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Abstract: Thoracic malignancies represent a significant global health burden with incidence and mortality
increasing year by year. Thoracic cancer prognosis and treatment options depend on several factors,
including the type and size of the tumor, its location, and the overall health status of patients. Gender
represents an important prognostic variable in thoracic malignancies. One of the greatest biological
differences between women and men is the presence of female sex hormones, and an increasing number of
studies suggest that estrogens may play either a causative or a protective role in thoracic malignancies. Over
the past 60 years since the discovery of the first nuclear estrogen receptor (ER) isoform o and the almost
20 years since the discovery of the second estrogen receptor, ERB, different mechanisms governing estrogen
action have been identified and characterized. This literature review reports the published data regarding
the expression and function of ERs in different thoracic malignancies and discuss sex disparity in clinical
outcomes. From this analysis emerges that further efforts are warranted to better elucidate the role of sex
hormones in thoracic malignancies, and to reduce disparities in care between genders. Understanding the
mechanisms by which gender-related differences can affect and interfere with the onset and evolution of
thoracic malignancies and impact on response to therapies could help to improve the knowledge needed to

develop increasingly personalized and targeted treatments.
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Introduction medical management, relatively little is known about the

causes.

Thoracic malignancies (including lung cancers, malignant . .
& ( g ung ’ & X-linked genes, hormones and environmental factors

mesotheliomas, esophageal and thymus cancers) represent . e .
» eSophag YV ) rep act in a gender-specific manner. Several studies have

the leading cause of cancer related death, whose incidence suggested a role of X-inactivation as a prime cause of

is dramatically increasing worldwide due to population gender differences in outcome and response to therapy

ageing and to lifestyle risk factors such as smoking, obesity
and sedentary behavior. Unfortunately, the prognosis for
these tumors is poor and treatment options are limited.
Although distinct studies have described gender differences
in the incidence (1,2) and prognosis for several types of
cancer, and in the psychosocial factors important in their
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of cancer. In addition, epigenetic processes, as key factor in
X-chromosome inactivation, may contribute to sex-specific
metabolic phenotypes (3).

Besides disparities in anatomy and genetic, hormonal
differences should be taken into account when assessing the

impact of gender on disease management. Sex hormones,
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Figure 1 A schematic representation of the main rapid and genomic estrogen receptors’ signaling pathways, involved in cell growth and

differentiation, interaction with the tumor microenvironment and response to therapy. E2, estrogens; RTKs, receptor tyrosine kinases;

P, phosphorylation; GPCRs, G protein coupled receptors; PD1, programmed cell death 1; PDLI, programmed cell death ligand 1; ER

estrogen receptor; ERE, estrogen response element; Tregs, regulatory T cells; MDSC, myeloid-derived suppressor cells.

negatively or positively, affect the development of different
types of cancer and determine the patients’ response to
therapy.

In particular, estrogens exert their functions interacting
with two subtypes of estrogen receptors (ERs), ERa and
ERB. The first characterization of tissue distribution of ERa
and ERP transcripts, performed in rats, indicated ERp as
the predominant isoform in the lung (4).

Alterations in the lung phenotype of ERa null (¢dERKO)
mice were not reported (5,6). Instead, data obtained with
ERB null (BERKO) mice suggested that ERB exerts a role
in basal lung homeostasis (7). These mice had reduced
numbers of alveoli in lungs of female when compared with
wild-type animals (7). Moreover, lungs of BERKO female
mice exhibited reduced surfactant production, platelet-
derived growth factor A (PDGF-A), and granulocyte-
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macrophage colony-stimulating factor (GM-CSF).

ERs act by regulating transcriptional processes through
dimerization and binding to specific response elements
(EREs) located in the promoters of target genes or through
interactions with other transcription factors (8). In addition,
membrane-bound ERs activate rapid signals, which can lead
both to altered functions of proteins and regulation of gene
expression (Figure I) (9,10).

Because they can be modulated by small molecules,
ERs are excellent druggable targets. Different therapeutic
modalities dictate endocrine therapy, specifically, the
selective ER modulators (SERMs), the selective ER
degraders (SERDs) and aromatase inhibitors (Als), alone or
in combination therapies.

ERa and ERP share ~97% similarity in their DNA
binding domain (DBD) and 59% in the ligand binding
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Figure 2 Structure of ERa and ERP protein variants and their expression in thoracic malignancies. NSCLC, non-small cell lung cancer;

SCLC, small cell lung cancer; MPM, malignant pleural mesothelioma; EAC, esophageal adeno carcinoma; ESCC, esophageal squamous cell

carcinoma; T'C, thymus cancer.

domain (LDB), whereas the N terminal domain (N'TD)
is merely 16% similar (8). Although the differences in the
LBD are small, they are significant enough to influence the
shape of the ligand-binding pocket and this has allowed the
development of agonists and antagonists, which are selective
for the two receptors (11,12).

While ERa antagonists have been used for many
years in the therapeutic management of breast cancer,
no ERP agonists have yet entered the clinic, despite the
fact that highly selective and safe compounds have been
characterized.

In addition, several variants generated either by
alternative splicing (13), proteolysis (14), or alternative
initiation of translation (15), have been shown to exist
for ERa and ERP (Figure 2). Therefore, differences in
cell responsiveness to estrogens may be due to varying
expression ratio of wild-type to ER variants. Along with
the “classic” full-length 66-kDa ERa, isoforms of 61.2 kDa
(ERaA3), 46 kDa (ERo46) and 36 kDa (ERa36) have
been identified. ERaA3, missing exon 3, which encodes
the second zinc finger of the DBD, inhibits estrogen-
dependent transcription activation in a dominant negative
fashion (16). In contrast, ERa36 retains the DBD, but
lacks both transcriptional activation domains (AF-1 and
AF-2). ERa36 localizes mainly in the cytoplasm and at
the plasma membrane, and responds to both estrogens
and anti-estrogens by transducing membrane-initiated
signaling pathways (17). ERa46 lacks the A/B domain (first
173 N-terminal amino acids) which harbors AF-1, and
it is identical to the amino acids 174 to 595 of ERa full
length (13). Few studies have suggested that ERa46 inhibits
the growth of tumor cell lines, suggesting that ER046 could
affect cancer progression.

Further to the wild-type ERB (ERB1), Moore et al.
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characterized four spliced variants designated as ERB2-
5 isoforms (18). The amino acid sequences differ at amino
acid 469 within the LBD and extend to the C-terminus (19).
Expression of ERP variants of different lengths depends
to the use of alternative transcription start sites or to
alternative splicing (18,19). As with ERa, when these spliced
variants are co-expressed with the ERP1 isoform affect the
response to estradiol; thus, the relative expression levels of
the wild-type isoform versus ERB variants is of significance
in predicting cellular response to both estrogen and anti-
estrogen therapies (20,21).

The overlapping and non-overlapping functions of
the different ER variants and the mechanisms by which
they are regulated and distributed in different subcellular
compartments add another layer of complexity.

In literature, there are numerous studies that report
conflicting results about the effect of estrogens on the risk,
prognosis and response to therapy of thoracic cancers. In
addition, in many studies, some methodological limitations
emerge. In this review, we aim to provide a critical summary
of the current knowledge concerning the expression,
function and prognostic implications of ERs in the different
thoracic malignancies listed in Figure 3. We present the
following article in accordance with the Narrative Review
reporting checklist (available at http://dx.doi.org/10.21037/
jtd-20-2277).

Methods

We searched for articles about Thoracic malignancies from
PubMed, Medline and Google Scholar in the last 15 years,
for the words estrogens, estrogen receptors, estrogen receptor
isoforms. A total of 107 full texts of published peer reviewed
articles were selected.
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Figure 3 Thoracic malignancies discussed in this review.

Non-small cell lung cancer (NSCLC)

Subtypes: adenocarcinoma, squamous cell carcinoma (SCC),
large cell carcinoma (LCC)

NSCLC is the most common, and accounts for
approximately 85% of all diagnosed lung cancers. NSCLC
is classified into three main subtypes, named by the type
of cells detected in the tumor. Adenocarcinomas are the
most common subtype of NSCLC and comprise up to
40% of lung cancer cases. Compared to other lung cancers,
adenocarcinomas are not only associated with smoking,
but are also diagnosed in non-smokers, in particular in
women. Most adenocarcinomas occur in the lung periphery,
more often they spread to the lymph nodes and beyond. In
addition to adenocarcinomas, there are SCC that comprise
approximately 25% to 30% of all lung cancer cases. SCC,
also known as epidermoid carcinomas, most frequently
arise in the central bronchi and may spread to lymph nodes,
grow quite large and form a cavity. The third subtype,
undifferentiated LCC, account for 10-15% of all lung
cancers. LCC have a high tendency to spread to the lymph
nodes and distant sites (22).

Lung cancer has long been considered a man’s
disease, but over the past several decades, because of
the high increase in cigarette smoking, there has been a
corresponding sharp increase among women (23). Since
1998, lung cancer death rates in women have exceeded
those from breast cancer (24). However, this explanation
is not perfectly satisfactory considered that up to 53% of
women, while only 15% of men, who develop NSCLC were
never-smoker. This suggests that, in addition to smoking,
there are other risk factors that control the development of
NSCLC in women versus men (25). Lung cancer in women
has several different characteristics than that in men;
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women are more probable to have adenocarcinoma, higher
risk in never-smokers, higher levels of polycyclic aromatic
hydrocarbon-DNA adducts, higher levels of CYP1Al
expression, and more frequent EGFR (epidermal growth
factor receptor) gene mutations (26). These studies, in line
with the findings that ERs and aromatase, the key enzyme
involved in the synthesis of 17p-estradiol, are frequently
expressed by lung tumors, indicate a role for estrogens in
determining lung cancer risk.

However, the role of ERs in NSCLC remains
controversial and the mechanisms of action of ERs in
NSCLC are not entirely clear. ERs are localized in both
the cytoplasm and nucleus of NSCLC cells and exert both
genomic and rapid non-genomic effects (27,28).

The expression of ERa and ERp, as prognostic factors
for NSCLC, has been reported in several studies (29-43).
ERa, in NSCLC cells, was mainly located in the
cytoplasm and was associated with poor prognosis. Many
reports described that the nuclear localization of ERP
was predictive of better prognosis, while the cytoplasmic
ERP expression was associated with poor prognosis (44).
Nonetheless, conflicting results have also been reported
(43-47). In fact, it has been described that the cytoplasmic
and the nuclear ERP co-expression was correlated with low
survival rate of patients, when compared to those without
co-expression (48).

Significant differences in ERa expression rate in the
NSCLC were observed using antibodies specific for the
N-terminus, C-terminus, or for the full-length protein. The
detection rate of the antibody against the epitope in the
C-terminus region of ERa was higher compared to that in
the N-terminus, and was mostly located in the cytoplasm.
Probably, in NSCLC, ERa is N-terminal deleted and
lacks the nuclear localization signal (49). Few studies have
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examined the role of ERa variants in NSCLC, although
they appear to be expressed and display specific early
transcriptional effects following steroid treatment. It has
been reported that ERa36 prevails in NSCLC specimens,
while wild-type ERa is minimally expressed. In non-tumor
lung, the wild-type ERa is quasi-absent (50).

In addition, ERP detection rate was different using
antibodies specific for the N-terminus or the C-terminus.
Such an inconsistency may not only be due to which
antibody was used, but also to differences in the
methodology applied, in the heterogeneous definitions
of positivity, and in several patient populations analyzed.
A standardized immunohistochemistry or a different
approach, such as Western blot or Real time quantitative
PCR, are necessary to render the ERs useful biomarkers for
NSCLC (29).

ERs have been described to influence different pathways
involved in NSCLC progression, response to therapy
and interaction with the tumor microenvironment. A
bioinformatic analysis revealed that ERs might promote
NSCLC progression by modulating the signaling cascade
composed of EGFR, Notchl and GSK3p/B-Catenin and
provided new opportunities for optimizing the therapeutic
scheme of NSCLC (51). In another study, it has been
reported that ERP has opposite co-expression with the
multidrug resistance protein MDR1 (52). Moreover,
ERP has been described to play a role in the estrogen
stimulated interleukin 6 (IL6) expression in NSCLC. IL6
blockade not only results in the direct intrinsic inhibition
of cancer cells proliferation, but also reeducates the lung
microenvironment toward an antitumor phenotype by
varying the proportion between pro-tumor and anti-tumor
immune cells (53). The role of estrogens in regulating
lung tumor associated stromal and immune cells is
emerging. The immunosuppressive properties of estrogens
deserve further investigation in NSCLC, because of the
importance of immunotherapy in this disease, and the data
showing that females do not benefit from immunotherapy
treatment as much as men. Despite the recent reports
on sex-based differences in the use of immunotherapy in
NSCLC patients, current knowledge about the effect of sex
hormones on immune function in this context is still in its
early stages (54).

Actually, even the relationship between the hormone
replacement therapy (HRT) and NSCLC is controversial.
Although many studies suggested that estrogen or HRT
adversely affects the prognosis of NSCLC patients (55-61),
some reported that HRT decreases the risk and affects
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positively the prognosis (62-66). Among them, a recently
published study conducted on a cohort of 75,587 women
using multivariate analysis, demonstrates that current HRT
use is associated with reduced risk of NSCLC compared
with never users while is not associated with significant
differences in all cause or disease-specific mortality (67).
The physiological basis of this effect merits further
exploration.

In conclusion, there is a need for further carefully
designed studies with large number of patients, correctly
classified for ERs expression, necessary for a more global
view of the role of reproductive factors in NSCLC.

Small cell lung cancer (SCLC)

SCLC comprises about 10% to 15% of lung cancers among
females and males and is strongly smoking associated. Its
incidence in women is rapidly increasing (68).

Differences between sexes in SCLC prognosis were
studied utilizing 161,978 patients, registered in the
National Cancer Database, in the period from 2004 to
2014 (69). Limited stage (LS) or extensive stage (ES) were
used to classify patients. Women were stratified according
to menopausal status (=55 years = late menopause). No
significant socio-demographic differences between males
and females were reported. Men were more likely to be
diagnosed with ES disease than women (63% vs. 56%).
An overall survival (OS) benefit was observed in women
compared to men, for both LS (15.2 vs. 12.7 months) and
ES (6.4 vs. 5.7 months). Multivariate analysis revealed that
older age, postmenopausal status were associated with worse
OS, for both LS and ES.

When stratified by menopausal status, women >55 years
old with both LS and ES had worse OS than younger.
Older age (=55 years) was associated with worse OS also
in men. Since in older men were observed a similar trend
of worse OS compared to younger men, it’s emerged that,
in SCLC, age might exert a more significant influence on
survival than hormonal status (69). Further studies to collect
data on sex hormone levels are needed to better clarify their
role in women with SCLC. Furthermore, no consistent data
on ERs expression in SCLC have been published.

Only one article published, in Chinese, in 2013 (70)
reports the expression of ERa and ERB, analyzed by
immunohistochemistry on paraffin-embedded sections of 36
normal lung tissues and 47 cases of SCLC. Authors describe
that in 36 normal lung tissues, expression of ERa and ERB
was 0% and 25.0% respectively, while ERa was expressed in
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19.1% and ERP in 66.0% of the 47 SCLC cases.

Assuming that estrogen may play an important role
in the pathogenesis of SCLC, Zeng et 4l. (71) stimulated
by estrogen the SCLC derived MMSCLX-07 cell line to
establish xenograft tumors in nude mice. They described
that tumor formation rate, after stimulating MMSCLX-07
cells with 10 nM 17f-estradiol, was significantly higher
than stimulating MMSCLX-07 cells with normal saline.
Authors conclude that estrogen may play a significant
role in the pathogenesis of SCLC. However, it must be
underlined that these results were obtained using only one
non- authenticated and quality-tested cell line.

Pleural mesothelioma

Malignant mesothelioma is a rare form of cancer that
develops in the mesothelium, a thin layer of cells lining
the body’s internal organs. Mesothelioma classification is
based on the location where the tumor develops and the cell
type. Malignant pleural mesothelioma (MPM) is the most
common type, accounting for approximately 75% of all
cases. Peritoneal mesothelioma is the second-most common
form, responsible for about 10% of all cases, followed by
the rarest pericardial and testicular mesothelioma. Asbestos
exposure is the leading cause of mesothelioma (72).

Patients diagnosed with mesothelioma are more likely to
be male that female with an approximate four-to-one ratio.
Furthermore, one year after diagnosis, women have better
survival rates than men, with 45% of women alive versus
approximately 38% of men. A number of reasons have
been postulated to explain the female survival advantage.
Among them: women are diagnosed at a younger age and
are healthier overall; they have lower asbestos exposure
compared with men; and finally, hormonal differences can
influence tumor prognosis (73,74).

To test the role of estrogens in gender disparity, the
expression of the two ER subtypes, ERa and ERp, was
analyzed by immunohistochemistry in biopsies from 78
MPM patients, and pleura from healthy controls (75,76).
Nuclear ERB immunoreactivity was detected in normal
mesothelial cells, and in the majority of the MPM samples,
although with reduced presence and intensity, compared
with normal pleura. At 2 years of follow-up, the cumulative
probability of survival was 80% for patients with high
ERB expression, versus 31% for patients with negative or
low ERB expression. Importantly, multivariate analysis
demonstrated the prognostic relevance of ERB expression
for OS of MPM patients. Unlike other lung cancers, none
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of MPM or normal pleura biopsies showed positive staining
for ERa, therefore, mesothelial and MPM derived cells
represent a powerful model to investigate ERB functions,
independently of ERa.

In vitro studies provided evidence that ERP exerts a
key role in controlling the transcription of cell division-
and metabolism-related genes in MPM derived cells (77).
Furthermore, a selective ERP agonist was demonstrated
to act in vivo as a chemosensitizer, increasing the anti-
tumorigenic efficacy of cisplatin and of cisplatin/pemetrexed
combination in a mouse model of MPM (78).

More recently, a retrospective single center study
analyzed the role of ERB in MPM response to the first-
line chemotherapy (cisplatin/antifolate combination) (79).
The study included 22 patients diagnosed with MPM
between 2013 to 2016, at the Mexico’s National Institute
for Respiratory Disease (INER), that were characterized for
ERB expression by immunohistochemical staining.

The primary endpoint was the response to chemotherapy,
according to ERP expression, while the secondary outcomes
were the OS and the PFS (progression-free survival).

Seventeen patients (77.2%) presented high or moderate
ERP expression levels, while 5 (22.7%) had low degree or
null expression. High and moderate expression of ERP was
considered when more than 50% of the cells stained with
an intensity greater than 1+, on a scale of 0-3+.

Response to treatment was as follow: partial response
12 (54.5%), stable disease 5 (22.7%), and progression 3
(13.6%). None of the patients had a complete response. Of
those who had a partial response, 9 (75%) had moderate to
high degree of ERP expression in tumor cells, and 3 (25%)
had null or low degree of ERP expression. Moderate and
high expression of ERp in patients with advanced MPM
was associated with a tendency toward higher OS and better
response to chemotherapy that resulted in longer PFS.
However, due to the limited number of patients, in this
study, the statistical significance was not achieved.

Esophageal cancers
Subtypes: adenocarcinoma, squamous-cell carcinoma

The two main subtypes of esophageal cancers are:
esophageal adenocarcinoma (EAC), which arises from
the glandular cells of the lower esophagus and is more
common in the developed world, and esophageal squamous-
cell carcinoma (ESCC), which arises from the epithelial
cells lining the upper part of the esophagus and is more
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common in the developing world (80-82). A number of less
common types also occur. The risk factors for EAC include
gastroesophageal reflux and obesity, smoking, and low levels
of intake of vegetables. Causes of the squamous-cell type
include tobacco smoking, alcohol drinking, chewing betel
nut and a poor diet (83).

There is a marked male predominance for EAC with
a male:female incidence ratio of 9:1. This striking gender
difference does not seem to be due to the established
risk factors, given that their prevalence and strength of
association with EAC are similar between the two sexes (84).
Even though continuing research activities are necessary to
fully understand the reasons for the male predominance, sex
hormonal factors, in particular exposure to estrogens seems
to play a role in preventing the development of EAC.

There are no reports that compare the expression
levels of ERs in esophageal cancer tissues between females
and males. In contrast to the anti-tumor role for ERB
described in other cancers, some studies have reported
a positive association between ERP expression and EAC
development (85).

As several isoforms of ERB, with different functions,
have been described, Liu ez 4/. (86) performed a study to
characterize which isoform of ERP was expressed in EAC.
They showed that all ERP isoforms were significantly
more expressed in tumors than in their precursor lesions,
suggesting a role for different ERP variants in the
maintenance and evolution of EAC. Although authors did
not find a correlation between ERB1 expression and tumor
proliferative activity, they showed that it tended to have
higher expression in invasive tumors, compared to tumors
limited to the esophageal wall.

Another study by Kalayarasan ez /. (87) evaluated the
expression of ERa and ERp in EAC at different tumor
stage, and compared their expression with adjacent normal
esophageal mucosa. No significant expression of ERa
was found in EAC, suggesting that ERa is unlikely to be
involved in the growth of this cancer.

Overall, most studies that have evaluated EAC suggest
a prognostic value for ERB. Unfortunately, these clinical
reports have not yet been supported by in vitro studies with
EAC cells. The few in vitro studies that have addressed the
role of estrogens in the modulation of esophageal tumor
cell proliferation were performed using ESCC cells (88,89).
Estrogens were shown to exert anti-proliferative action
on human ESCC cells likely through ER-Ca®* signaling
pathway. However, ESCC and EAC are two biologically
distinct tumors, so estrogen responsiveness in ESCC
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derived cell lines does not necessarily mean that cell lines
from EAC will respond. To further explore this possibility,
similar experiments need to be performed using EAC
derived cell lines.

Several studies have reported that ERs could be
prognostic biomarkers in ESCC with controversial results.
Nozoe et al. (90) and Zhang ez al. (91) reported that ERa-
positive and ERB-negative expression associate with poor OS
in patients with ESCC patients. Whereas, Dong ez 4/. (92)
and Zuguchi er al. (93) suggested that upregulation of ERB
and downregulation of ERa predict unfavorable prognosis
in ESCC.

In 2019, Zhang ez al. performed a meta-analysis to better
assess the prognostic value of ERa and ER expression
in gastroesophageal cancer to further identify novel
therapeutic approaches (94).

The study included 7 articles with 11 cohort studies for
a total of 1,874 patients. The cancer types included in the
studies were ESCC and GCA (gastric adenocarcinoma).
Results revealed that high ERa expression correlates with a
worse prognosis whereas ERP with a better OS.

Overexpression of ERa in cancer tissues predicted worst
OS and poor tumor differentiation. Furthermore, based on
data obtained analyzing tumor tissue biopsies from patients,
the correlation between high expression of ERp, better OS
and tumor differentiation was statistically significant.

Although this study reported that the expression of
both ERa and ERP was linked to gastroesophageal cancer
prognosis and differentiation, there were some limitations.
First, the quality of included studies was done with selection
bias due to the deletion of some unqualified literature.
Furthermore, the screened literature was only in English
and Chinese, which significate that included data could not
represent the entire patient population.

Thymus cancers
Subtypes: thymoma, thymic carcinoma

Thymomas and thymic carcinomas are rare tumors that
develop in cells that cover the outside surface of the
thymus, a small organ located in the upper chest, under the
breastbone, part of the lymphatic system.

Controversy exists regarding the expression of ERs
in thymic tumors. In a study performed in 2003, the
immunohistochemical localization of ERa and ERB was
examined and correlated with various clinicopathological
parameters in 132 human thymomas (95). Immunoreactivity

7 Thorac Dis 2021;13(3):1851-1863 | http://dx.doi.org/10.21037/jtd-20-2277


https://en.wikipedia.org/wiki/Developing_world
https://en.wikipedia.org/wiki/Esophageal_cancer#cite_note-WCR2014-2
https://en.wikipedia.org/wiki/Areca_nut
https://en.wikipedia.org/wiki/Areca_nut
https://ssl.adam.com/?productId=117&pid=1&gid=001086&site=atlantichealthssl.adam.com&login=ATLA1992&_ga=2.152196345.1779955785.1516025356-127718566.1514905836
https://en.wikipedia.org/wiki/Squamous-cell_carcinoma
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46002&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46002&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=455462&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46476&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=257523&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=549425&version=patient&language=English&dictionary=Cancer.gov
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=45764&version=patient&language=English&dictionary=Cancer.gov

1858

for ERs was detected in the nuclei of thymoma epithelial
cells. The percentage of immune-positive samples and the
H-score values (mean +/- SD) were 66% and 85.8 +/- 80.2
for ERa and 7% and 7.2 +/- 8.7 for ERp, respectively. ERa
immunoreactivity was inversely correlated with tumor size,
clinical stage, and Ki-67 labeling index, and significantly
associated with better clinical outcomes in thymoma
patients. In another study, the production of estrogens was
examined iz vitro using primary cultures of human thymoma
epithelial cells (TEC), while the intratumoral concentration
was measured and correlated with clinicopathologic
variables and clinical outcomes in 132 patients (96). In
accordance with previous data, it was described that
estradiol inhibited proliferation of TEC through ERa,
which suggests that estradiol may be an effective treatment
for thymoma, especially for non-resectable tumors.
Therefore, in situ estradiol synthesis may play a significant
role in the development of thymoma through regulation of
cell proliferation.

In contrast with previous data, in 2011, a study
correlated the expression of ERa and ERP, evaluated by
immunohistochemistry, with clinicopathologic factors and OS
in a series of 140 thymic epithelial tumors (97). ER was found
to be highly expressed in thymomas and thymic carcinomas
(76.4%), whereas rates of ERa were low (13.6%). Significant
correlations between ERa expression and tumor size and
between ERP expression and tumor stage were described.

Finally, in a study published in 2015 the expression
levels of the ERBS variant were analyzed in a set of tissue
microarrays from a cohort of patients with thymic tumors
(n=103) by immunohistochemistry (98). The results
revealed that ERP5 was overexpressed and predominantly
located in the cytoplasm (cERBS) of thymic tumors.
Moreover, researchers identified statistically significant
differences between cERPS expression and histologic
subtype and stage of thymic tumors. Notably, a negative
correlation between high expression of cERBS and tumor
stage was identified, indicating that cERB5 may inhibit
thymic tumor progression. Further analysis of data revealed
that high expression of cERBS was a significant prognostic
factor in patients with thymic tumors. In addition, these
results indicated that high cERBS expression was correlated
with longer OS and PFS of patients.

The results presented here indicate that the underlying
mechanism of estrogen action in thymic tumors may be
complex and further investigations are needed.
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Summary

In addition to the well-known drivers of thoracic
malignancies, epidemiological evidences, preclinical in vitro
and iz vivo studies, and recent data obtained from clinical
studies, support estrogen and ERs as key factors that affect
tumor prognosis and response to therapy.

However, in literature, there are many conflicting results
that need to be addressed, which include: standardized
measurements of ERs expression, role of different
estrogen and ERs isoforms in cancer cell proliferation and
invasion, pathways involved in their interactions with other
mediators, and mechanisms that underlie the controversy in
the effect of HRT.

One of the problems in immunohistochemical staining
for ERs is that these proteins when bound to ligands
translocate into the nucleus. To detect nuclear proteins,
the nucleus has to be made permeable to antibodies and
this is usually done by a brief incubation with 0.5% triton;
however, in making the nucleus permeable antigens from
the cytoplasm can be lost (99).

Recent reviews have addressed different problems caused
by the use of ERa and ERP antibodies, which have caused
confusion in the literature (100,101).

A problem is that antibodies raised against the
N-terminus of ERB expressed in E. coli, are efficient in
recognizing ERP expressed in E. coli, but they do not work
well when used in immunohistochemistry experiments on
human tissues. This is probably due to post transcriptional
modifications of serine and threonine residues in the
N-terminus of ERP that mask the epitopes which the
antibodies recognize. In any case, when producing an
antibody, care should be taken to use epitopes that do not
include threonine, serine or tyrosine residues which can be
phosphorylated.

A further problem is the expression of ERB splice
variants in human tissues. These variants have modified
C-termini that cannot be recognized by antibodies raised
against the C-terminus of ERB1. Antibodies raised against
the N-terminus of ERP are useful to evaluate ERB1 and all
of its splice variants.

Down side of use of these antibodies raised against the
N-terminus of ERP is that they led to the wrong conclusion
that ERBI is expressed in cancers when, in fact, what is
being measured are the splice variants of ERp (99).

In addition, several of the antibodies currently used for
the detection of ERa do not detect the ERa variants (102).
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Given that there are multiple isoforms of ERa and ERp
with different localization and functions, it may be necessary
to explore more in detail which isoforms are expressed in
thoracic malignancies specimens. As shown in Figure 1, only
one of the ERa isoforms has been described in NSCLC,
one of the ERP in TC and three in EAC. Detection of these
isoforms may not only help better judge the prognosis of
cancer patients, but also guide endocrine therapy and/or
other emerging therapeutics.

Preclinical studies, mainly performed in NSCLC,
describe the role of ERs in modulating different signaling
pathways in tumor cells. Computational models could
facilitate a more comprehensive understanding of the
complex signaling networks composed of genes and
pathways influenced by ERs.

Furthermore, while it has been established that lung
tumor cells can be regulated by estrogens, their role in the
regulation of tumor associated stroma and pro- and anti-
tumor immune cells is now emerging. Unraveling the
role of estrogens in lung tumor microenvironment carries
important implications for clinical translation and would
provide the rationale for testing combinations of ERs
blockers with immunotherapy drugs.

However, even though ER functions are highly cell-
context specific and it is difficult to propose a unified
scheme for estrogen signaling, on the basis of above
reported data, it appears clear that sex hormones influence
pathophysiology, clinical signs, outcome and therapy of
the different thoracic malignancies. What emerges from
studies is that sex and menopausal status are important
stratification factors that should be taken into account in
all cancer preclinical studies and clinical trials for a better
understanding of biological differences between men and
women and pivotal for improving targeted therapies.

It has been recognized that gender differences in drug
pharmacokinetics and pharmacodynamics play a key role in
drug efficacy and safety profile (103).

Unfortunately, during the last decades, gender unbalance
emerged in both animal studies and clinical trials. In fact,
most of epidemiological and clinical studies report results
in only one sex. This means that results obtained only in
men were transferred to the entire population, including
women (104). Moreover, due to the retrospective nature of
these studies, numerous confounding factors (age, stage of
disease, co-morbidity etc.) may have influenced results.

In summary, gender-related oncology needs to better
clarify the molecular basis underlying gender differences
in patient outcomes and response to therapy. The broad
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understanding of the biological mechanisms responsible
for sex-specific differences may yield improvements in
cancer management and in the development of personalized
therapeutic strategies. This new dimension of oncology
requires additional investment in research and, most of all,
the determination of changing health approaches.
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