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Simple Summary: Triple negative breast cancer (TNBC) comprises 10–20% of diagnosed breast
cancers. TNBCs are devoid of common biomarkers such as an estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2 (HER2). Research is currently being
conducted to determine the androgen receptor’s (AR) role in TNBC and determine its ability to be
utilized as an effective drug target in the absence of the commonly targeted receptors. Many studies
combine anti-androgen drugs with other chemotherapy to decrease tumor growth and proliferation.
The further understanding of AR’s mechanism in tumor cells can improve drug efficacy as well as
the prognoses of patients suffering from TNBC.

Abstract: To assess AR’s role in TNBC treatment, various existing and completed clinical trials
targeting AR or co-targeting AR with other pertinent signaling molecules were analyzed. Cyclin-
dependent kinase 4/6 (CDK4/6), cytochrome P450 17α-hydroxylase/17,20-lyase (CYP17 lyase), and
the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) signaling pathway were some
of the most prevalent biomarkers used in combination therapy with AR inhibitors in these trials.
Studying how AR functions in tandem with these molecules can have increasing breakthroughs in
the treatment options for TNBC. Previous studies have been largely unsuccessful in utilizing AR
as the sole drug target for systemic targeted treatment in TNBC. However, there is a lack of other
commonly used drug target biomarkers in the treatment of this disease, as well. Thus, analyzing
the clinical benefit rate (CBR) within clinical trials that use combination therapy can prove to be
imperative to the progression of improving treatment options and prognoses.

Keywords: AR; TNBC; CDK4/6; CYP17 lyase; PI3K/AKT; ER; PR; HER2; DHT

1. Introduction

Breast cancer is one of the most common cancers in women, yet metastatic breast
cancer proves to be the least curable. Specifically, TNBC, devoid of commonly targeted
receptors, is an aggressive type that is difficult to treat. Additionally, breast-cancer-related
deaths are largely related to metastasis [1]. The current treatment management protocol
for TNBC is dependent on the programmed death-ligand 1 (PD-L1) and BReast CAncer
gene 1/2 (BRCA1/2) status. If patients are PD-L1-positive, then a combination therapy
of pembrolizumab plus chemotherapy is initiated [2]. If patients are PD-L1-negative, but
exhibit germline BRCA1/2 mutations, olaparib therapy is initiated [3]. To treat those TNBC
cases that are PD-L1- and BRCA1/2-negative, it is urgent to uncover more information
regarding the related receptors and proteins that can act as drug targets, one such receptor
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being AR and its associated signaling pathways. AR’s specific role in breast cancer is
currently widely unknown and its association to signaling pathways such as CDK4/6,
CYP17 lyase, and PI3K can be a huge development in the treatment of TNBC.

Given CDK4/6’s potent activity in breast cancer cells, researchers aimed to inhibit
this activity in conjunction with AR inhibitors [4]. Some studies are combining CDK4/6
inhibitors with AR modulators, the logic behind this being that when ER is positive, AR
activation seems to develop tumor suppression activity [5]. If these treatments are showing
success in other cancer cell lines, it is imperative to test them on TNBC cell lines as well.

CYP17 lyase inhibitors have been studied extensively in the context of prostate cancer.
Many studies have sought its effects specifically in castration-resistant prostate cancer to
improve overall survival [6–8]. New trials are aiming to apply this mechanistic effect on
breast cancer patients, specifically using drugs that inhibit androgens via the CYP17 lyase
pathway [9,10].

Similarly, most AR-targeted drugs are approved in the context of prostate cancer, but
are still being studied extensively in the context of breast cancer [11]. A combination with
PI3K inhibition seemed to catalyze the effects and is another important pathway to research
in the ongoing search for effective drugs for TNBC patients [12]. The mechanisms behind
these combination drug targets are constantly being further studied to improve treatment.
Without this knowledge, the metastasis of breast cancer, in TNBC specifically, will continue
to cause death among patients enduring this disease.

2. TNBC Subtype of Breast Cancer

TNBC is the deadliest subtype of breast cancer comprising 10–20% of all and charac-
terized by its metastatic phenotype [13]. The majority of TNBC tumors are basal-like, with
a reported 60–90% overlap between the subgroups, but the terms TNBC and basal-like are
not interchangeable. Basal-like tumors are characterized by genes present in normal breast
myoepithelial cells such as cytokeratins CK 5, CK17, P-cadherin, nestin, caveolin 1–2, CD44,
and EGFR and have an increased incidence of p53 and BRCA1 mutations, which results in
high genomic instability, tumor aggressiveness, and poor prognosis [14]. Basal-like tumors
appear at an early age, having a large tumor size and high histological grade. They also
have a high mitotic index and the pattern of metastatic relapse is aggressive, which mainly
occurs in visceral organs such as the lungs, central nervous system, and lymph nodes.

The androgen receptor is a novel target in TNBC. “Luminar AR” (LR) is a subtype
of TNBC with a better prognosis but resistance to neoadjuvant chemotherapy. Seminal
studies by Lehman et al., 2011, defined four molecular subtypes of TNBC based on their
transcriptional profiles: two basal subtypes (BL1 and BL2), a mesenchymal (M) subtype
lacking immune cells, and a luminal androgen receptor subtype (LAR) that is enriched in
AR expression and follows its transcription program [15].

3. Why Target Androgen Receptor?

The initial results from clinical trials indicated a potential clinical benefit for targeting
the AR pathway in breast cancer [12,16]. Retrospective studies in patients demonstrated
that LAR tumors are less responsive to standard chemotherapy than other TNBC tumors,
underscoring the need for the identification of novel therapeutic strategies [16,17].

AR is expressed in normal breast tissue and decreases to 10–50% expression in
TNBC [18,19]. In prostate tumors, many pertinent pathways involved in signaling are
regulated by AR activity. AR activity has also been linked to cell cycle promotion, cell
metabolism and growth, and other vital cellular processes [20,21]. Thus, researchers are
interested in applying this information to breast cancer studies.

AR can also be utilized as a target and possibly be co-targeted with the other signaling
molecules it often interacts with, such as CDK4/6, CYP17 lyase, and the PI3K/AKT signal-
ing pathway, as seen in Figure 1. Some AR expression is beneficial for prognosis, too much
expression, however, along with heightened activity, leads to enhanced tumor growth [22].
AR’s effects on tumor growth are outlined by the different subtype being studied and the
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implicated pathways. In ER (−), HER 2 (+) breast cancer, AR transcriptional activity is
promoted which increases tumor growth. In TNBC, a similar effect is observed. In breast
cancer tumors with ER expression, AR and ER regulate each other’s transcription, and the
ratio between the two receptors determines the outcome [22]. AR works in collaboration
with many other proteins and pathways, making it an important biomarker for targeting
and co-targeting.
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noblastoma (Rb) tumor suppressor gene, which regulates the cell cycle. When this kinase is inhib-
ited, cell cycle regulation is altered, specifically, the checkpoint between the G1 and S phase, ampli-
fying the effects of AR inhibitors on the cell cycle. Trastuzumab deruxtecan inhibits the HER2 re-
ceptor, which diminishes its normal impact on DNA damage repair. 

AR in the Context of Hormone Dysregulation 
AR is activated by androgens such as dihydrotestosterone (DHT), while its inactive 

form is bound to heat shock proteins [20]. AR captures androgen in the cytoplasm and is 
subsequently activated to transport to the nucleus and bind to DNA, promoting the tran-
scription of certain genes affecting cell cycle progression such as MYB or CCND1 [23]. The 
role of AR in females is still not well understood. In prostate cancer, the interaction be-

Figure 1. AR is inactive until DHT binds it, allowing for activation via homodimerization. This
homodimer binds to androgen response elements (AREs) to contribute to effects on cell cycle, DNA
damage repair, and metastasis. The binding action of AR inhibitors, enzalutamide or bicalutamide,
blocks the homodimerization of the receptor and its downstream effects. CYP17 lyase inhibitors
such as seviteronel, galeterone, or orteronel can augment the effect of AR inhibitors by blocking
the CYP17 lyase pathway, which is imperative to forming the DHT that binds and activates AR.
PI3K inhibitors can also block expected downstream effects of AR. These inhibitors include alpelisib,
taselisib, and ipatasertib. They bind the receptor upstream of the PI3K-AKT-mTOR pathway, which is
involved in regulating the growth and proliferation of the cell. CDK4/6 inhibitors such as palbociclib,
abemaciclib, and ribociclib block CDK4/6, the kinase responsible for phosphorylating Retinoblastoma
(Rb) tumor suppressor gene, which regulates the cell cycle. When this kinase is inhibited, cell cycle
regulation is altered, specifically, the checkpoint between the G1 and S phase, amplifying the effects of
AR inhibitors on the cell cycle. Trastuzumab deruxtecan inhibits the HER2 receptor, which diminishes
its normal impact on DNA damage repair.

AR in the Context of Hormone Dysregulation

AR is activated by androgens such as dihydrotestosterone (DHT), while its inactive
form is bound to heat shock proteins [20]. AR captures androgen in the cytoplasm and is
subsequently activated to transport to the nucleus and bind to DNA, promoting the tran-
scription of certain genes affecting cell cycle progression such as MYB or CCND1 [23]. The
role of AR in females is still not well understood. In prostate cancer, the interaction between
AR activity and the signaling pathways it regulates, such as the PI3K and RAS pathways, is
well known. AR dysregulation serves as a signal for hormonal disorders such as androgen
insensitivity and prostate cancer. For many cases, androgen deprivation therapies have
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proven successful, as the activation of its signaling promotes tumor growth [20]. In breast
cancer, the role is not as unambiguous. For example, in cases where ER is present, AR has
exhibited tumor suppressor activity, and selective AR modulators are proving to be more
effective treatment options as compared to AR inhibitors [23].

4. Why Co-Target AR with Other Pathways?

AR alone has thus proven unsuccessful in acting as a target for treatment. Synthetic
steroidal androgens have caused unwanted adverse effects in treatment. The most ef-
fective treatment plan includes agents that target AR combined with signal transduction
inhibitors [22]. This is being tested in clinical trials administering AR antagonist bicalu-
tamide in combination with Palbociclib, a CDK4/6 inhibitor [4]. Other treatments that are
currently being tested are combining AR antagonists that utilize different mechanisms to
target and block AR in AR-positive TNBC. This combination is advantageous in affecting
AR and its corresponding genes from different angles, increasing the efficacy of the treat-
ment [24]. AR-positive tumors with ER alpha show better prognosis due to the antagonistic
nature of AR and ER alpha, in relation to androgen binding. This competition increases the
probability of apoptosis. In contrast, in ER-negative tumors, AR mostly binds to androgens,
increasing tumor growth [22]. Combining biomarkers and understanding the mechanism
of how they act synchronously is the next step in efficiently treating breast cancer.

4.1. Co-Targeting AR and CDK4/6

Clinical trials are currently working on determining the safety and efficacy of combi-
nation therapy, including CDK4/6 inhibitors (abemaciclib, ribociclib, and palbociclib), with
anti-androgens such as bicalutamide and with selective AR modulators such as enobosarm.
The objective of these studies is to understand the relationship between CDK4/6 and AR
and why co-targeting these two important biomarkers can improve CBRs among patients.
CDK4/6 inhibitors act to prevent the cell cycle from progressing from the G1 to the S
phase [25]. AR’s role in nuclear localization may be involved in this progression. AR is
considered an oncogene in prostate cancer, thus, inhibiting AR can deter cell proliferation,
allowing for tumor suppression [26]. CDK4/6 inhibitors alone have shown non-selective ef-
fects [27]. Combining this therapy with AR inhibitors may localize the effects and improve
the prognosis for patients undergoing treatment.

Abemaciclib alone has been approved for the treatment of hormone receptor-positive
(HR+) advanced/metastatic breast cancer. Compared to the other noted CDK4/6 inhibitors,
abemaciclib shows increased potency and specificity for CDK4 based on previous stud-
ies [28]. This drug treatment was shown to achieve a CBR of 49%. This was measured by
summing complete and partial responses as well as stable disease at or after 24 weeks [29].
This inhibitor is now being tested for TNBC in combination with bicalutamide, as seen in
clinical trial NCT05095207, outlined in Table 1. It is hypothesized that the combination
of the CDK4/6 inhibitor and AR inhibitor can improve the efficacy of treatment and the
overall prognosis for TNBC patients.

Bicalutamide trials combined with ribociclib are currently ongoing. Clinical trial
NCT03090165, summarized in Table 1, is investigating the MTD and CBR of the com-
bined treatment. It was hypothesized that the use of CDK4/6 inhibition would enhance
the activity of the androgen inhibitor, bicalutamide, as seen in previous prostate cancer
cell lines. Current studies using AR inhibitors alone provide modest response rates in-
dicating impending anti-androgen resistance. Thus, combining CDK4/6 inhibition with
anti-androgens can eliminate this possible setback. Preliminary results suggest the tolera-
tion of the combination drug therapy [30]. If there is continued low toxicity and increased
CBR compared to the treatments alone, this combined therapy can be an improvement in
the examination of AR+ TNBC treatment availabilities.
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Table 1. Current clinical trials co-targeting AR and CDK4/6, CYP17 lyase, and PI3K/AKT pathway.

Trial Number Trial Name Drug Name(s) Purpose Outcomes Phase

NCT05095207

Abemaciclib in
combination with
bicalutamide for AR+,
HER2-metastatic breast
cancer

Abemaciclib and
Bicalutamide

Determine the
dose-limiting toxicity and
efficacy of this
combination therapy

Accrual Status: Active
Hypothesized that the
two drugs together will
improve CBR based on
preclinical data and the
drug properties

IB/II

NCT03090165
Ribociclib and
bicalutamide in AR+
TNBC

Ribociclib and
Bicalutamide

Determine the safety and
efficacy of this
combination therapy

Accrual Status: Active
Primary outcome to be
measured by MTD for
combination of drugs
without dose-limiting
toxicity and CBR

I/II

NCT02605486

Palbociclib in
combination with
bicalutamide for the
treatment of AR+
metastatic breast cancer
(MBC)

Palbociclib and
Bicalutamide

Determine the safety and
efficacy of this
combination therapy as
well as determining
effective dosage

Accrual Status: Active
Primary outcomes to be
measured by
determination of the
RP2D (phase I) and PFS
(phase II)

I/II

NCT05065411

Efficacy and safety
evaluation of enobosarm
in combo with
abemaciclib in treatment
of ER+ HER2-metastatic
breast cancer

Enobosarm and
Abemaciclib
Combo

Determine the safety of
enobosarm used with
abemaciclib as compared
to the estrogen-blocking
control group,
exemestane, and
fulvestrant

Accrual Status: Active
Primary outcome to be
measured by PFS in the
combination drug group
as compared to the
control group

III

NCT01808040

A Phase IB Study of
TAK-700 in
postmenopausal women
with HER2+ metastatic
breast cancer

TAK700 (CYP17
Lyase Inhibitor)

Determine dose
escalation and dose
expansion of TAK700 in
female metastatic breast
cancer patients, test
TAK700′s ability to
decrease estrogen levels

Accrual Status:
Completed
Results not yet submitted,
primary outcomes to be
measured by number of
patients with adverse
effects to determine
RP2D, decrease in serum
estradiol levels

I

NCT02130700

Oral VT-464 in patients
with castration-resistant
prostate cancer (CRPC)
previously treated with
enzalutamide, AR+
TNBC patients and men
with ER+ breast cancer

VT-464
(lyase-selective
inhibitor of
CYP17)

Determine the efficacy
and safety of VT-464 in
CRPC patients treated
with enzalutamide, AR+
TNBC patients, and male
AR+ BC patients

Accrual Status:
Completed
Results not yet posted,
primary outcomes to be
measured by serum PSA
decrease, PFS, and CBR

II

NCT02580448
CYP17 Lyase and AR
inhibitor treatment with
seviteronel trial

Seviteronel

Determine the RP2D of
seviteronel for TNBC or
ER+ BC patients in phase
I as well as safety,
pharmacokinetics, and
pharmacodynamics in
phase II

Accrual Status:
Completed
Results not yet submitted,
primary outcome to be
measured by CBR at 16
weeks for TNBC female
patients and all male
patients, CBR at 24 weeks
for ER+ BC female
patients

I/II

NCT02457910

Taselisib and
enzalutamide in treating
patients with AR+
triple-negative metastatic
breast cancer

Taselisib and
Enzalutamide

Determine the side effects
and most effective dose
of this combination
therapy in AR+ TNBC

Accrual Status: Active
0.357 CBR in combination
therapy patients, dose
limiting toxicity of 0
measured in doses
ranging 2–8 mg of
taselisib with 160 mg
enzalutamide

IB/II
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Table 1. Cont.

Trial Number Trial Name Drug Name(s) Purpose Outcomes Phase

NCT03207529

Alpelisib and
enzalutamide in treating
patients with AR+,
PTEN+ metastatic breast
cancer

Alpelisib and
Enzalutamide

Determine the maximum
tolerated dose (MTD) of
this combination therapy

Accrual Status: Active
Primary outcome will be
measured using MTD

I

NCT03840200

A study evaluating safety,
pharmacokinetics, and
efficacy of ipatasertib
administered in
combination with
rucaparib in participants
with advanced breast,
ovarian, and prostate
cancer

Ipatasertib and
Rucaparib

Determine safety and
pharmacokinetics of this
combination therapy as
well as dose escalation
and expansion

Accrual Status:
Completed
Results not yet submitted,
primary outcome to be
measured by percentage
of patients with adverse
effects and dose-limiting
toxicities

I

Enzalutamide has shown greater affinity for the AR target as compared to bicalu-
tamide. In trials of castration-resistant prostate cancer patients, enzalutamide reduced
the risk of progression or mortality by 76% compared to bicalutamide [31]. Studies ana-
lyzing AR+ cell lines showed enhanced effects on survival inhibition with enzalutamide
treatment combined with ribociclib. When studying growth inhibition via a cell viability
assay, enzalutamide treatment combined with ribociclib showed a statistically significant
improvement in its ability to diminish the cell viability of AR+ BC cell lines in comparison
to enzalutamide alone [32]. The next step is to combine these treatments for a clinical trial to
determine the maximum tolerated dose (MTD) of each, as well as progression free survival
(PFS) or CBR.

Bicalutamide has shown efficacy alone in treating AR+ BC with a median PFS of 12
weeks [33]. In previous studies, Palbociclib has reduced the growth of AR+ TNBC cells
as well, due to this cell type expressing intact retinoblastoma, a common protein target
of Palbociclib [34,35]. The clinical trial labeled NCT02605486 in Table 1, tested this AR
inhibitor and CDK4/6 inhibitor in combination, hypothesizing that the combined effects
would have increased efficacy in AR+ BC patients [33]. The preliminary results show that
eleven patients enrolled in the study presented PF for 6 months with no toxicity, indicating
the further study of the combined therapy [33].

CDK4/6 inhibition is also being utilized in combination with selective AR agonists
such as enobosarm in AR+ ER+ HER2- BC. Given that the presence of ER correlates with
an upregulation of AR’s tumor suppressor function, trial NCT05065411 (Table 1) will target
CDK4/6 to inhibit cell growth and proliferation while modulating AR’s activity to induce
tumor suppression. Enobosarm exerted its effects more efficiently when patients had AR
nuclear staining ≥40% and prior CDK4/6 inhibition therapy [5]. This further elaborates on
the intricate role of AR in females, and specifically, its relationship with ER in BC cell types
beyond TNBC.

4.2. Co-Targeting AR and CYP17 Lyase

Androgen receptor signaling has been targeted by directly inhibiting AR, or by de-
creasing the adrenal and tumoral synthesis of androgens. Androgen production is highly
dependent on the enzymatic activity of CYP17, which has both 17α-hydroxylase and
17,20-lyase activity [36]. As the inhibition of hydroxylase activity reduced cortisol levels
(and necessitating the co-administration of glucocorticoids with first-generation CYP17
inhibitors), new CYP17 inhibitors (such as seviteronel, galeterone, and orteronel) were
developed with the intention of selectively inhibiting CYP17 lyase activity [37]. By blocking
androgen synthesis via inhibiting CYP17 lyase activity, tumors have reduced activation
of AR signaling. Interestingly, several CYP17 lyase inhibitors such as seviteronel, but not
orteronel, have also been shown to have competitive AR inhibition [37]. Seviteronel was
able to not only directly bind AR and prevent androgen-mediated gene expression, but also
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reduce the nuclear translocation and accumulation of AR [37]. Orteronel was not found to
have any AR antagonism activity nor ability to attenuate the androgen-mediated nuclear
localization of the receptor [37].

Recent phase I and II clinical trials have studied the effects of seviteronel and orteronel
in both HR-sensitive breast cancers and TNBCs. Following in vitro studies showing that
seviteronel was able to inhibit AR+ TNBC growth on soft agar [38], the CLARITY-01 phase
I/II trial (NCT02580448) investigated the effects of seviteronel in both ER+ and TNBCs.
The study showed that seviteronel was well tolerated and demonstrated a CBR at 16 weeks
of 33% (two out of six patients) in patients with TNBCs and a CBR at 24 weeks of 18% (2
out of 11 patients) in patients with ER+, HER2- metastatic breast cancer [39]. Seven out of
ten patients with circulating tumor cells (CTCs) at the baseline had a median reduction in
CTCs of −94.3% (range: −27.5% to −100%) [39]. Four patients in the TNBC cohort and
eight patients with ER+ metastatic breast cancer remain on seviteronel therapy [39]. These
results seem to suggest that seviteronel may be a therapeutic option for patients with AR+
breast cancer.

An early phase 1b clinical trial showed that orteronel was well tolerated in post-
menopausal women with HR+ metastatic breast cancer [9]. Of a cohort of eight heavily
pretreated patients, a clinical benefit was seen in two patients who had a stable disease for
more than 6 months. However, a follow-up phase II trial of orteronel in AR+ metastatic
TNBCs or AR+ metastatic HR+ breast cancer showed limited clinical activity [40]. Just
1 patient out of 21 patients (4.8%) with AR+ TNBCs demonstrated an objective response to
therapy and none of the 23 patients with AR+ HR+ metastatic breast cancer responded to
orteronel [40]. This difference in the patient response to treatment between the seviteronel
trial and the orteronel trial seems to suggest that the inhibition of CYP17 lyase alone is not
sufficient for therapy. Seviteronel appears to be a much more promising therapy for AR+
TNBCs, potentially due to its ability to both inhibit CYP17 lyase as well as its direct AR
inhibition.

Seviteronel has also been shown to work in unison with enzalutamide to radiosensitize
AR-positive TNBC tumors more efficiently than when administered individually [41]. This
is potentially due to the fact that while seviteronel has direct AR inhibition, its mechanism
of AR inhibition is distinct from that of enzalutamide [37]. Given the promise of seviteronel
in its phase II trial, and the effects demonstrated in pre-clinical studies in conjunction with
enzalutamide, further efforts should investigate the potential effects of dual enzalutamide
and seviteronel therapy to co-target AR and CYP17 lyase.

4.3. Co-Targeting AR and PI3K/AKT Pathway

Other clinical trials are targeting the PI3K/AKT/mechanistic target of the rapamycin
(mTOR) pathway via drugs such as alpelisib, taselisib, and ipatasertib in combination
with AR inhibitors, such as enzalutamide. The PI3K/AKT/mTOR pathway—a central
pathway regulating cell growth and proliferation—is associated with endocrine resistance
in breast cancers [42], and is among the most frequently mutated pathways in TNBCs [43].
This endocrine resistance could be due to reciprocal feedback loops and crosstalk between
AR-PI3K pathways [44]. It has been demonstrated in prostate cancer that the inhibition
of PI3K leads to the activation of AR, while the loss of AR activity promotes PI3K/AKT
pathway activity [21]. Preclinical studies in AR+ TNBC cell lines have also shown that
treatment with AR inhibitors along with PI3K/mTOR inhibitors was more effective than
treatment with AR inhibitors alone [43].

Following the promising preclinical results, a recent phase Ib/II clinical trial inves-
tigated the safety and efficacy of enzalutamide in combination with taselisib, a PI3K
inhibitor [12]. In phase I, it was discovered that the combination was well tolerated among
patients [12]. Nineteen TNBC patients were enrolled for phase II, with 5 patients receiving
only enzalutamide and 14 receiving enzalutamide with 4 mg of taselisib. At 16 weeks,
it was found that one patient receiving the combination therapy had a partial response,
while four patients had stable diseases. The CBR at 16 weeks for the combination therapy
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was 35.7%, compared to 0% for the enzalutamide-only arm [12]. The median PFS was
3.4 months for patients with both taselisib and enzalutamide [12]. These results appear to
suggest that co-targeting AR and PI3K pathways can cause a clinical benefit compared to
targeting AR alone.

The DESTINY-Breast04 trial used trastuzumab deruxtecan in patients with HER-2-low
TNBC tumors. HER-2-low was defined as a 1+ score on immunohistochemical analysis
(IHC) or 2+ IHC with a negative in situ hybridization result [45]. The ASCENT trial used
sacituzumab govitecan in patients with tumors expressing human trophoblast cell-surface
antigen 2 (Trop-2), which is expressed in many breast cancers [46]. The BEGONIA trial
used datopotamab deruxtecan plus durvalumab in patients with Trop-2 (+) and PD-L1 (+)
tumors [47]. All outcomes seen in the table were compared to the physician’s choice of
chemotherapy.

4.4. HER2 Low and Trastuzumab Deruxtecan

Some TNBC cells may not be completely HER2 negative, rather, they have extremely
low HER2 level expression [48]. In fact, over half of those cancers that are considered HER2-
negative actually express low levels of the receptor. Current chemotherapy agents directed
toward targeting HER2 have not proven to be effective in treating this subcategory [45].
Trastuzumab deruxtecan, being among the few effective agents, can target HER2, even at
low expression levels, via the anti-HER2 monoclonal antibody portion of the agent and
subsequently destroy the affected cells via the topoisomerase I inhibitor portion of the
agent [45]. The drug presented promising preliminary antitumor activity results in the
trial [49] (Table 2). This type of innovative drug treatment should be further researched for
application to anti-AR therapies as well.

Table 2. Examples of antibody drug conjugates (ADC) under clinical trials for TNBC.

Trial Name Objective
Response Rate (%)

Progression-Free
Survival (Months)

Overall Survival
(Months)

Tumor
Background

DESTINY-Breast04
(trastuzumab deruxtecan) 52.3 9.9

HR * = 0.50; p < 0.001
23.4

HR = 0.64; p = 0.001 HER-2 low

ASCENT
(sacituzumab govitecan) 35 5.6

HR = 0.41; p < 0.001
12.1

HR = 0.48; p < 0.001 Trop-2 (+)

BEGONIA (Ib/II)
(datopotamab deruxtecan plus

durvalumab)
79 13.8 Not measured Trop-2 (+)

PD-L1 (+)

* Hazard Ratio.

5. Conclusions

AR and current co-targets have been thoroughly explored throughout this paper,
highlighting potential treatment options for patients with AR+ TNBC. Thus far, major
co-targets include CDK4/6, CYP17 lyase, and the PI3K/AKT pathway. There are many
ongoing clinical trials targeting both AR along with these biomarkers and determining the
efficacy of treatment, measured in CBR and PFS, as well as the tolerance of combination
therapy, measured in MTD.

Future studies can continue the trend of utilizing prostate cancer treatment targets in
the study of breast cancer, specifically TNBC. These biomarkers can be co-targeted with
AR to improve the effectiveness of the treatment. One possible co-target is the MEK/ERK
pathway. Prostate cancer studies have already demonstrated that the IgG1 heavy chain is
elevated and when knocked down, there is a downstream inhibition of the MEK/ERK/c-
myc pathway [50]. This indicates its role as a possible target for chemotherapy treatment.
In breast cancer, sulforaphane, a natural compound, was found to inhibit MEK and ERK
phosphorylation, demonstrating a potential to halt cell invasion and migration [51]. Further
research needs to be conducted to confirm that this treatment can be beneficial or targeted in
combination with a biomarker such as AR. Another potential co-target is ABI1, which acts as
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an oncogene in breast cancer cells and is associated with aggressive phenotypes [52]. ABI1
was recently shown to regulate the transcriptional activity of AR in prostate cancer cells
and can prove to be a novel and effective drug target for AR+ TNBC cells [53]. In addition
to increasing potential future co-targets, treatment can have more widespread effects if
administered to TNBC patients with low AR expression as opposed to high AR-expressing
tumors only. Trastuzumab targets HER2-positive breast cancer cells, which is commonly
defined as those cells with a high expression of HER2. Recent studies demonstrated that
Trastuzumab was found to have noteworthy antitumor activity in breast cancer cells with a
low expression of the HER2 receptor as well [49]. Thus, we can use this paradigm to treat
TNBC cells with a low AR expression in a similar manner.

The current clinical trials highlighted here, along with these new potential co-targets
and treatment options have exceptional potential and may prove to change the distressing
prognosis TNBC patients currently live with.

Author Contributions: Conceptualization of the review, L.K.; literature resources and analysis, A.S.,
K.M.L., S.P. and L.K.; writing—original draft preparation, A.S., K.M.L., G.H.G. and L.K.; figure
preparation, A.S., writing—review and editing, A.S. and L.K.; clinical aspects; G.H.G., S.B., S.G. and
L.K.; funding acquisition, L.K. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was funded by Baldwin Fund, CNY, and Upstate Medical University Cancer
Center Pilot grant to L.K. LK would like to acknowledge National Institutes of Health NCI grant
R21CA260381 and the gift from Dawn K. (Smith) Steber Endowment for Cancer Research at the
Upstate Foundation.

Acknowledgments: We would like to acknowledge Jeffrey Ross for critical review of the manuscript
and suggestions.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Redig, A.J.; McAllister, S.S. Breast cancer as a systemic disease: A view of metastasis. J. Intern. Med. 2013, 274, 113–126. [CrossRef]

[PubMed]
2. Cortes, J.; Rugo, H.S.; Cescon, D.W.; Im, S.A.; Yusof, M.M.; Gallardo, C.; Lipatov, O.; Barrios, C.H.; Perez-Garcia, J.; Iwata, H.; et al.

Pembrolizumab plus Chemotherapy in Advanced Triple-Negative Breast Cancer. N. Engl. J. Med. 2022, 387, 217–226. [CrossRef]
[PubMed]

3. Robson, M.; Im, S.A.; Senkus, E.; Xu, B.; Domchek, S.M.; Masuda, N.; Delaloge, S.; Li, W.; Tung, N.; Armstrong, A.; et al. Olaparib
for Metastatic Breast Cancer in Patients with a Germline BRCA Mutation. N. Engl. J. Med. 2017, 377, 523–533. [CrossRef]
[PubMed]

4. Cadoo, K.A.; Gucalp, A.; Traina, T.A. Palbociclib: An evidence-based review of its potential in the treatment of breast cancer.
Breast Cancer Targets Ther. 2014, 6, 123–133. [CrossRef]

5. Lim, E.; Brufsky, A.; Rugo, H.S.; Vogel, C.L.; O’Shaugnessy, J.; Getzenber, R.H.; Barnette, K.G.; Rodriguez, D.; Bird, G.; Steiner,
M.S.; et al. Phase 3 ENABLAR-2 study to evaluate enobosarm and abemaciclib combination compared to estrogen-blocking agent
for the second-line treatment of AR+, ER+, HER2- metastatic breast cancer in patients who previously received palbociclib and
estrogen-blocking agent combination therapy. J. Clin. Oncol. 2022, 40, TPS1121.

6. Yin, L.; Hu, Q. CYP17 inhibitors—Abiraterone, C17,20-lyase inhibitors and multi-targeting agents. Nat. Rev. Urol. 2014, 11, 32–42.
[CrossRef]

7. Gomez, L.; Kovac, J.R.; Lamb, D.J. CYP17A1 inhibitors in castration-resistant prostate cancer. Steroids 2015, 95, 80–87. [CrossRef]
8. Alex, A.B.; Pal, S.K.; Agarwal, N. CYP17 inhibitors in prostate cancer: Latest evidence and clinical potential. Ther. Adv. Med.

Oncol. 2016, 8, 267–275. [CrossRef]
9. Rampurwala, M.; Wisinski, K.B.; Burkard, M.E.; Ehsani, S.; O’Regan, R.M.; Carmichael, L.; Kim, K.; Kolesar, J.; Tevaarwerk, A.J.

Phase 1b study of orteronel in postmenopausal women with hormone-receptor positive (HR+) metastatic breast cancer. Investig.
New Drugs 2017, 35, 87–94. [CrossRef]

10. Peer, C.J.; Schmidt, K.T.; Kindrick, J.D.; Eisner, J.R.; Brown, V.V.; Baskin-Bey, E.; Madan, R.; Figg, W.D. A population pharma-
cokinetic analysis of the oral CYP17 lyase and androgen receptor inhibitor seviteronel in patients with advanced/metastatic
castration-resistant prostate cancer or breast cancer. Cancer Chemother. Pharmacol. 2019, 84, 759–770. [CrossRef]

https://doi.org/10.1111/joim.12084
https://www.ncbi.nlm.nih.gov/pubmed/23844915
https://doi.org/10.1056/NEJMoa2202809
https://www.ncbi.nlm.nih.gov/pubmed/35857659
https://doi.org/10.1056/NEJMoa1706450
https://www.ncbi.nlm.nih.gov/pubmed/28578601
https://doi.org/10.2147/bctt.S46725
https://doi.org/10.1038/nrurol.2013.274
https://doi.org/10.1016/j.steroids.2014.12.021
https://doi.org/10.1177/1758834016642370
https://doi.org/10.1007/s10637-016-0403-2
https://doi.org/10.1007/s00280-019-03908-0


Cancers 2023, 15, 5664 10 of 11

11. Kono, M.; Fujii, T.; Lim, B.; Karuturi, M.S.; Tripathy, D.; Ueno, N.T. Androgen Receptor Function and Androgen Receptor-Targeted
Therapies in Breast Cancer: A Review. JAMA Oncol. 2017, 3, 1266–1273. [CrossRef] [PubMed]

12. Lehmann, B.D.; Abramson, V.G.; Sanders, M.E.; Mayer, E.L.; Haddad, T.C.; Nanda, R.; Van Poznak, C.; Storniolo, A.M.; Nangia,
J.R.; Gonzalez-Ericsson, P.I.; et al. TBCRC 032 IB/II Multicenter Study: Molecular Insights to AR Antagonist and PI3K Inhibitor
Efficacy in Patients with AR(+) Metastatic Triple-Negative Breast Cancer. Clin. Cancer Res. 2020, 26, 2111–2123. [CrossRef]
[PubMed]

13. Eroles, P.; Bosch, A.; Perez-Fidalgo, J.A.; Lluch, A. Molecular biology in breast cancer: Intrinsic subtypes and signaling pathways.
Cancer Treat. Rev. 2012, 38, 698–707. [CrossRef] [PubMed]

14. Bosch, A.; Eroles, P.; Zaragoza, R.; Vina, J.R.; Lluch, A. Triple-negative breast cancer: Molecular features, pathogenesis, treatment
and current lines of research. Cancer Treat. Rev. 2010, 36, 206–215. [CrossRef] [PubMed]

15. Lehmann, B.D.; Bauer, J.A.; Chen, X.; Sanders, M.E.; Chakravarthy, A.B.; Shyr, Y.; Pietenpol, J.A. Identification of human
triple-negative breast cancer subtypes and preclinical models for selection of targeted therapies. J. Clin. Investig. 2011, 121,
2750–2767. [CrossRef] [PubMed]

16. Santonja, A.; Sanchez-Munoz, A.; Lluch, A.; Chica-Parrado, M.R.; Albanell, J.; Chacon, J.I.; Antolin, S.; Jerez, J.M.; de la Haba, J.;
de Luque, V.; et al. Triple negative breast cancer subtypes and pathologic complete response rate to neoadjuvant chemotherapy.
Oncotarget 2018, 9, 26406–26416. [CrossRef]

17. Lehmann, B.D.; Colaprico, A.; Silva, T.C.; Chen, J.; An, H.; Ban, Y.; Huang, H.; Wang, L.; James, J.L.; Balko, J.M.; et al. Multi-omics
analysis identifies therapeutic vulnerabilities in triple-negative breast cancer subtypes. Nat. Commun. 2021, 12, 6276. [CrossRef]

18. Gerratana, L.; Basile, D.; Buono, G.; De Placido, S.; Giuliano, M.; Minichillo, S.; Coinu, A.; Martorana, F.; De Santo, I.; Del Mastro,
L.; et al. Androgen receptor in triple negative breast cancer: A potential target for the targetless subtype. Cancer Treat. Rev. 2018,
68, 102–110. [CrossRef]

19. Hu, R.; Dawood, S.; Holmes, M.D.; Collins, L.C.; Schnitt, S.J.; Cole, K.; Marotti, J.D.; Hankinson, S.E.; Colditz, G.A.; Tamimi, R.M.
Androgen receptor expression and breast cancer survival in postmenopausal women. Clin. Cancer Res. Off. J. Am. Assoc. Cancer
Res. 2011, 17, 1867–1874. [CrossRef]

20. You, C.P.; Leung, M.H.; Tsang, W.C.; Khoo, U.S.; Tsoi, H. Androgen Receptor as an Emerging Feasible Biomarker for Breast
Cancer. Biomolecules 2022, 12, 72. [CrossRef]

21. Carver, B.S.; Chapinski, C.; Wongvipat, J.; Hieronymus, H.; Chen, Y.; Chandarlapaty, S.; Arora, V.K.; Le, C.; Koutcher, J.; Scher, H.;
et al. Reciprocal feedback regulation of PI3K and androgen receptor signaling in PTEN-deficient prostate cancer. Cancer Cell 2011,
19, 575–586. [CrossRef] [PubMed]

22. Anestis, A.; Zoi, I.; Papavassiliou, A.G.; Karamouzis, M.V. Androgen Receptor in Breast Cancer-Clinical and Preclinical Research
Insights. Molecules 2020, 25, 358. [CrossRef] [PubMed]

23. Hickey, T.E.; Selth, L.A.; Chia, K.M.; Laven-Law, G.; Milioli, H.H.; Roden, D.; Jindal, S.; Hui, M.; Finlay-Schultz, J.; Ebrahimie,
E.; et al. The androgen receptor is a tumor suppressor in estrogen receptor-positive breast cancer. Nat. Med. 2021, 27, 310–320.
[CrossRef] [PubMed]

24. Michmerhuizen, A.R.; Spratt, D.E.; Pierce, L.J.; Speers, C.W. ARe we there yet? Understanding androgen receptor signaling in
breast cancer. NPJ Breast Cancer 2020, 6, 47. [CrossRef] [PubMed]

25. Parylo, S.; Vennepureddy, A.; Dhar, V.; Patibandla, P.; Sokoloff, A. Role of cyclin-dependent kinase 4/6 inhibitors in the current
and future eras of cancer treatment. J. Oncol. Pharm. Pract. 2019, 25, 110–129. [CrossRef]

26. Koryakina, Y.; Knudsen, K.E.; Gioeli, D. Cell-cycle-dependent regulation of androgen receptor function. Endocr. Relat. Cancer
2015, 22, 249–264. [CrossRef] [PubMed]

27. Zhang, M.; Zhang, L.; Hei, R.; Li, X.; Cai, H.; Wu, X.; Zheng, Q.; Cai, C. CDK inhibitors in cancer therapy, an overview of recent
development. Am. J. Cancer Res. 2021, 11, 1913–1935.

28. Martin, J.M.; Goldstein, L.J. Profile of abemaciclib and its potential in the treatment of breast cancer. Onco Targets Ther. 2018, 11,
5253–5259. [CrossRef]

29. Patnaik, A.; Rosen, L.S.; Tolaney, S.M.; Tolcher, A.W.; Goldman, J.W.; Gandhi, L.; Papadopoulos, K.P.; Beeram, M.; Rasco, D.W.;
Hilton, J.F.; et al. Efficacy and Safety of Abemaciclib, an Inhibitor of CDK4 and CDK6, for Patients with Breast Cancer, Non-Small
Cell Lung Cancer, and Other Solid Tumors. Cancer Discov. 2016, 6, 740–753. [CrossRef]

30. Sharifi, M.; Wisinski, K.B.; Burkard, M.E.; Tevaarwerk, A.J.; Tamkus, D.; Chan, N.; Truica, C.; Danciu, O.; Hoskins, K.; O’Regan,
R.M. Abstract OT1-02-01: Phase I trial of bicalutamide and ribociclib in androgen receptor-positive triple negative breast cancer.
Cancer Res. 2019, 79, OT1-02-01. [CrossRef]

31. Penson, D.F.; Armstrong, A.J.; Concepcion, R.S.; Agarwal, N.; Olsson, C.A.; Karsh, L.I.; Dunshee, C.J.; Duggan, W.; Shen, Q.; Sugg,
J.; et al. Correction: Enzalutamide versus bicalutamide in patients with nonmetastatic castration-resistant prostate cancer: A
prespecified subgroup analysis of the STRIVE trial. Prostate Cancer Prostatic. Dis. 2022, 25, 597. [CrossRef] [PubMed]

32. Choupani, E.; Madjd, Z.; Saraygord-Afshari, N.; Kiani, J.; Hosseini, A. Combination of androgen receptor inhibitor enzalutamide
with the CDK4/6 inhibitor ribociclib in triple negative breast cancer cells. PLoS ONE 2022, 17, e0279522. [CrossRef] [PubMed]

33. Gucalp, A.B.; Boyle, L.A.; Alano, T.; Arumov, A.; Gounder, M.M.; Patil, S.; Feigin, K.; Edelweiss, M.; D’Andrea, G.; Bromberg, J.;
et al. Phase II trial of bicalutamide in combination with palbociclib for the treatment of androgen receptor (+) metastatic breast
cancer. J. Clin. Oncol. 2020, 38, 1017. [CrossRef]

https://doi.org/10.1001/jamaoncol.2016.4975
https://www.ncbi.nlm.nih.gov/pubmed/28301631
https://doi.org/10.1158/1078-0432.CCR-19-2170
https://www.ncbi.nlm.nih.gov/pubmed/31822498
https://doi.org/10.1016/j.ctrv.2011.11.005
https://www.ncbi.nlm.nih.gov/pubmed/22178455
https://doi.org/10.1016/j.ctrv.2009.12.002
https://www.ncbi.nlm.nih.gov/pubmed/20060649
https://doi.org/10.1172/JCI45014
https://www.ncbi.nlm.nih.gov/pubmed/21633166
https://doi.org/10.18632/oncotarget.25413
https://doi.org/10.1038/s41467-021-26502-6
https://doi.org/10.1016/j.ctrv.2018.06.005
https://doi.org/10.1158/1078-0432.CCR-10-2021
https://doi.org/10.3390/biom12010072
https://doi.org/10.1016/j.ccr.2011.04.008
https://www.ncbi.nlm.nih.gov/pubmed/21575859
https://doi.org/10.3390/molecules25020358
https://www.ncbi.nlm.nih.gov/pubmed/31952272
https://doi.org/10.1038/s41591-020-01168-7
https://www.ncbi.nlm.nih.gov/pubmed/33462444
https://doi.org/10.1038/s41523-020-00190-9
https://www.ncbi.nlm.nih.gov/pubmed/33062889
https://doi.org/10.1177/1078155218770904
https://doi.org/10.1530/ERC-14-0549
https://www.ncbi.nlm.nih.gov/pubmed/25691442
https://doi.org/10.2147/OTT.S149245
https://doi.org/10.1158/2159-8290.CD-16-0095
https://doi.org/10.1158/1538-7445.SABCS18-OT1-02-01
https://doi.org/10.1038/s41391-021-00477-3
https://www.ncbi.nlm.nih.gov/pubmed/34848822
https://doi.org/10.1371/journal.pone.0279522
https://www.ncbi.nlm.nih.gov/pubmed/36548336
https://doi.org/10.1200/JCO.2020.38.15_suppl.1017


Cancers 2023, 15, 5664 11 of 11

34. Liu, C.Y.; Lau, K.Y.; Hsu, C.C.; Chen, J.L.; Lee, C.H.; Huang, T.T.; Chen, Y.T.; Huang, C.T.; Lin, P.H.; Tseng, L.M. Combination
of palbociclib with enzalutamide shows in vitro activity in RB proficient and androgen receptor positive triple negative breast
cancer cells. PLoS ONE 2017, 12, e0189007. [CrossRef] [PubMed]

35. Gao, S.; Gao, Y.; He, H.H.; Han, D.; Han, W.; Avery, A.; Macoska, J.A.; Liu, X.; Chen, S.; Ma, F.; et al. Androgen Receptor Tumor
Suppressor Function Is Mediated by Recruitment of Retinoblastoma Protein. Cell Rep. 2016, 17, 966–976. [CrossRef] [PubMed]

36. Yoshimoto, F.K.; Auchus, R.J. The diverse chemistry of cytochrome P450 17A1 (P450c17, CYP17A1). J. Steroid Biochem. Mol. Biol.
2015, 151, 52–65. [CrossRef] [PubMed]

37. Norris, J.D.; Ellison, S.J.; Baker, J.G.; Stagg, D.B.; Wardell, S.E.; Park, S.; Alley, H.M.; Baldi, R.M.; Yllanes, A.; Andreano, K.J.; et al.
Androgen receptor antagonism drives cytochrome P450 17A1 inhibitor efficacy in prostate cancer. J. Clin. Investig. 2017, 127,
2326–2338. [CrossRef]

38. Reese, J.M.B.; Babbs, B.L.; Christenson, J.L.; Spoelstra, N.S.; Elias, A.; Eisner, J.R.; Baskin-Bey, E.S.; Gertz, J.; Richer, J.K. Abstract
P5-05-05: Targeting the Androgen Receptor with Seviteronel, a CYP17 Lyase and AR Inhibitor, in Triple Negative Breast Cancer.
Cancer Res. 2019, 79, P5-05-05. [CrossRef]

39. Gucalp, A.D.; Danso, M.A.; Elias, A.D.; Bardia, A.; Ali, H.Y.; Potter, D.; Gabrail, N.Y.; Haley, B.B.; Khong, H.T.; Riley, E.C.; et al.
Phase (Ph) 2 stage 1 clinical activity of seviteronel, a selective CYP17-lyase and androgen receptor (AR) inhibitor, in women with
advanced AR+ triple-negative breast cancer (TNBC) or estrogen receptor (ER)+ BC: CLARITY-01. J. Clin. Oncol. 2017, 35, 1102.
[CrossRef]

40. Yardley, D.A.; Young, R.R.; Adelson, K.B.; Silber, A.L.; Najera, J.E.; Daniel, D.B.; Peacock, N.; Finney, L.; Hoekstra, S.J.; Shastry,
M.; et al. A Phase II Study Evaluating Orteronel, an Inhibitor of Androgen Biosynthesis, in Patients With Androgen Receptor
(AR)-Expressing Metastatic Breast Cancer (MBC). Clin. Breast Cancer 2022, 22, 269–278. [CrossRef]

41. Michmerhuizen, A.R.; Chandler, B.; Olsen, E.; Wilder-Romans, K.; Moubadder, L.; Liu, M.; Pesch, A.M.; Zhang, A.; Ritter, C.;
Ward, S.T.; et al. Seviteronel, a Novel CYP17 Lyase Inhibitor and Androgen Receptor Antagonist, Radiosensitizes AR-Positive
Triple Negative Breast Cancer Cells. Front. Endocrinol. 2020, 11, 35. [CrossRef] [PubMed]

42. Paplomata, E.; O’Regan, R. The PI3K/AKT/mTOR pathway in breast cancer: Targets, trials and biomarkers. Ther. Adv. Med.
Oncol. 2014, 6, 154–166. [CrossRef]

43. Lehmann, B.D.; Bauer, J.A.; Schafer, J.M.; Pendleton, C.S.; Tang, L.; Johnson, K.C.; Chen, X.; Balko, J.M.; Gomez, H.; Arteaga, C.L.;
et al. PIK3CA mutations in androgen receptor-positive triple negative breast cancer confer sensitivity to the combination of PI3K
and androgen receptor inhibitors. Breast Cancer Res. 2014, 16, 406. [CrossRef] [PubMed]

44. Qi, W.; Morales, C.; Cooke, L.S.; Johnson, B.; Somer, B.; Mahadevan, D. Reciprocal feedback inhibition of the androgen receptor
and PI3K as a novel therapy for castrate-sensitive and -resistant prostate cancer. Oncotarget 2015, 6, 41976–41987. [CrossRef]
[PubMed]

45. Modi, S.; Jacot, W.; Yamashita, T.; Sohn, J.; Vidal, M.; Tokunaga, E.; Tsurutani, J.; Ueno, N.T.; Prat, A.; Chae, Y.S.; et al. Trastuzumab
Deruxtecan in Previously Treated HER2-Low Advanced Breast Cancer. N. Engl. J. Med. 2022, 387, 9–20. [CrossRef] [PubMed]

46. Bardia, A.; Hurvitz, S.A.; Tolaney, S.M.; Loirat, D.; Punie, K.; Oliveira, M.; Brufsky, A.; Sardesai, S.D.; Kalinsky, K.; Zelnak, A.B.;
et al. Sacituzumab Govitecan in Metastatic Triple-Negative Breast Cancer. N. Engl. J. Med. 2021, 384, 1529–1541. [CrossRef]
[PubMed]

47. Schmid, P.; Im, S.-A.; Armstrong, A.; Park, Y.H.; Chung, W.-P.; Nowecki, Z.; Lord, S.; Wysocki, P.J.; Lu, Y.-S.; Dry, H.; et al.
BEGONIA: Phase 1b/2 study of durvalumab (D) combinations in locally advanced/metastatic triple-negative breast cancer
(TNBC)—Initial results from arm 1, d+paclitaxel (P), and arm 6, d+trastuzumab deruxtecan (T-DXd). J. Clin. Oncol. 2021, 39
(Suppl. 15), 1023. [CrossRef]

48. Won, K.A.; Spruck, C. Triple-negative breast cancer therapy: Current and future perspectives (Review). Int. J. Oncol. 2020, 57,
1245–1261. [CrossRef]

49. Modi, S.; Park, H.; Murthy, R.K.; Iwata, H.; Tamura, K.; Tsurutani, J.; Moreno-Aspitia, A.; Doi, T.; Sagara, Y.; Redfern, C.; et al.
Antitumor Activity and Safety of Trastuzumab Deruxtecan in Patients With HER2-Low-Expressing Advanced Breast Cancer:
Results From a Phase Ib Study. J. Clin. Oncol. 2020, 38, 1887–1896. [CrossRef]

50. Chu, J.; Li, Y.; Deng, Z.; Zhang, Z.; Xie, Q.; Zhang, H.; Zhong, W.; Pan, B. IGHG1 Regulates Prostate Cancer Growth via the
MEK/ERK/c-Myc Pathway. BioMed Res. Int. 2019, 2019, 7201562. [CrossRef]

51. Zhang, Y.; Lu, Q.; Li, N.; Xu, M.; Miyamoto, T.; Liu, J. Sulforaphane suppresses metastasis of triple-negative breast cancer cells by
targeting the RAF/MEK/ERK pathway. NPJ Breast Cancer 2022, 8, 40. [CrossRef] [PubMed]

52. Regua, A.; Papp, C.; Grageda, A.; Porter, B.A.; Caza, T.; Bichindaritz, I.; Krendel, M.; Sivapiragasam, A.; Bratslavsky, G.; Kuznetsov,
V.A.; et al. ABI1-based expression signature predicts breast cancer metastasis and survival. Mol. Oncol. 2022, 16, 2632–2657.
[CrossRef] [PubMed]

53. Porter, B.A.; Li, X.; Arya, N.; Zhang, F.; Kung, S.H.Y.; Fazli, L.; Oo, H.Z.; Li, Y.; Marincin, K.; Kukkonen, K.; et al. ABI1 regulates
transcriptional activity of androgen receptor by novel DNA and AR binding mechanism. bioRxiv 2023. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1371/journal.pone.0189007
https://www.ncbi.nlm.nih.gov/pubmed/29261702
https://doi.org/10.1016/j.celrep.2016.09.064
https://www.ncbi.nlm.nih.gov/pubmed/27760327
https://doi.org/10.1016/j.jsbmb.2014.11.026
https://www.ncbi.nlm.nih.gov/pubmed/25482340
https://doi.org/10.1172/JCI87328
https://doi.org/10.1158/1538-7445.SABCS18-P5-05-05
https://doi.org/10.1200/JCO.2017.35.15_suppl.1102
https://doi.org/10.1016/j.clbc.2021.10.011
https://doi.org/10.3389/fendo.2020.00035
https://www.ncbi.nlm.nih.gov/pubmed/32117061
https://doi.org/10.1177/1758834014530023
https://doi.org/10.1186/s13058-014-0406-x
https://www.ncbi.nlm.nih.gov/pubmed/25103565
https://doi.org/10.18632/oncotarget.5659
https://www.ncbi.nlm.nih.gov/pubmed/26506516
https://doi.org/10.1056/NEJMoa2203690
https://www.ncbi.nlm.nih.gov/pubmed/35665782
https://doi.org/10.1056/NEJMoa2028485
https://www.ncbi.nlm.nih.gov/pubmed/33882206
https://doi.org/10.1200/JCO.2021.39.15_suppl.1023
https://doi.org/10.3892/ijo.2020.5135
https://doi.org/10.1200/JCO.19.02318
https://doi.org/10.1155/2019/7201562
https://doi.org/10.1038/s41523-022-00402-4
https://www.ncbi.nlm.nih.gov/pubmed/35332167
https://doi.org/10.1002/1878-0261.13175
https://www.ncbi.nlm.nih.gov/pubmed/34967509
https://doi.org/10.1101/2023.05.26.542350

	Introduction 
	TNBC Subtype of Breast Cancer 
	Why Target Androgen Receptor? 
	Why Co-Target AR with Other Pathways? 
	Co-Targeting AR and CDK4/6 
	Co-Targeting AR and CYP17 Lyase 
	Co-Targeting AR and PI3K/AKT Pathway 
	HER2 Low and Trastuzumab Deruxtecan 

	Conclusions 
	References

