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Abstract: Luminal Androgen Receptor Breast Cancers (LAR BCs) are characterized by a triple negative phenotype and by the
expression of Androgen Receptor (AR), coupled with luminal-like genomic features. This unique BC subtype, accounting for about
10% of all triple negative BC, has raised considerable interest given its ill-defined clinical behavior and the chance to exploit AR as
a therapeutic target. The complexity of AR activity in BC cells, as revealed by decades of mechanistic studies, holds promise to offer
additional therapeutic options beyond mere AR inhibition. Indeed, preclinical and translational evidence showed that several pathways
and mediators, including PI3K/mToR, HER2, BRCAI, cell cycle and immune modulation, can be tackled in LAR BCs. Moving from
bench to bedside, several clinical trials tested anti-androgen therapies in LAR BCs, but their results are inconsistent and often
disappointing. More recently, studies exploring combinations of anti-androgen agents with other targeted therapies have been designed
and are currently ongoing. While the results from these trials are awaited, a concerted effort will be needed to find the biological
vulnerabilities of LAR BCs which may disclose new and effective therapeutic targets, eventually improving patients’ outcomes.
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Introduction

In the last two decades, the evolving knowledge about breast cancer (BC) biology disclosed the vast molecular
heterogeneity of this disease.! According to gene expression profile, BC can be classified into five different subtypes:
luminal A, luminal B, human epidermal growth factor receptor-2 (HER2) enriched, basal-like and normal-like.” In the
clinical practice, surrogate immunohistochemistry biomarkers are commonly used to distinguish between luminal tumors,
which expresses estrogen and/or progesterone hormone receptors (HR), Human Epidermal Growth Factor Receptor 2
(HER2)-enriched tumors, which overexpresses HER2, and basal-like tumors, which lacks both HR and HER2 and are
therefore also referred to as triple negative breast cancer (TNBC).? This latter category accounts for 15-20% of all BC
and is usually linked with an aggressive clinical behavior, a high risk of relapse and poor prognosis.* Further evaluations
of TNBC showed a broadly heterogeneous genomic landscape compared to other BC classes.”’ According to Lehman’s
classification, TNBC entails six different molecular subgroups, namely basal-like 1, basal-like 2, immunomodulatory,
mesenchymal, mesenchymal stem-like and luminal androgen receptor (LAR).> A subsequent study by Burstein et al
identified four classes of TNBC: basal-like immune-suppressed (BLIS), basal-like immune-activated (BLIA), mesench-
ymal and LAR.® Despite the differences, both these classifications acknowledge LAR BC as a distinct entity accounting
for about 10% of all TNBCs.® Luminal androgen receptor BCs harbor a luminal-like gene signature and, phenotypically,
an androgen receptor (AR) expression.*? Since its identification, the LAR BC subtype raised significant interest for its
peculiar features and the potential presence of a druggable target (ie AR).*'® However, clinical characteristics of

OncoTargets and Therapy 2023:16 235-247 235
Received: 30 December 2022 © 2023 Stella et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallable at https://www.dovepress.com/terms.php
A and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati /by-nc/3.0/). By accessing the work

Accepted: 24 March 2023 ol
Publighed‘ 7 April 2023 you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For

permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-7189-2312
http://orcid.org/0000-0002-7948-3580
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Stella et al Dove

LAR BC are still ill-defined, with evidence suggesting a favorable prognosis and others indicating poorer outcomes.'' '

Similarly, the role of AR as a predictive biomarker of response to anti-androgen therapies has not been confirmed thus
far 1214
Here, we critically review the existing literature about AR role in TNBC and also discuss the updated evidence about

AR inhibition in LAR BC, starting from the pre-clinical scenario and then moving to the clinical setting.

Androgen Receptor-Mediated Signaling Pathways in AR Positive TNBC
Structurally, AR comprises three functional domains: an N-terminal domain (NTD, residues 1-555), a DNA binding
domain (DBD, residues 555—623) and a carboxyl-terminal domain (CTD, residues 665-919) which includes the ligand-
binding domain (LBD). The receptor’s activity depends on two transcriptional activation functions sequence: the ligand-
independent AF1 (transcriptional activating function 1), sited in NTD, and the ligand-dependent AF2 (transcriptional
activating function 2) located in LBD'® (Figure 1A).

Androgen Receptor has a role in several signal transduction pathways and is dynamically involved in breast
carcinogenesis process. Indeed, AR displays both transcriptional/genomic and non-transcriptional/non-genomic mechan-
isms of action, in addition to exhibiting several cross-talks with cell-growth and survival mediators.® The transcriptional/
genomic mode can be ligand-dependent or ligand-independent. The ligand-dependent action requires a bound between
androgens and their receptors, which is a key event promoting AR nuclear translocation. Into the nucleus, the AR DNA
Binding Domain recognizes the androgen receptor element (ARE) (Figure 1B). This interaction determines regulation of
gene expression. Androgen receptors recognize a plethora of target genes involved in cell proliferation, survival, fatty
acid and lipid synthesis as well as porphyrin and androgen/estrogen metabolism.’

In the ligand-dependent mode, AR interacts and modulates the activity of several intracellular second-messengers,
including mitogen-activated protein kinase/extracellular signal-regulated kinase (MAPK/ERK), Janus kinase-signal
transducer and activator of transcription 3 (JAK/STAT3), neurogenic locus notch homolog protein (NOTCH)-mediated
effectors and phosphatidylinositol-3-kinase/protein kinase B/mammalian target of rapamycin (PI3K/mTOR/AKT)

pathways'®'°

(Figure 1C). More specifically, a feedback loop between AR and ERK proteins has been proposed,
which can occur either in an ERK-dependent or ERK-independent fashion.?*' The ERK-dependent mode involves
cytoplasmic AR interaction with PI3K, Src and RAS guanosine triphosphatase (GTPase), inducing ERK nuclear
translocation and eventually promoting cell proliferation. In addition, following androgenic stimulation, either mem-
brane-bound AR, G protein-coupled receptors (GPCRs) or sex hormone-binding globulin receptor (SHBGR) increase
cyclic adenosine monophosphate (cAMP) expression, determining ERK pathway activation via protein kinase C,
eventually converging on MAPK/ERK pathway (Figure 1C). On the other hand, the ERK-independent mode is related
to the balance between mTOR and forkhead box protein O1 (FOXO1) deactivation, which induces cell proliferation.
Specifically, cytoplasmic AR/PI3K interaction results in mTOR phosphorylation and activation followed by FOXO1
phosphorylation and inactivation. This latter determines apoptosis signaling downregulation via cytoplasmic AR/PI3K
interaction or direct interaction between AR and FOXO1. Moreover, the modulation of intracellular Ca>" concentration
results in membrane binding of AR/GPCRs/SHBGR followed by protein kinase A (PKA) activation. Overall, the
abovementioned pathways lead to increased cell proliferation.'!-'#20-2%23

Evidences are also accumulating about the non-transcriptional/non-genomic mechanism of action, which does not
require DNA binding and does not imply gene expression regulation.”*

Androgen receptor activity is also influenced by multiple cross-talk networks, involving different signaling pathways,
intracellular modulators and nuclear factors.®

For instance, the interaction between AR and Estrogen Receptor beta (ERB) can influence tumor growth in AR
positive TNBC cells.”® Estrogen Receptor beta is expressed in one-third of Estrogen Receptor alpha (ERa) negative BC,
including TNBC.?® Androgen receptor activation regulates the ERB-mediated transcription by androgen responsive
elements (ARE) present into the ERB promoter. Moreover, ERB inhibits AR nuclear translocation by stimulating the
Phosphatase and tensin homolog (PTEN) protein. Activated PTEN inhibits mTOR signaling, promoting anti-proliferative
effect. Given the potential ERB anti-tumor effects enhanced by AR stimulation, AR has been proposed as a favorable

prognostic biomarker in ERB positive TNBC.?*
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Figure | Molecular structure and schematic representation of Ligand-dependent and -independent of Androgen Receptor transactivation. (A) The androgen receptor includes three
functional domains: a N-terminal domain (NTD) containing transcriptional activating functional | region (AFI); a DNA-binding domain (DBD); a C-terminal ligand-binding domain (LBD),
including transcriptional activating functional 2 region (AF2), which is connected to the DBD by a flexible Hinge region. (B) Ligand-dependent (AR genomic pathways). AR resides in the
cell cytoplasm in an active form linked to heat shock protein 90 and other chaperone proteins. In the process of ligand-dependent transactivation, AR binds the active androgens’
metabolite, such as 5a-dihydrotestosterone (DHT). AR is activated by phosphorylation (P) and dimerizes. The AR translocate into the nucleus where it binds to the androgen response
elements (ARE) in the promoter regions of target genes. Depending on its interaction with other co-regulator, AR-ARE interaction leads to cell proliferation, apoptosis and survival. (C)
Ligand-independent (AR genomic pathways). During this pathway, various growth factor, cytokines and receptor tyrosine kinases (RTKs) are activated and the AR is phosphorylated by
multiple signalling pathways such as RAS/RAF/MAPK/ERK, PIK3/AKT/mTOR or JAK2/STAT pathways. Blue, light blue, Orange and green arrows represent signaling activation.
Abbreviations: AKT, Protein kinase B; ERK, Extracellular signal-regulated kinase; JAK2, Janus kinase-signal transducer; MEK, Mitogen-activated protein; NCID, Notch
intracellular domain; Notch, Neurogenic locus notch homolog protein; PIP2, phosphatidylinositol-4,5-bisphosphate; PIP3, phosphatidylinositol 3,4,5-trisphosphate; PTEN,
PIP3 phosphatase and tensin homologue deleted on chromosome 10; RAF, Rapidly Accelerated Fibrosarcoma; RAS, Rat sarcoma virus; STAT3, Signal transducer and
activator of transcription 3.
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A functional cross-talk exists between AR and HER2 signaling pathways and it seems to have a role in cell proliferation.
Indeed, the simultaneous stimulation of AR and HER2 pathways in cell lines with molecular apocrine features positively
modulates proliferation and exerts anti-apoptotic effects.”® Additionally, a next-generation sequencing experience on a small
cohort of LAR BC patients showed a high incidence of HER2 mutations in this subset of patients.'®

Androgen receptor and mitogen-activated protein kinase kinase 1 (MEK) activities also seem to be interrelated, as
their co-inhibition reduces tumor growth and angiogenesis in-vivo.*’

According to other evidence, BRCAI onco-suppressor gene and its mutational status may influence AR signaling
through the activation of the NH2-terminal domain (AF-1) of the receptor, especially in the presence of exogenous p160
coactivator.*® More recently, Zhang and colleagues demonstrated that BRCA1 hampers AR proliferative effects in BC
cells through the activation of sirtuin (SIRT1) pathway.’' On the other hand, BRCAI mutated cells seem to display
reduced AR expression and might therefore present a reduced potency of AR-dependent signaling.*%*2

Androgen receptor is also implicated in cell cycle regulation. A recent study suggests that LAR subtype may be sensitive to
CDK4/6 inhibition due to a correlation between AR expression and low cyclin E1 levels.* In addition, Michmerhuizen reported
that AR and Retinoblastoma protein (Rb) expressions are positively associated, while AR has been shown to interact with other
transcription factors, including MYC, which exerts a pivotal role in cell cycle control. Indeed, high AR expression is negatively
correlated with MYC overexpression and promotes cyclin D-CDK4/6 activation.>*

In the nucleus, FoxAl facilitates AR chromatin access, exerting a key role in AR-driven transcription.®>-°
Additionally, Fox1A is a downstream target of GATA-3 transcription factor. It was postulated that GATA-3 reduces
chemotherapy responsiveness in HR negative BC, probably through AR signaling, supporting a direct correlation
between AR-positivity and GATA-3 over-expression in LAR BC.*’

The zinc-finger enhancer-binding protein 1 (ZEB1) is a transcription factor whose activation triggers the epithelial to
mesenchymal transition (EMT), increasing tumor’s metastatic potential and predicting a poor prognosis. The AR-ZEB1
cross-talk is probably dependent on the direct binding of ZEB1 to the E-box sequence on the AR promoter. Indeed,
ZEBI-knockdown cell lines present AR downregulation.*®

Lastly, a role of non-coding RNAs (nc-RNAs) in LAR BC has been investigated, since these transcripts have many
functional roles in regulating cancer processes, including proliferation, apoptosis, metastases and drug resistance.*”** To
this end, several studies demonstrated a cross-talk between AR and different nc-RNAs such as miR-363, let-7a, miR-30a,
miR-100, miR-125, miR-328-3p, miR-204 and miR9-5p.*'*” Androgen receptor activities may be controlled in different
ways by these specific nc-RNA. For instance, miR-100 and miR-125 block AR-mediated release of the metalloprotease
13 (MMP13),* while Baldini et al reported that the miR-9-5p acts as a tumor suppressor in TNBC cell lines. The authors
demonstrated that miR-9-5p resume AR-downstream signaling even in presence of AR-agonists.*” Studying the feedback
loops between AR and nc-RNAs may provide hints to therapeutic targeting of AR in LAR BCs.

In conclusion, AR carries out heterogeneous functions through several mechanisms and interactions in BC. The plethora of
AR intra-cellular cross-talks generate complex signaling networks, which may potentially serve as therapeutic targets in LAR BC
patients.

Therapeutic Targets: Preclinical and Translational Evidences

Given the historical paucity of therapeutic options for TNBC patients, AR represented an attractive target for the
treatment of LAR BC and its inhibition has been extensively studied in pre-clinical and translational models before
being translated into clinical trials.® Moreover, other biomarkers beyond AR have been identified and explored as
potential therapeutic targets, but only some of them have been tested in the clinic so far. The preclinical and translational
evidence about therapeutic targets in LAR BC are detailed below.

Androgen Receptor

The observation that synthetic androgens exert a tumorigenic effect in an AR positive TNBC cell line (ie MDA-MB-453 cell line)
paved the way to early experiments with anti-androgen compounds in LAR BC models.*® One of the first report about the
potential activity of anti-androgen bicalutamide in AR-positive TNBC dates back to Lehmann’s seminal work, in which the author
described the antiproliferative effect of this compound in several LAR BC cell lines and xenograft models.” Ensuing preclinical
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experiences proved the role of second generation anti-androgen enzalutamide in inhibiting the growth of LAR BC, including those
with low AR expression.**> According to these evidences enzalutamide effect mainly relies on apoptosis stimulation.*’ More
recently, proxalutamide (GT0918), a newer second-generation anti-androgen, showed anti-proliferative effects in AR positive
TNBC mouse xenograft models.”" All these compounds have been tested in clinical trials with inconsistent results.

PI3K/mTOR

In vitro experiments on a panel of LAR BCs cell lines showed frequent PI3K3CA activating mutations conferring sensitivity to the
PI3K inhibitor dactolisib (NVP-BEZ235).” This finding was confirmed by an ensuing study, were an enrichment of PIK3CA
alterations was observed in AR positive TNBC cell line and xenograft models.” In line with these observations, the simultaneous
administration of the mTOR inhibitor rapamycin and enzalutamide exerted a potent antitumor activity in a LAR xenograft
model.>> Overall, these data suggest a potential therapeutic role for the combination of AR antagonists with PI3K/mTOR
inhibitors in LAR BC patients. More recently, Coussy et al investigated the efficacy of a mTOR-PIK3CA inhibitor (PF-04691502)
in LAR TNBC patient-derived xenografts (PDX) models resistant to enzalutamide. They confirmed that PIK3CA and AKT1
mutations are frequent in this population and that the treatment with PF-04691502 may decrease tumor expansion in all models
probably due to complete suppression of the PI3K pathway.>* According to this finding, PF-04691502 may represent a therapeutic
option for LAR BC patients resistant to AR inhibitors who harbor PI3K/AKT signaling alterations.

BRCAI

It is known that BRCA 1 mutated cells are sensitive to Poly[ADP-ribose] polymerase 1 (PARP-1) inhibition through a synthetic
lethality mechanism.>® Based on preclinical data, the simultaneous administration of the AR inhibitor bicalutamide and of the
PARP1 inhibitor veliparib (ABT-888) resulted in increased apoptosis in AR positive TNBC models and could therefore represent
a viable therapeutic strategy.>®

CDK4/6 and Cell Cycle

Therapeutic targeting of cyclin-dependent kinase 4/6 (CDK4/6) represented a major breakthrough in HR positive BC treatment
According to preclinical evidence, LAR BC may also be sensitive to CDK4/6 inhibition. A single-cell analysis of in vitro and
in vivo CDK2 activity in LAR BC showed a strong anticancer effect of the CDK4/6 inhibitor palbociclib. This effect was even
stronger when the CDK4/6 inhibitor was combined with a PIK3CA inhibitor.>* Recently, Christenson et al investigated the effect
of the dual CYP17-lyase inhibitor and AR antagonist seviteronel in combination with the CDK4/6 inhibitor abemaciclib in AR
positive TNBC xenograft.*® The authors found a synergistic effect of the doublet compared to seviteronel or abemaciclib alone,
due to the simultaneous inhibition of AR signaling and cell cycle pathway.”® In LAR BCs, cell cycle could also be tackled
exploiting the feedback loops existing between AR and nc-RNAs. A bioinformatic analysis on four microarrays dataset identified
a potential hsa-miR-3163-G2/mitotic-specific cyclin-B1 (CCNB1) regulatory axis in 44 normal breast tissues and 37 AR positive
TNBC tissues.”® Previous study on prostate cancer models showed that AR is implicated in CCNBI gene regulation through an
interaction with E2F transcription factor, eventually influencing cell cycle progression.®® Accordingly, cyclin Bl may be
a potential treatment target for AR positive TNBC.

BET

Bromodomain (BRD) and extra terminal domain (BET) family proteins modulate protein—protein interactions, promoting cell
cycle progression, proliferation, and differentiation.®’ These proteins interact with AR and may represent a therapeutic target in
LAR BC.** Indeed, using gene expression analysis and immunoblotting assays, Park et al demonstrated a potent anti-tumor effect
of the BET-inhibitor JQ1 in AR positive TNBC cell lines. They also showed that JQ1 had a significant anti-tumor activity in
TNBC xenograft mouse models either as monotherapy or in combination with anti-AR therapy.®*

KDMIA

Preclinical studies investigated the functions of lysine (K)-specific demethylase 1A (KDM1A), a demethylase of mono-
and di-methylated histone H3 lysine 4 in multiple cancer types including BC, demonstrating that high expression levels
of this protein are associated with poor prognosis.®*®> KDMIA can act as a transcriptional activator or repressor to
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regulate target genes and its activity is critical for many cellular processes.®*®” The KDM1A inhibitor ORY-1001 has
been tested in two human TNBC cell lines, where it restored apoptosis by inactivating AR expression and inhibited cells
growth.®® Hence, KDM1A may represent an additional therapeutic target for AR positive TNBC.

TME

The tumor microenvironment (TME) is able to influence cancer development, progression, and treatment resistance.® A specific
TME profile has been associated to each TNBC subtype. In particular, luminal androgen receptor BCs are characterized by an
immunosuppressive and pro-tumorigenic phenotype with expression of a stromal signature able to promote an immunosup-
pressed TME. These data suggest that LAR BC might be treated by targeting regulatory T-cells or immunosuppressive pathways
including the adenosine pathway.”® For example, Kwilas et al reported that androgen deprivation with enzalutamide or abiraterone
induced immunogenic modulation in AR positive TNBC cells by the expression of tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) and apoptosis associated genes.”' This evidence poses the basis for the combinatorial use of anti-
androgen agents and immune checkpoint inhibitors (ICIs) in LAR BC.

Therapeutic Targets: Clinical Evidences

So far, AR has been considered the main therapeutic target for patients with LAR BC and it has been exploited in several
clinical trials with controversial and inconsistent results (Table 1). Given these disappointing outcomes and based on the
existing translational and preclinical evidence, many studies are currently ongoing in this population testing anti-
androgen agents in combination with other compounds, aiming at increasing the efficacy of these therapeutic strategies
(Figure 2) (Table 2). Updated evidence from clinical trials in LAR BC is summarized below.

The anti-androgen agent bicalutamide was tested in 25 women with metastatic TNBC and AR expression >10% at
immunohistochemistry (IHC). In this Phase II trial, the clinical benefit rate (CBR) at 6 months was 19% and the median
progression-free survival (mPFS) was 12 weeks.”” Similar results emerged from a single-arm phase II trial of abiraterone
acetate, a 17-[a]-hydroxylase/17,20-lyase (CYP17) inhibitor, in 34 patients with advanced LAR (AR>10%). In this study,
6-months CBR was 20%, with a dismal objective response rate (ORR) of 6.7% and a mPFS of 2.8 months.”
Consistently, in a larger cohort of LAR patients with AR expression >1% (n=118), monotherapy with enzalutamide
provided a 25% CBR at 16 weeks while the attained mPFS was 2.9 months.”* In the adjuvant setting, enzalutamide has
been administered for up to 1 year to 50 patients with stage I-III LAR, with >1% threshold for AR positivity. The 1, 2
and 3-year disease free survival (DFS) rates were 94%, 92% and 80%, respectively, while overall survival (OS) is still

Table | Published Studies in Luminal Androgen Receptor Triple Negative Breast Cancer

Reference Study Phase | Study Treatment Study Design Population (N) AR+ Efficacy Results*
(Study Name) Cut-off

Gucalp, 20137 1l Bicalutamide Single Arm, Open Label HR-/AR+ mBC (26—25 TNBC) >10% 6 months CBR— 19%
(TBCRC 0I1) mPFS— 12 weeks
Bonnefoi, 20167 1l Abiraterone acetate Single Arm, Open Label AR+ advanced TNBC (34) >10% 6 months CBR— 20%
(UCGBI2-1) ORR— 6.7%

mPFS— 2.8 months

Traina, 2018”3 Il Enzalutamide Single Arm, Open Label AR+ advanced TNBC (118) >1% 16 weeks CBR — 25%
(MDV3100-11) mPFS— 2.9 months
mOS— 12.7 months

Walsh, 202274 Il Enzalutamide Single Arm, Open Label AR+ stage |-l TNBC (50) >1% | year DFS— 94%

(Adjuvant for | year) 3 year DFS— 80%

mOS— NR
Jiang, 20227 Ib Proxalutamide Single Arm, Open Label AR+ mBC (45— 14 TNBC) >1% 8 weeks CBR— 38.5%
Gucalp, 20177 | Seviteronel Single Arm, Open Label HER2-/AR+ mBC (30—16 TNBC) | >10% 16 weeks CBR— 33%
(CLARITY-01)
(Continued)
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Table | (Continued).

Reference Study Phase | Study Treatment Study Design Population (N) AR+ Efficacy Results*
(Study Name) Cut-off
Yardley, 202177 Orteronel Single Arm, Open Label AR+ mBC (70—26 TNBC) >10% ORR— 4.8%*
6 months CBR— 4.8%
mPFS— 2.0 months
Arnedos, 2022 1l Darolutamide vs Randomized (2:1), Open AR+ advanced TNBC (94) >10% 16 weeks CBR—
(UCBG3-06/ Capecitabine Label 24.5% (D), 47.8% (C)
START)”® mPFS— 1.8 months
(D), 3.6 (C)
mOS— 13.3 months
(D), 18.1 (C)
Gucalp, 20207’ Il Palbociclib + Bicalutamide Single Arm, Open Label AR+ advanced TNBC (33) >1% 6 months CBR—
35.4%
ORR— 3.2%
Lehmann, 2020%° 1 Taselisib + Enzalutamide vs Phase | Single arm AR+ mBC (30—20 TNBC) >10% 16 weeks CBR— 0%
(TBCRC 032) Enzalutamide Phase Il Randomized (3:1) (E), 35.7% (T+E)
Open Label mPFS— 2.1 months
(T+E)
Yuan, 2021®' ] Pembrolizumab + Single Arm, Open Label AR+ mTNBC (18) >10% 16 weeks CBR— 25%
Enobosarm ORR— 13%
mPFS— 2.6 months
mOS— 25.5 months

Note: *Referred to TNBC patients only.
Abbreviations: AR, androgen receptor; BC, breast cancer; CBR, clinical benefit rate; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; m, metastatic;
mOS, median overall survival; mPFS, median progression free survival; N, number; NR, not reached; ORR, objective response rate; TNBC, triple negative breast cancer.

immature.”> Another phase Ib trial tested the anti-androgen proxalutamide in a Chinese cohort of mBC patients with
AR>1%. Among these, 14 patients with LAR obtained an 8-weeks CBR of 38.5%.” Seviteronel and orteronel are
nonsteroidal inhibitors of 17, 20-lyase, which block estradiol and testosterone synthesis. In phase I studies enrolling
subjects with advanced TNBC and AR>10%, seviteronel showed a 16-week CBR of 33% in 16 patients, while orteronel
provided a disappointing 4.8% 6 CBR at 6 months and mPFS of 2 months in 26 patients.””-’® Recently, results of the first
randomized phase II trial in patients with LAR BC have been presented. Patients with advanced TNBC and at least 10%
expression of AR were assigned to receive the anti-androgen darolutamide (n=61) or capecitabine (n=33). Dorulatamide
failed to show better outcomes in terms of 16 weeks CBR (24.5% in the experimental arm versus 47.8% in the control
arm) and mPFS (1.8 months in the experimental arm versus 3.6 months in the control arm).”®

Given the scarce activity of anti-androgen monotherapy, different combination strategies have been proposed. For
instance, ongoing trials are evaluating enzalutamide plus paclitaxel in the neo-adjuvant phase (NCT02689427) and
seviteronel plus docetaxel in the advanced setting (NCT04947189). Preliminary efficacy results are available for the
combination of the CDK4/6 inhibitor palbociclib and bicalutamide in patients with AR positive (>1%) TNBC, showing
a 33% CBR at 6 months.*® Early phase trials are also ongoing combining abemaciclib or ribociclib with bicalutamide in
the same subset of patients (NCT05095207, NCT03090165). Simultaneous inhibition of androgen receptor and phos-
phatidyl-inositol-3-kinase (PI3K) has been addressed in a phase I/Il study testing enzalutamide and taselisib. Twenty
patients with metastatic LAR were included in this trial, attaining a 16 weeks CBR of 35.7% and a mPFS of 2.1
months.®' Another trial is currently evaluating enzalutamide with the alfa-subunit selective PI3K inhibitor alpelisib
(NCT03207529).

Finally, the immune-checkpoint inhibitor pembrolizumab was combined with the androgen receptor modulator
enobosarm in patients with >10% AR positive metastatic TNBC. The observed 16-week CBR was 25.5% with an
ORR of 13%, a mPFS of 2.6 months and mOS of 25 months.* Other ongoing trials are currently enrolling patients with
LAR to test immunotherapy combination strategies, such as palbociclib plus avelumab (NCT04360941) or bicalutamide
plus nivolumab and ipilimumab (NCT03650894).
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Figure 2 Schematic representation of therapeutic strategies used to inhibit Androgen Receptor signaling in LAR TNBC patients. (A) Androgen are produced from
cholesterol and CYP17-lyase inhibitors, like Abiraterone Acetate, Orteronel and Seviteronel, inhibit the conversion of cholesterol in androgen (I). On the contrary, the
antiandrogens bicalutamide, enzalutamide, proxalutamide or seviteronel block androgen binding to androgen receptor (AR) (2). Different treatment strategies currently
combining antiandrogen therapy, such as bicalutamide or enzalutamide with CDK4/6 inhibitor Abemaciclib, Palbociclib or Ribociclib (B), or with PI3K inhibitors Alpelisib or
Raselisib (C), or immunotherapy with Ipilimumab or Nivolumab (D). Blue, light blue and orange arrows represent signaling activation, while red, blue, purple and green bars

depict inhibition of target signals.

242 https: OncoTargets and Therapy 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Stella et al

Table 2 Ongoing Studies in Luminal Androgen Receptor Triple Negative Breast Cancer

NCT (Study Name) | Study Study Treatment Study Population Primary Outcome/ Preliminary
Phase Design (Expected N) Secondary Outcomes Results
NCT04947189 1] Docetaxel + Seviteronel Single Arm, AR+ mTNBC (65) RPD2D/AE, ORR, DoR, OS No
(4CAST) Open Label
NCT02689427 Il Paclitaxel + Enzalutamide Single Arm, Stage |-l AR+ TNBC (37) pCR, RCB, PFS Yes
(neoadjuvant) Open Label
NCT05095207 m Abemaciclib + Single Arm, AR+/HER2- mBC (60) DLT/AE, CBR Yes
Bicalutamide Open Label
NCT03090165 11l Ribociclib + Bicalutamide Single Arm, AR+ advanced TNBC (37) MTD (phase ), CBR (phase Il)/PK, AE, Yes
Open Label CBR, ORR, DoR, PFS, OS
NCT03207529 | Alpelisib + Enzalutamide Single Arm, AR+/PTEN+ mBC (28) MTD/AE, CBR, PFS No
Open Label
NCT04360941 | Palbociclib + Avelumab Single Arm, AR+ mTNBC (45) MTD, ORR/CBR, PFS, AE No
(PAveMenT) Open Label
NCT03650894 1] Nivolumab + Ipilimumab Single Arm, HER2- mBC* (138) CBR (by iRECIST)/ORR, PFS, OS No
+ Bicalutamide Open Label

Note: *Patients with mTNBC must be AR+.

Abbreviations: AE, adverse events; AR, androgen receptor; BC, breast cancer; CBR, clinical benefit rate; DLT, dose-limiting toxicity; DoR, duration of response; HER2,
human epidermal growth factor receptor 2; iRECIST, immune Response Evaluation Criteria in Solid Tumors; m, metastatic; MTD, maximum tolerated dose; N, number;
ORR, objective response rate; OS, overall survival; pCR, pathological complete response; PFS, progression free survival; PK, pharmacokinetic; RCB, residual cancer burden;
RP2D, recommended phase Il dose; TNBC, triple negative breast cancer.

Discussion and Conclusion

In last decades, improved understanding of cancer biology led to the discovery of several actionable targets and enabled the
development of new treatments that ultimately paved the way to personalized medicine.*® This paradigm shift from “one
size fits all” to “to each his own” involved almost every tumor type, including BC.** However, while several targeted
options have been developed for HR positive and HER2 positive tumors in the last decades, TNBC has been considered an
undruggable subtype for a long time.*> The seminal works by Lehman and Burstein dissected TNBC molecular profile,
unravelling its profound heterogeneity and defining a new and unique entity of LAR BC.>° Since then, a plethora of studies
focused on this BC subtype, aiming to clarify the role of AR in disease pathogenesis, progression, prognosis and response to
therapies. Overall, AR seems to exert a pleiotropic role in BC cells, as confirmed by the plethora of networks, which are
able to establish with different mediators.® Beyond the mechanistic evidence about AR functioning, many researches
focused on the potential role of this receptor as a druggable target, taking also into account decades of successful AR
inhibition in prostate cancer.’®*° Indeed, preclinical evidence showed encouraging signs of activity of different anti-
androgen agents (bicalutamide, enzalutamide and proxalutamide) in LAR BC cell lines and xenograft models,'**~!
but these results did not translate into significant clinical activity. In clinical trials enrolling advanced LAR BC patients,
monotherapy with an antiandrogen agent provided a disappointing mPFS of about 2-3 months and in a head-to-head
comparison capecitabine outperformed darolutamide in terms of both CBR and mPFS.”>"*”® Overall, blocking AR alone
does not seem to exert a clinically relevant anti-tumor effect in LAR BC patients, and AR overexpression should probably
be considered a diagnostic biomarker rather than a therapeutic target for this BC subtype.

The reasons for the discrepancy between the preclinical and clinical activity of antiandrogen agents in LAR BC are
still unknown. A potential explanation may be the lack of standardization in AR detection methods, both in terms of
positivity thresholds and antibodies staining.®” Additionally, the presence of AR splice variants (AR-V), such as AR-V7,
may determine primary resistance to anti-androgen agents, as already shown in prostate cancer.®®®*’ Also, AR involve-
ment into several intracellular networks may foster escape mechanisms, which eventually determine resistance to anti-
androgen monotherapy. The pleiotropic role of AR in BC cells can be a cause of treatment resistance but may also be
exploited for treatment purposes, as shown by several combinatorial approaches developed so far.***7" While some
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combinations, such as anti-androgen agents plus PI3K/mToR inhibitors, CDK4/6 inhibitors or immunotherapeutic agents,
display promising results in the preclinical and translational contexts, confirmation from ongoing clinical trials is still
needed.

Several other questions about the management of LAR BC patients remain open, including whether AR should be
routinely evaluated in TNBC and with which method and threshold. Additionally, it is debated whether newer anti-
androgen compounds should be tested as well as which combination strategies deserve further development in clinical
trials. In order to address all these controversies, further researches are needed with the ultimate goal to improve the
outcomes of patients with LAR BC.
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