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ARTICLE INFO ABSTRACT

The possibility that a receptor for androgen is expressed in Breast Cancer (BC) is fascinating given that the tumor
is predominantly estrogen-dependent.

The androgen receptor (AR) is emerging as a new marker and a potential new therapeutic target in the
treatment of BC patients. The recent availability of selective AR inhibitors (e.g bicalutamide, enzalutamide,
apalutamide) approved for the treatment of prostate cancer has opened up the possibility to use them in BC
patients whose tumors express AR. However, AR appears to have various functions according to the BC subtype,
e.g. ER-positive or triple negative BC and the patient prognosis is different on the basis of the presence or absence
of estrogen and progesterone receptors.

Moreover, a different AR expression was seen according to the various ethnicities. Of note, in population at
low economical income, the availability of anti-AR compounds at low cost could open the possibility to treat AR-
positive triple negative BC that are highly present in these populations.

Up to now, AR detection is not routinely performed in BC. The standardization of AR detection methods could
render AR an easily detectable marker in primary BC and metastatic samples. Nevertheless, the overall con-
cordance of 60% of AR expression in primary tumor and metastasis implies that a clinician who need the AR
value to give anti-AR therapy should have the data on both the tumor materials.

Following the comprehensive studies on prostate cancer the possibility to test AR on liquid biopsies suggest
the use of this biomarker for a real-time disease monitoring.

Finally, considering the possibility to treat patients with immune checkpoint inhibitors there is the need to
know the relation between microenvironment and AR in BC.
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1. Why androgen receptor?

The possibility that a receptor for androgen is expressed in Breast
Cancer (BC) is fascinating given that the tumor is predominantly es-
trogen-dependent. However, the heterogeneity of the disease could
explain why not all BC expressing hormones respond to hormonal
treatments [1].

The androgen receptor (AR) is emerging as a new marker and a
potential new therapeutic target in the treatment of BC patients.
Circulating androgens are detected at physiological conditions in fe-
males, and their levels are different during life. However, the role of
genomic or expression alterations of AR in relation to BC is not well
known [1].

Researchers are currently trying to understand whether AR inter-
feres with estrogen receptor (ER) and/or progesterone receptor (PgR)

activities. AR is already a therapeutic target, and the recent availability
of selective AR inhibitors (e.g. bicalutamide, enzalutamide, apaluta-
mide) approved for the treatment of prostate cancer has opened up the
possibility to use them in BC patients whose tumors express AR.
However, AR appears to have different functions according to the BC
subtype, e.g. ER-positive or triple negative BC.

This paper aimed to provide an overview of the role of AR detected
by liquid biopsies and on tissues in relation to various BC subtypes.

2. AR structure and functions

AR gene is located on the chromosome Xq11-12. The receptor has
three domains: an amino-terminal domain (NTD, residues 1-555),
containing activation functional domains; a DNA binding domain (DBD,
residues 555-623); and a carboxyl-terminal domain (CTID, residues
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665-919) which including the ligand-binding domain (LBD). Moreover,
a nuclear localization signal (NLS), which is the responsible for AR
nuclear import, and a hinge region are located between DBD and CTD.
AR protein is located in cytoplasm, in the absence of ligand, associated
with heat-shock and other chaperone proteins. The binding of AR with
androgens lead to a conformational change and exposure of NLS. The
translocation of androgen/AR complex to the nucleus causes its di-
merization and the binding to AREs, within classical target genes, to
modulate gene transcription.

Moreover, AR could be activated also in ligand-independent manner
by different growth factors, by phosphorylation or other modifications,
or following interaction with co-activators [1].

3. A lesson from prostate cancer

Prostate cancer (PCa) is dependent on AR activation for growth and
development; for this reason, androgen deprivation therapy (ADT) is
the gold standard treatment in advanced PCa. AR upregulation is the
most common event involved in the progression from hormone sensi-
tive to castration-resistant prostate cancer (CRPC). In PCa setting sev-
eral mechanisms responsible for AR transcriptional re-activation have
been demonstrated, including mutation, amplification, or rearrange-
ment of the AR gene, and elevated expression of truncated AR variants
[2-5].

Various AR signaling-directed therapies, such as abiraterone, en-
zalutamide and more recently apalutamide have been developed.
Abiraterone is a selective inhibitor of the enzyme cytochrome P450
involved in androgens biosynthesis, reducing the circulating testos-
terone levels in PCa [6]. Enzalutamide is a new anti-androgen with
greater affinity for AR than abiraterone [7]. On February 14, 2018, the
Food and Drug Administration approved apalutamide for patients with
non-metastatic castration-resistant prostate cancer (NM-CRPC) but up
to now none demonstrated its role on AR-positive BC. The availability
of anti-AR compounds open the possibility to treat also AR-positive BC
patients.

4. “The issue” of AR detection
4.1. Tissues approaches

AR is localized to the cytoplasm in the absence of androgen. AR
translocates to the nucleus, upon ligand binding, where it can modulate
transcription of AR-responsive genes. The withdrawal of androgen re-
sults in the export of unliganded AR from the nucleus to the cytoplasm,
where it is transcriptionally inactive. AR is expressed in the nucleus of
the cells but can be present also at cytoplasm.

The tissue approaches permit to detect the AR status at cellular level
(nuclear and/or cytoplasmic) distinguishing epithelial cells from in-
flammatory cells and surrounding stroma.

Among the different methods to test AR both in primary tumor and
in metastasis, immunohistochemistry (IHC) is the cheapest method and
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can be performed routinely in all laboratories (Fig. 1). Different way to
classify AR-positive cases have been used as well as different cut off
such as 1%, 10%, 50% and staining intensity O, 1, 2, 3 + . In addition
some authors have use H score (the product of percentage and staining
intensity) to define AR positivity. Other methods to detect AR on tissue
are the measure i) of the gene copy number (GCN) by Fluorescence in
situ hybridization (FISH), ii) the mutational status of the AR gene by
NGS and digital PCR approaches and iii) the in situ evaluation of mRNA
by RNA scope (ACD Technology).

4.2. AR in ductal carcinoma in situ of the breast

AR is expressed in normal breast tissue, and expression decreases
with advancement to Ductal Carcinoma in situ of the Breast (DCIS) and
invasive cancer. AR has recently been shown to play an oncogenic or
oncosuppressive role in cancer. Despite some studies in invasive BC
have reported that AR expression is related to better survival when it is
co-expressed with ER and PgR, its prognostic role in in situ BC has been
never investigated.

For the first time retrospective analyses of DCIS relapsed and non-
relapsed patients treated with quadrantectomy alone and/or quad-
rantectomy plus radiotherapy were recently performed [8-10]. AR and
AR/ER in DCIS patients showed to have an unfavorable prognostic role
independently of the treatment [8-10]. In particular, Tumedei and
colleagues showed that the AR/ER ratio value in relapsed patients was
statistically different from that of not relapsed patients (p = 0.011) and,
at a cut off of 1.13, showed a sensitivity of 75% and a specificity of 94%
for predicting relapse as in situ or invasive carcinoma. The ratio AR/PgR
at a cut off of 1.00 has a sensitivity of 75% and specificity of 53%, while
at a cut off of 3.00 has a sensitivity of 50% and a specificity of 84%.
Moreover, while the single variables showed an Area Under the Curve
(AUC) values from 52% to 77%, the ratio of AR/ER reached a very high
AUC (92%). AR and ER play an important role in discriminating tumors
which will relapse or not and can give important information in plan-
ning therapy. The hormonal variables together with AR, seem to be
important prognostic tools able to increase the accuracy in terms of
relapse prediction up to 92% for in situ tumors. As in clinical practice
DCIS patients are treated almost exclusively with surgery and radio-
therapy, the predictive role of specific markers, especially AR, on the
clinical outcome in this population was investigated by the same group.
The unfavorable prognostic role of AR and AR/ER was seen also in this
subset of patients [9,10].

AR expression was seen in all grades of DCIS. Of the 72 positive AR
cases, 21 (29%) were ER negative, corresponding to 10% (21/221) of
all patients [11]. The majority of the AR-positive cases were high grade,
and the most common histological subtype in this subset was a solid
growth pattern with apocrine features. Early data from clinical trials
evaluating AR antagonists in invasive/metastatic triple-negative BC
suggest that some patients may benefit from androgen blockade.

Given that up to now the literature furnish data on the unfavorable
prognostic role of AR, the role of AR as therapeutic target in DCIS has to

Fig. 1. AR expression by immunohistochemistry (20X magnification) on (a) ductal carcinoma in situ of the breast, (b) invasive primary tumor, and (c) metastatic BC

sample.
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be explored yet.

Moreover, Oshilaja and colleagues recently reported the usefulness
of IHC testing and potential clinical trials of AR antagonists for che-
moprevention in patients with AR-positive and ER-negative DCIS [11].

4.3. AR in invasive BC

Luminal BC have been reported to be positive for AR expression
with higher level in Luminal A tumor and lower in Luminal B tumors
respect to Her2 enriched and Triple Negative BC (TNBC) [12-15].
These findings are controversial because some of them described a role
of AR status in predicting response rate and overall survival (OS) under
hormonal treatment and at the same time they reported no association
between AR expression and disease free survival in ER-positive tumors.
In the same works ER status maintained the principal role as in-
dependent prognostic marker for disease free survival (DFS) [16-18].
However, for Cochrane and colleagues it seems to be an independent
prognostic marker if hormone receptor are expressed while for Vera
Badillo and colleagues its prognostic role seems to be independent from
the expression of the hormonal receptors [19,20]. Thus, AR could be a
wolf or a lamb on the bases of the BC subset in which it is evaluated.
Kraby and colleagues demonstrated that AR was an independent pre-
dictor of good prognosis in BC, particularly in grade 3 and Luminal A
tumors.

4.4. AR expression in TNBC

It appears that in ER-negative BC cells, AR acts in a more homo-
geneous way as compared to ER-positive BC cells. In these tumors the
receptor clearly promotes cell proliferation and spreading by acting at
different levels. This evidence depicts AR as a therapeutic target po-
tentially very exploitable for TNBC and provides new opportunities for
the treatment of this subtype of BC.

The role of AR as a prognostic/predictive biomarker in this subset of
patients is controversial, but increasing evidence suggests that AR po-
sitive TNBC may respond to therapeutic agents targeting AR [21].

AR-positive TNBC was seen to be more common in older patients
and in whom had a higher propensity for lymph node metastases
(LNM). AR-positive TNBC may represent a BC subtype with unique
features that may be amenable to treatment with alternative targeted
therapies.

4.5. AR concordance between primary tumors and metastasis

Only few studies have been performed with the attempt to evaluate
AR expression in primary tumor and metastasis.

Kutasovic and colleagues in a study of molecular profiling on BC
metastasis to gynaecological organs identified novel AR mutations in
the metastatic specimens [22].

Bronte and colleagues highlighted an overall concordance of AR
detection between primary tumor and metastasis greater than 60%.
This implies that a clinician who need the AR value to give anti AR
therapy should have the data on both the tumor materials available
given that AR status in primary tumor could be different respect to that
of metastasis [15]. As mentioned in Kraby et al. paper, discordant AR
expression data between primary tumor and LNM were observed in
21.4% of cases and most often there was a switch from AR-negative
primary tumor to AR-positive axillary LNM [23].

5. AR predictive role

Patients with ER and AR-positive tumor have a better outcome than
those with ER-positive and AR-negative disease [24]. This has been
attributed to the competition between AR and ER at the level of es-
trogen response elements (EREs) and consequent impairment of ER-
dependent gene transcription [25]. In fact, some studies highlighted
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that in ER-positive BC, AR could compete with ER-dependent tran-
scription for the binding to the same sites or facilitating the ER binding
to the DNA. In parallel, also in ER- and PgR-positive BC cells AR seems
to compete [26]. Instead, in PgR-negative BC cells, AR increases the ER
gene transcription providing a protumorigenic role [27]. The AR/ER
ratio has been reported to impact prognosis and response to anti-
estrogen endocrine therapy. For Cochrane and colleagues an high AR/
ER ratio seems to be important to predict failure from Tamoxifen [20].
Bronte and colleagues assessed whether AR in primary tumors and/or
matched metastases is a predictor of efficacy of first-line ET in advanced
BC. AR status did not affect time to progression (TTP) significantly,
whereas PgR and Ki67 status did. AR/PgR =0.96 was associated with a
significantly shorter TTP (HR = 1.65, 95% CI 1.05-2.61, p = 0.028)
[28]. AR status in primary tumors or metastases was not associated
with progressive disease (PD) as best response. In contrast, Ki67 = 20%
and PgR < 10% showed a statistically significant association with PD as
best response. AR expression does not appear to be useful to predict the
efficacy of ET in advanced BC, whereas Ki67 and PgR exert a greater
impact on its efficacy [28]. AR can also predict response to AR in-
hibitors [29].

6. Liquid biopsy approaches

The need of biomarkers assessment by using noninvasive methods
lead researchers to study and develop new approaches for AR testing on
liquid biopsy. Circulating androgen can be detected with different
concentrations in pre- and postmenopausal status. In particular, an-
drogens levels decreased in menopause, even if is less drastic than the
decrease in circulating levels of estrogen and progesterone [30].

The correlation between high androgens serum concentrations and
BC risk is still controversial.

Several studies have been focused on the evaluation of AR aberra-
tions on serum/plasma or urine in PCa setting, highlighted the corre-
lation between copy number changes, mutations and splice variants
identification with diagnosis, prognosis, tumor evolution monitoring
and outcome prediction [2,5,6,31]. Regarding BC, few studies were
conducted with the main aim to evaluate AR on liquid biopsy. Of note,
as well as in PCa, BC circulating tumor cells (CTCs) were evaluated for
the expression of the AR active splice variant of AR, called AR-v7,
which lacks the ligand-binding domain. In BC, AR-v7 expression seems
to be related to an increased number of bone metastasis [32]. Given the
evidences on PCa, the detection of AR-v7 in CTCs could be is a potential
predictive marker for abiraterone and enzalutamide efficacy also in BC
setting [2]. Recently, in metastatic BC, AR mRNA expression was
evaluated in CTCs finding 31% AR-positive samples. Moreover, 58% of
matched CTC and primary tumor samples of different BC subtypes
showed a discordance of AR status, concluding that the determination
of AR expression in CTCs could help to select metastatic BC patients for
AR inhibitors [33].

7. Anti-androgen therapies

Natural and synthetic steroidal androgens [34-37] have been used
for therapeutic purpose. Steroidal androgens, however, induce many
side effects [38]. The use of first and second generation AR-directed
antagonists (bicalutamide and enzalutamide), is the most used therapy
for advanced BC (Tamoxifen-resistent BCs and TNBCs) [39-41]. Both
the antagonists have been used in clinical trials with positive results
[42].

The most recent studies were conducted by using in vitro and in vivo
experiments with the principal aim to test the dose, efficacy, safety,
tolerability of different new potential anti-AR therapies alone and the
combination with other drugs. In a phase 1 study of seviteronel, a se-
lective CYP17 lyase and AR inhibitor, in vitro and in vivo anti-tumor
activity was tested. In particular, the safety, tolerability, pharmacoki-
netics (PK), and activity of once-daily seviteronel were evaluated in
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women with estrogen receptor-positive or TNBC, showing to be well
tolerated [43]. Abiraterone acetate and seviteronel, CYP17A1l in-
hibitors, reduce the androgen production and the androgen levels and
they are now being tested in phase 2 clinical trials (available from:
https://clinicaltrials.gov/ct2/show/study/NCT02580448) [44], alone
or in combination with AR-directed antagonists (available from:
https://clinicaltrials.gov/ct2/show/NCT02605486). Preclinical and
clinical findings, however, have indicated that AR stimulates the
growth of TNBC or Her2 positive BC in combination with other effec-
tors. Optimal results might be obtained by approaches in which AR
antagonists are used in combination with inhibitors of these pathways
[45-48].

The use of selective AR modulators (SARMs, i.e., enobosarm GTx-
024) represent the therapy of ER-positive advanced BCs. These com-
pounds activate AR with scant side effects. Enobosarm, for instance, is
giving favorable results (Overmoyer B) and is still investigated in a
phase II clinical trials in patients with ER positive BC (available from:
https://clinicaltrials.gov/ct2/show/NCT01889238).

Giovannelli P. and colleagues showed that in TNBC-derived cell
lines (MDA-MB231 and MDA-MB453), expressing AR, S1 peptide could
be a promising therapeutic option. In fact, it mimics AR proline-rich
motif responsible for the interaction of AR with SH3-Src leading to the
inhibition of motility and invasiveness of TNBC cells [49]. These in vivo
findings suggest also that S1 peptide blocking should be considered as
anti-AR strategy.

Other studies suggest to use combined therapeutic approaches to
improve the treatment efficacy. For example, cell lines studies showed
that AR enriched TNBC cell lines carry PI3KCA mutations acquire
sensitivity to PI3K/mTOR inhibition, promoting the cancer cell growth
[50,51].

The emerging researches have proved that poly (ADP-ribose) poly-
merase (PARP) inhibitor is effective in BRCA1-deficient BCs. Some
authors demonstrated that combination of AR antagonist (bicaluta-
mide) and PARP inhibitor (ABT-888) could inhibit cell viability and
induce cell apoptosis significantly whatever in vitro or in vivo setting in
AR-positive TNBC. Previous studies have proved that both BRCA1 and
PARP1 have close connections with AR in prostate cancer. Jiayan Luo
and colleagues analyzed the correlation among AR, PARP1 and BRCA1
in TNBC for the first time [52]. After BRCA1 overexpression, the ex-
pression of AR and PARP1 were decreased in mRNA and protein levels.
Additionally, AR positively regulated PARP1 while PARP1 also up-
regulated AR expression in vitro. They confirmed that BRCA1 expression
was negatively correlated with AR and PARP1 in TNBC patients using a
tissue microarray with TNBC patient samples. These findings high-
lighted that the combination of bicalutamide and PARP inhibitor may
be a potential strategy for TNBC patients and merits further evaluation.
These results were recently confirmed by in vivo and in vitro experi-
ments performed by Sang M. and colleagues on sporadic TNBC [53].

8. AR in BC in male

BC in male is a rare tumor with biological differences between fe-
male BC. Male BC is exclusively hormone receptor positive, also for AR.
Male BC showed a prevalence of BRCA2 germline mutations. Di Oto and
colleagues showed that X chromosome gain is related to increased AR
expression in male BC [54]. X chromosome gain was observed in 74.7%
of invasive duct carcinoma, in 20.6% of in situ duct carcinoma, and in
14.6% of gynecomastia when associated with cancer, while all cases of
tumor-free gynecomastia showed wildtype X chromosome composition.
AR THC expression was observed in 100% of male BC tested. AR gene
methylation status revealed low level or absence of methylation. These
data suggest that X chromosome can play a role in the neoplastic
transformation of male breast epithelium. X chromosome gain is par-
alleled by AR gene polysomy. Polysomic AR genes showed low me-
thylation levels and high AR protein expression on IHC [54].
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9. AR expression in the different ethnicities

Information on BC biomarkers is poor in the majority of low-re-
source countries, such as Sub-Saharan Africa. A different biology in
terms of biomarker expression was previously seen in between
Caucasian and Tanzanian BC patients [55].

For the first time a comparison of AR expression in Tanzanian and
Caucasian BC patients was done demonstrating that AR expression in
Tanzanian BC patients was lower than the Caucasian population in
terms of percentage, H score, and staining intensity [56]. These findings
were in agreement with Thike and colleagues that reported that the
lower AR expression reflects the higher aggressiveness of tumors, but
their study was performed in a different ethnicity, such as Asian po-
pulation [57]. The lower AR expression in African respect to Caucasian
patients might be a consequence of a major tumor aggressiveness (low
hormonal receptor expression and highly proliferating tumors) and
probably of a different carcinogenesis [56]. AR loss could represent an
unfavorable prognostic marker in the African population.

The use of expensive drugs, such as monoclonal antibodies, is pro-
hibitive for African patients. Given the high proportion of AR-positive
TNBC, AR could represent a therapeutic target. The availability of
cheaper drugs such as anti-AR compounds could open the possibility for
the treatment also in this population at low economical income.

Davis and colleagues demonstrated in African American women that
AR-negative triple negative or "quadruple negative" women have an
enriched basal and immune signature suggesting that AR could be used
as a prognostic marker for BC, particularly in this BC subtype [58].

AR expression was evaluated among internationally diverse patient
populations by Jiagge and colleagues [59]. AR expression was higher in
White American patients and decrease in African American, Ethiopian
and Ghanaian patients albeit the difference was not statistically sig-
nificant.

In a clinicopathological study from Jordan on the expression of AR
in invasive ductal breast carcinomas a significant relationship of AR
expression with ER status was found. AR expression was significantly
associated with smaller tumor size. Although AR status was not in-
dependently associated with survival, their data suggest AR is a good
prognostic factor [60].

10. Conclusions and future perspectives

PCa studies suggested AR as prominent prognostic and predictive
marker. Given that the prognostic and predictive role of AR in BC is
matter of debate, AR detection is not routinely performed. The stan-
dardization of IHC methods could render AR an easily detectable
marker in primary BC and metastatic samples. The differences of AR
expression between primary and metastatic tumor suggest that AR has
to be detected in all biological material available for the patient con-
sidering also the different role of this biomarker in these two subsets of
disease.

The need to compare AR status on different populations given the
possibility to treat patients at low economical income with anti-AR
compounds considering the low cost and the relatively high incidence
of AR-positive TNBC, for example in Tanzanian population.

PCa evidences suggest that AR evaluation on liquid biopsy can be
used to monitor the tumor evolution and find therapy for the patients
for whom the biopsy of metastasis is not available. However, in this
field, additional studies are needed to verify the usefulness of AR
noninvasive analysis in BC and to define which type of AR alterations
are more clinically relevant.

In order to improve the efficacy of the treatment, the evaluation of
combined therapeutic approaches, such as anti-AR with PARP, mTOR,
Her2 and immune checkpoint inhibitors, have to be better explored.
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