the way for future
research regarding estrogen receptors and highlights their
close interaction with progesterone receptors.

The present study primarily aimed to explore the differ-
ential expression profile of ER-α and ER-β, in benign and
malignant neoplasms of the pancreas, and secondarily to
correlate itwithoncological outcomes. Inaddition, it attempted
to offer a resolution for the existing disagreement in the rele-
vant available literature. Preliminary results of the studywere
presented as a poster at the 42nd Congress of the European
Society of Surgical Oncology (ESSO) in Florence, Italy, in 2023,
and the corresponding conference abstract was published in
the European Journal of Surgical Oncology (Lykoudis et al.,
EJSO, 50 (2), 107750) [25].

Materials and methods

Data collection

The archives of the 2nd Department of Surgery, University
Hospital “Aretaieio”, serving as a tertiary centre for hepato-
pancreato-biliary diseases, were searched. The records of
patients who underwent pancreatic resections from 2002 to
2011, with curative intent, were retrieved. Data regarding
age, sex, histological diagnosis, grade, and TNM stage were
recorded. The prospectively maintained database of the
affiliated clinical oncology clinic was accessed to record
respective adjuvant treatment, follow-up, recurrence, and
survival.

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Approval was
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granted on 09-04-2012 by the Bioethics Committee of the
University Hospital “Aretaieio” and the document ID is 6553.
Informed consent was provided by all patients in written,
with regard to data and tissue collection, maintenance and
processing for research purposes.

Matching

Two groups were defined based on histological diagnosis:
benign cystic lesions and pancreatic ductal adenocarci-
nomas. Manual case-matching was performed on a 1:2 ratio.
Criteria for matching were sex, age (±5 years) and neoplasm
size (±2 cm), as the most common parameters, currently
used to assess the likelihood of malignancy in pancreatic
lesions, prior to biopsy [26].

Immunohistochemistry

Corresponding formalin-fixed, paraffin-embedded archived
tissue and histopathology slides were retrieved. Sections
from the archived paraffin-embedded tumour tissues were
obtained and processed by the Ventana BenchMark GX
automatic immunostaining unit (Roche, Basel, Switzerland),
according to manufacturers’ instructions with appropriate
positive and negative controls. ER-α was assessed using the
SP1 rabbit monoclonal antibody (Biocare Medical, Pacheco,
CA, USA), at a dilution of 1:50. ER-β was assessed using the
EMR02 rabbit monoclonal antibody (Novocastra, Newcastle,
UK), at a dilution of 1:100. Evaluation was performed
according to the established semi-quantitative Immunore-
active Score (IRS) [12] as well as according to the semi-
quantitative Allred scoring system (AS) [13]. The monoclonal
antibodies for ER-α and ER-β were tested previously and
during the immunohistochemical staining using positive
and negative controls. For ER-α positive control was normal
mammary tissue. For ER-β positive control was prostatic
tissue. As for negative controls skin (epidermis) tissue was
used. For the histopathological evaluation, at least three
tissue blockswere tested. From these blocks, the onewith the
more representative features was used for immunohisto-
chemical staining. The typical nuclear staining pattern was
observed. The microscope used was the Olympus BX-43F
(Olympus Corporation, Tokyo, Japan).

Statistical analysis

Bivariate correlationswere assessed using Fisher’s exact test
for dichotomous categorical variables, chi-square for

categorical variables with more than two categories,
Spearman’s correlation for scale variables and log-rank for
timelines (disease-free and overall survival). Medians were
compared across groups using the Mann-Whitney U test for
dichotomous categorical variables and the independent
samples median test for categorical variables with more
than two categories. Progression-free and overall survival
were assessed using Cox regression analysis. A p-value of
less than 0.05 was considered statistically significant. Two-
tailed comparisonswere consistently usedwhere applicable.
Statistical analysis was conducted using IBM SPSS Statistics
version 25 (IBM Corp., Armonk, NY, USA).

Results

A total of 209 patients were identified, that underwent
pancreatic resection with curative intent over the examined
period. A benign lesion was identified in 22 of these, pancre-
atic adenocarcinoma was identified in 129 samples, while the
remaining 58 cases consisted of neuroendocrine neoplasms
(n=19), adenocarcinomas of enteric and biliary origin (n=25),
pancreatitis (n=11), pseudocyst (n=1) and two metastatic tu-
mours. Upon implementation ofmatching criteria, six cases of
benignpancreatic lesionswere excluded becauseof the size of
a tumour being too large to bematched (n=2, tumour size of 11
and 17 cm) or because of age too young to be matched (n=4,
age of 25, 27, 35 and 45 years). Relaxation of matching criteria
was tested, with age ±10 years and size ±5 cm, but again no
suitable matches were identified, even when looking for
matching of two out of three parameters. Thus, these cases
were excluded, and a total of 16 benign and 32 malignant
tumour cases were included for immunohistochemical
assessment. Table 1 presents the demographic characteristics
of the cohort and relevant subgroups, as well as thematching
quality of the finally examined groups of cases. Performed
surgical procedure was pancreatoduodenectomy in 30 cases
(62.50%), distal pancreatectomy in 15 cases (31.25 %) and total
pancreatectomy in 3 cases (6.25 %). The examined 16 cases of
benign lesions consisted of nine serous cystic neoplasms
(56.25 %), five mucinous cystic neoplasms (31.25 %) and two
cystic pseudopapillary neoplasms (12.50 %).

With regards to the 32 patients with pancreatic adeno-
carcinomas that were included in the immunohistochemical
assessment, two of them had a T2 disease (6.25 %), 28 had a T3
disease (87.50%) and two had a T4 disease (6.25 %). Seven
patients (21.88 %) had no positive lymph nodes and the
remaining 25 patients (78.13 %) were node-positive. Three pa-
tients (11.54%) did not receive adjuvant chemotherapy
because of comorbidity-related contraindications, while
the remaining 23 (88.46 %) received gemcitabine-based
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chemotherapy. Median follow-up was 11 months (range: 4–
60 months). Two patients were lost to follow up and four
remained disease-free until the last follow-up, 5 years after the
operation. All patients with recurrence eventually died of the
disease. Thus, excluding the two patients who were lost to
follow-up, the recurrence rate was 86.67 % and the survival
rate was 13.33 %. Median disease-free survival was 5 months
(range: 1–60 months) and median overall survival was
11 months (range: 4–60 months). Table 2 presents the main
characteristics of the included patients.

With regards to ER-α assessment, only five samples were
found positive (10.42%), and they were all benign tumours
(31.25 % of benign tumours). All malignant tumours were
negative for ER-α, demonstrating a statistically significantly
different expression between benign and malignant lesions
(p=0.003). With regards to ER-β assessment, there was good
concordance between the two assessment methods (Table 3).
Thirty-one caseswere identified as negative by bothmethods,
and there was no case defined as negative by only one
method. Fifteen cases were identified as weakly positive by
IRS and positive with a small chance of benefit by AS. Two
cases were identified as weakly positive by IRS and positive
with amoderate chance of benefit by AS. ER-β expressionwas
further analyzed as a binary variable (positive or negative)
since there was good concordance between the two methods
regarding negatives. A total of 17 tumourswere found positive
for ER-β (35.42 %), of which five were benign (31.25 % of
benign tumours) and 12weremalignant (37.50 % ofmalignant
tumours, Figure 1), which was not statistically significantly
different between the two groups (p=0.757). Focusing on
benign lesions, there was a statistically significant correlation
between the expression of the two receptors (p=0.013). One
lesion was positive only for ER-α, one lesion was positive only
for ER-β, 10 lesions were negative for both receptors and four
lesions were positive for both receptors. A similar statistically
significant correlation was found in the total of 48 examined

samples (p=0.047), where one lesion was positive only for
ER-α, 13 were positive only for ER-β, 30 lesions were negative
for both receptors and four were positive for both receptors.

Table : Demographics and case-matching details.

Full cohort Matched cases

Total (n=) Pancreatic adenocarcinomas
(n=)

Benign lesions
(n=)

Pancreatic adenocarcinomas
(n=)

Benign lesions
(n=)

p-Valuee

Agea  (–)  (–)  (–)  (–)  (–) .
Sexb  (.%)  (.%)  (.%)  (.%)  (.%) >.
Sizec . (.–.) . (.–.) . (.–.) . (.–.) . (.–.) .
Graded

I  (.%)  (.%)
II  (.%)  (.%)
III  (.%)  (.%)

aIn years, median (range); bfemale sex cases, n (percentage); cin cm, median (range); dn (percentage); ecomparison between case-match groups.

Table : Main characteristics of included patients.

Variable n (%)/median (range)

Sexa  (%)
Age, yearsb  (–)
Histology
Benign  (.%)
Malignant  (.%)

Tumour size (maximal diameter in cm) . (.–.)
Tumour gradec

I  (.%)
II  (.%)
III  (.%)

T stagec

  (.%)
  (.%)
  (.%)

n stagec

  (.%)
  (.%)

Type of operation
Pancreatoduodenectomy  (.%)
Distal pancreatectomy  (.%)
Total pancreatectomy  (.%)

Histological type
Serous cystic neoplasm  (.%)
Mucinous cystic neoplasm  (.%)
Cystic intraductal papillary mucinous neoplasm  (.%)
Adenocarcinoma  (.%)

Adjuvant chemotherapyc  (.%)
Follow-up (in months)b,c  (–)
Disease-free survival in monthsb,c  (, )
Recurrencec  (.%)
Overall survivalb,c  (–)

aFemale gender individuals, n (%); bmedian (range); creferring only to
malignant cases.
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The respective correlation for malignant lesions could not be
assessed since there were no ER-α positive malignant lesions.
None of the other histological parameters demonstrated a
statistically significant correlation with ER-β expression.
Disease-free survival and overall survival were similar be-
tween ER-β negative and ER-β positive patients (p=0.910 and
p=0.623 respectively).

Discussion

This case-matched study demonstrated a statistically signifi-
cantly different expression of ER-α between benign and ma-
lignant lesions of the pancreas, with approximately 31 % of
benign tumours being positive while all malignant tumours
were negative. No previous study has attempted such a com-
parison and studies on benign pancreatic lesions are mainly

case reports andvery small case series. The overall lack of ER-α
expression in malignant lesions of the pancreas is in line with
previousmedical literature [27]. Therefore, this study provides
further support to the theory that early studies for ER
expression in pancreatic cancer and early clinical trials with
tamoxifen for pancreatic adenocarcinomas failed because
they were designed to target mainly ER-α before ER-β was
described [28]. Moreover, in this study, 37.5 % of malignant
tumours were positive for ER-β. This finding is in accordance
with the recent study by Seeliger et al. [16], which reports a
respective rate of 31 % while a larger study from the same
research group reported a rate of over 60% [29]. While the
first study did not identify any statistically significant corre-
lation between ER-β expression and other histological or
clinical parameters, in accordance with present findings, the
second study demonstrated that ER-β expression and partic-
ularly phosphorylated ER-β was an independent prognostic
factor.

A recent review summarizes the current problems in
the incorporation of estrogen/progesterone receptors in the
management of pancreatic ductal adenocarcinoma and
postulates reasons for current discrepancies [30]. The topic
has re-emerged very recently, therefore very few original
studies have addressed it including up-to-date molecular
knowledge [31].

Widely used Selective Estrogen Receptor Modulators
(SERMs) which have been proven effective in hormone-
sensitive tissues such as breast and endometrium, may play
a significant role in pancreatic adenocarcinoma as well. In

Table : Crosschecking of ER-β expression assessment along the two
different scoring systems.

Immunoreactive score (IRS)

  

Allred score (AS)
 n= – –

 – n= –

 – n= n=
 – – n=

Figure 1: Immunohistochemistry images of
pancreatic neoplasm tissues. (A) Pancreatic
ductal adenocarcinoma demonstrating
positive immunostaining for ER-β (black
arrowhead at representative stained tumour
cells) (×200, scale bar=100 μm). (B) Dense
fibroblastic tissue (black arrows) surrounding
neoplastic glands (black arrowhead at
representative stained tumour cells), positive
for ER-β (×200, scale bar=100 μm). (C) ER-β
nuclear staining (black arrowhead at
representative stained tumour cells) (×400,
scale bar=50 μm).
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vitro study by Pozios et al. showed in vitro growth inhibition
of pancreatic adenocarcinoma cells by raloxifene, an SERM
widely used for postmenopausal osteoporosis as well as breast
cancer. The interaction of raloxifene with interleukin-6 and
glycoprotein-130 further complicates molecular signalling un-
derstanding [32]. Decreased efficacy issues may be overcome
by novel nanoparticle carriers which can increase drug
penetration, specifically to malignant cells. An interesting pa-
per by Fahmy et al. demonstrates augmented raloxifene effi-
cacy when combined with a carrier system consisting of
phospholipid-based vesicles with melittin [33]. Okuni et al.
have even gone further and combined raloxifenewith a classic
anticancer drug used in T-cell lymphoma, romidepsin, which
proved to suppress FOXM1 [34]. FOXM1 is a tumorigenesis
factor contributing to pancreatic cancer progression [35]. On
the other hand, potent immunotherapy has shown promising
results aiming to overcome other drug limitations. KRAS, one
of the primary modulators of malignant turnover, seems to be
another possible target. The mutated, permanently activated
KRAS protein acts as amolecular switch to activate a variety of
signalling pathways and transcription factors inducing cell
proliferation, migration, transformation, and survival. Immu-
notherapy drugs previously perceived as ineffective [36] now
seem promising and may lead to a possible breakthrough in
the field of pharmacologic intervention toward pancreatic
cancer management [37].

The findings of this study provide a potential explanation
for the conflicting results of previous trials. The predominant
detection and targeting of ER-α over ER-β may explain why
traditional ER blockers failed to show significant clinical
benefits in the past. SERMs specifically designed to target ER-β
could have a more pronounced effect on ER-β positive tu-
mours, potentially offering tangible clinical benefits.

The focus of this study is to compare benign andmalignant
pancreatic lesions, and to the best of the authors’ knowledge,
this is the first study that has attempted such a comparison. It
was a case-matched study which means that parameters such
as gender, age and tumour size have been excluded as con-
founding factors for this comparison. However, the retrospec-
tive design and the small sample size should be reported as
limitations. Especially the lack of correlation between ER-β
expression and oncological outcomes could possibly be attrib-
uted to the small sample size andmight thus represent a type II
statistical error. Besides, such an objective would require a
multi-factorial analysis, including all known predictive factors,
and consequently a significantly larger sample size. Given the
rarity of pancreatic cancer, even the largest hospitals are
limited to small sample sizes for such studies. Therefore,
accelerating the conduction of multi-centre studies is of great
importance if the scientific community seeks to make ad-
vancements in pancreatic malignancy comprehension.

Conclusions

Overall, this study provides further evidence that different
types of pancreatic lesions exhibit differential expressionof the
two ER subtypes. Early studies that failed to demonstrate ER
expression in pancreatic cancer or clinical benefit in treatment
with tamoxifen, were probably targeting ER-α, which is indeed
expressed only in benign lesions. Approximately 30% of
pancreatic adenocarcinomas express ER-β and this should be
further explored as a possible therapeutic target. The devel-
opment of therapeutic regimens targeting specifically the ER-β
subtype could perhaps reshape the management of pancreatic
cancer. Previous attempts had moderate efficacy due to the
non-specific targeting of estrogen receptors. Additionally, this
study offers valuable data that can be used to calculate sample
sizes for future multifactorial studies, essential for accurately
evaluating the role of ER-β in pancreatic cancer.
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