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ABSTRACT

Despite the recent approval and widespread use of abiraterone
acetate and enzalutamide for the treatment of castration-
resistant prostate cancer (CRPC), this disease still poses
significant management challenges because of various tumor
escape mechanisms, including those that allow androgen
receptor (AR) signaling to remain active.These AR-related
resistance mechanisms include AR gene amplification or over-
expression, constitutively active ligand-independent AR splice
variants, andgain-of-functionmutations involvingtheAR ligand-
binding domain (LBD), among others. Therefore, the develop-
ment of AR-targeted therapies that function independently of

the LBD represents an unmet medical need and has the
potential to overcomemanyof these resistancemechanisms.
This article discusses N-terminal domain (NTD) inhibition as a
novel concept in the field of AR-directed therapies for
prostate cancer. AR NTD-targeting agents have the potential
to overcome shortcomings of current hormonal therapies by
inhibiting all forms of AR-mediated transcriptional activity,
and as a result, may affect a broader AR population including
mutational and splice variant ARs. Indeed, the first clinical
trial of an AR NTD inhibitor is now underway.The Oncologist
2016;21:1427–1435

Implications for Practice: Because of emerging resistance mechanisms that involve the ligand-binding domain of the androgen
receptor (AR), there is currently no effective treatment addressing tumor escape mechanisms related to current AR-targeted
therapies.Many patients still demonstrate limited clinical response to current hormonal agents, and castration-resistant prostate
cancer remains a lethal disease. Intense research efforts are under way to develop therapies to target resistance mechanisms,
including those directed at other parts of the AR molecule. A novel small-molecule agent, EPI-506, represents a new
pharmaceutical class, AR N-terminal domain inhibitors, and shows preclinical promise to overcome many known resistance
mechanisms related to novel hormonal therapies.

INTRODUCTION

Prostatecancer isthesecondmostprevalentcanceramongmen
in the United States, leading to approximately 30,000 deaths
annually [1]. The course of prostate cancer from diagnosis to
death is usually categorized by clinical states based on extent of
disease, hormonal status (i.e., castration resistance), and the
presence or absence of detectable metastases on radiographic
imaging [2]. Initial growth of prostate cancer depends highly on
androgen signaling, which mediates its effects through the
androgenreceptor (AR),a transcription factor that regulatesthe
expression of hundreds of genes including those involved in
tumor cell growth and proliferation [3, 4]. Because of the
dependency of the disease on androgen, androgen deprivation
therapy (ADT) has been a mainstay of prostate cancer therapy
for decades [5]. Although ADT can delay prostate cancer

progression for several years, this treatment modality eventu-
allybecomesineffectiveaspatientsdevelopcastration-resistant
prostate cancer (CRPC).

Themanagement of patientswith CRPC has evolved rapidly
over the past 5 years with the advent of next-generation
hormonal agents, such as abiraterone acetate (Zytiga) and
enzalutamide (Xtandi). Despite these advances, additional
treatment options are still needed to improve clinical outcomes
and prolong survival of patients with CRPC, particularly those
who have failed existing treatments or those who have
contraindications or other limitations precluding the use of
currently available drugs. Most patients with CRPC who fail
current treatment options experience continued disease pro-
gression and may develop complications such as urinary
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obstruction andworsening pain, leading to substantial morbid-
ity and limited survival rates. The development of resistance to
current hormonal therapies and their potential underlying
biologyhavebeenincreasinglydescribed[6–12]. In lightofthese
evolving resistancemechanisms, CRPC remains a lethal disease
with a particularly high unmet need in patients for whom
existing treatment options are not effective.

CURRENT TREATMENTS FOR CRPC
Before2011, themainstayof treatment forCRPCwasdocetaxel-
based chemotherapy. Since the approval of abiraterone and
enzalutamide for the treatment of CRPC, the reported efficacy
has been considerable; however, treatment failures are noted
frequently with both agents. The vast majority of patients with
CRPC demonstrate primary resistance (patients who do not
respond to therapy upfront) or acquired resistance (patients
who initially respond to therapy but then relapse) to these
agents, with a gain in median overall survival of less than 6
months at the end of the treatment spectrum compared with
standardofcare [13–16]. It isestimatedthatapproximatelyone-
quarter of patients treated with abiraterone or enzalutamide
will show primary resistance to these agents [13, 15–17].
Moreover, the development of acquired resistancewill occur in
nearly all patients with CRPC, even those who initially benefit
from hormonal therapy.

The optimal sequence of therapies to maximize the clinical
benefit for patients with CRPC remains undetermined. Clinical
trials investigating the efficacy of chemotherapy after novel
hormonal therapy, the efficacy of sequential or parallel use of
novel hormonal therapy after chemotherapy, the efficacy
of sequential useofnovel hormonal therapies, and theefficacy
of subsequent treatment after first-line novel hormonal
therapy have not revealed definite answers [6, 9, 18–25].
Two randomizedphase III trials (Systemic Therapy inAdvancingor
Metastatic Prostate Cancer: Evaluation of Drug Efficacy [STAM-
PEDE] and ChemoHormonal Therapy Versus Androgen Ablation
Randomized Trial for Extensive Disease in Prostate Cancer
[CHAARTED]) support the upfront use of chemotherapy with
ADT in men with hormone-sensitive metastatic prostate cancer
[26, 27], particularly in patients with high-volume disease, which
may impact the use of novel AR-targeted therapy in a subset of
patients.Other studies exploring concomitant useof chemother-
apy and ADT (GETUG-AFU-15), however, did not show a survival
benefit [28]. In addition, a recent review suggests that the optimal
sequencing of agents in CRPC is unclear because of the absence
ofrobustsurrogatemeasuresofsurvivalandthelackofpredictive
biomarkers [29]. Until there is a greater biological understanding
ofwhichpatientsmaybenefit fromupfrontuseofchemotherapy,
the impact on the landscape of using AR-directed therapies
is largely unknown and remains to be evaluated.

CRPC PROGRESSION AND RESTORED AR SIGNALING
The AR is structurally composed of an androgen-independent
N-terminal domain (NTD), a DNA-binding domain (DBD), and
an androgen-dependent ligand-binding domain (LBD). Andro-
gens such as testosteroneanddihydrotestosterone bind to the
AR LBD, resulting in conformational changes and posttransla-
tional modifications, dimerization, nuclear translocation, and
ultimately, binding to the regulatory regions of the DNA of
target genes, known as androgen response elements [30].The

transcriptional activity of the AR is also governed by complex
epigenetic mechanisms involving coactivators and corepres-
sors that help localize the AR to chromatin.

The AR signaling pathway remains essential for CRPC
progression, and under conditions of androgen depletion,
multiplemechanismsmight lead to reactivationor restorationof
ARsignaling [31,32].AmplificationoftheARgene isamechanism
thathasbeenfrequentlyobservedclinicallyand ispredominantly
seen in response to treatment with ADT. AR overexpression and
gene amplification have been reported to occur rarely in
untreated primary prostate cancers, with observed frequency
of 0%–5% [33–37], but the frequency increases significantly to
20%–52% in ADT-resistant populations [33–42].

Intracrineandparacrineandrogenproductionhas alsobeen
shown to contribute to continued AR stimulation in the
castration-resistantstate [43]. Studiesevaluatingtissuebiopsies
before and after initiation of abiraterone or enzalutamide have
demonstrated increased levels of testosterone as a compensa-
tory mechanism in the tumor tissue ofmenwith CRPC [44–47].
This may result from conversion of weak androgens to potent
androgens or de novo production of androgens within the
tumor itself [48, 49].

AR splice variants have emerged as another potential
mechanismassociatedwith resistance, especially in the context
of treatment with new hormonal agents, such as abiraterone
and enzalutamide [4, 50–52].The protein products of AR splice
variants have an NTD that is required for transactivation, but
have a truncated C-terminal domain inwhich the LBD is absent,
resulting in ligand-independent constitutive activation [53–55].
Antiandrogen therapies are ineffective at inhibiting AR splice
variants, because these target the LBD,which is truncated from
theARprotein.ThepresenceofARsplicevariants, suchasAR-V7
and AR-V567es, has been correlated with both primary and
acquired resistance to antiandrogens and has been linked to
more rapid disease recurrence, poor prognosis, and shorter
survival [8, 54–56].Of these,AR-V7maybe themost important,
has been implicated in resistance to abiraterone and enzaluta-
mide in menwith advanced prostate cancer [8, 11, 57, 58], and
may play a role in partial resistance to docetaxel as well [59].

Point mutations in the AR have been found more com-
monly in CRPC compared with primary or hormone-sensitive
tumors [60, 61], and some have been shown to confer agonist
properties and cross-resistance among antiandrogens [62, 63].
A recent prospective study conducting sequencing of bone
and soft tissue tumor biopsies from a cohort of 150 patients
with CRPC showed that AR mutations were enriched in CRPC
comparedwithprimaryprostate cancerand that themajorityof
these mutations occurred in the LBD [61].These mutations can
increase the ligand-bindingaffinityof theARandcause signaling
hypersensitivity [64].These gain-of-functionmutations can also
cause binding flexibility in the LBD, allowing the AR to become
activated by adrenal androgens, progesterone, glucocorticoids,
estrogens, and antiandrogens [62, 63, 65–71]. In view of the
persistent role of the AR in CRPC, there is a high need for novel
antagonists that address the adaptive AR aberrations that
emerge following current hormonal therapies.

CURRENT THERAPIES TARGET THE AR C-TERMINUS

Current inhibitors of the AR function by lowering levels of
circulating or intratumoral androgen or by preventing

©AlphaMed Press 2016
TheOncologist®

1428 Targeting the AR NTD in Prostate Cancer



androgen binding to the AR, all of which depend on an intact
C-terminal LBD. Abiraterone inhibits CYP17, a critical enzyme in
the synthesis of testosterone, and has been shown to block
androgen biosynthesis by the adrenal glands and testes and
within the tumor. Treatment with abiraterone reduces serum
testosterone levels from20–50ng/dLwith surgical castrationor
gonadotropin-releasing hormone analogs alone to 1–2 ng/dL,
leading to a “super-castration” state. In addition to decreases
seen in the serum, CYP17 inhibition also leads to decreased
intratumoral testosterone synthesis within the prostate cancer
cells themselves [72], ultimately leading to an inhibition of AR
activity. Enzalutamide is a next-generation AR antagonist with
significantly increased affinity for the AR compared with
previous AR antagonists such as bicalutamide. Furthermore,
enzalutamide is reported to inhibit nuclear translocation and
coactivator recruitment of the ligand-receptor complex,
leading to effective inhibition of AR signaling [73].

Despite their impressive efficacy outcomes, resistance to
abiraterone and enzalutamide occurs frequently [13–16],with
most patients demonstrating primary or acquired resistance
through various AR-dependent and -independent mecha-
nisms.Asa result, anumberofnew-generationCYP17 inhibitor
andARantagonist agents are in clinical development (Table 1).
These agents have been shown to exhibit increased affinity to
the AR, greater potency, decreased agonist properties, and
multiple inhibitory functions compared with their predeces-
sors [74–79]. However, these third-generation agents may
potentially facethesame issueofcross-resistanceconferredby
mutations in the LBD (either existing or yet unknown). In
addition, these newer agents have yet to demonstrate clinical
effectiveness against AR splice variants. In light of the current
issues facing AR inhibitors that target the LBD, development of
novel class of agents that target other domains of the AR is
necessary. Agents targeting theARNTDandDBDare currently in
development, in addition to agents that can induce degrada-
tion of the AR protein (Table 1).

THE AR N-TERMINAL DOMAIN AS A THERAPEUTIC TARGET

All current therapies that target the AR rely on the presence of
its LBD.However, it is theNTDof theAR thatharbors thecritical
region for AR transcriptional activity. Within the NTD lies the
activation function-1 (AF1) region, which is essential for AR
transactivation [80–82]. Deletions of this region render the AR
transcriptionally inactive [80–82]. The AR NTD contains a high
degree of intrinsic disorder because of few a-helices and
b-sheets and, therefore, has been difficult to target using
structure-based drug design [83]. However, in spite of these
challenges, efforts to develop drugs that target the ARNTD are
ongoing and have the potential to overcome shortcomings of
current LBD-targeting therapies. A potential pharmacologic
consequence of AR NTD inhibitors is the ability to affect a
broader AR population. Because the NTD is required for all AR
transcriptional activity and is present in all forms of the AR,
targeting this critical region would be expected to inhibit the
activity of resistance-related AR splice variants as well as AR
species harboring gain-of-function LBD mutations. This is in
contrast to current therapies, which can affect only AR
populations that possess an intact LBD.

Recent efforts to develop drugs that target the AR NTD
have yielded several compounds that are in preclinical or early

clinical development (Table 1). The use of bispecific antibodies
(bsAbs)tosimultaneouslybindtotwodifferenttargetshasshown
promise, with at least two US Food and Drug Administration-
approved agents to date [84]. 3E10-AR441 is a bsAb in preclinical
development for CRPC that functions by penetrating prostate
cancer cells via its affinity for DNAand, at the same time, binding
to the AR NTD to inhibit AR signaling [85]. In vitro treatment of
LNCaP prostate cancer cells with 3E10-AR441 demonstrated
nuclear accumulation and target engagement of the bsAb.
Immunoprecipitation assays in VCaP and 22Rv1 prostate cancer
cell linesshowedthat3E10-AR441wasable tobindfull-lengthAR
as well as splice-variant AR lacking the LBD (AR-V7) [85]. In
addition, 3E10-AR441 was shown to block AR signaling in both
reportergene-basedassaysandassays thatmonitorendogenous
levels of prostate-specific antigen (PSA).To date, no information
on the impact of this agent on tumor growth has been released;
however, the current data indicate the potential of 3E10-AR441
bsAb as a therapeutic agent that targets the AR in amanner that
does not rely on the LBD.

Sintokamides have also been shown to display inhibitory
activity against the AR NTD. These chlorinated peptides,
isolated from the marine sponge Dysidea sp., were identi-
fied through a screening of marine natural extracts and show
inhibition of AR activity as measured by reporter gene-based
assays [86]. In addition, sintokamides effectively blocked
proliferation of LNCaP prostate cancer cells but not PC3
prostate cancer cells, which do not express AR, indicating that
the inhibitory effect of sintokamides on cell proliferation was
likely causedby its effect on theARandnot via cell cytotoxicity.
Further characterization of sintokamides will be useful in
assessing these agents as a potential AR-targeted therapy.

Agents directed at preventing the AR NTD from properly
initiating transcription are also currently being explored. At least
four compounds (GSK525762, GS-5829, OTX015, and JQ1) are in
development for CRPC that target bromodomain-containing
protein 4 (BRD4), a member of the bromodomain extraterminal
(BET) family of proteins. BRD4 is a coregulator of the AR and
interacts with the AR NTD to facilitate transcriptional activity
[87]. BRD4 inhibitors have been shown to block BRD4-AR
interactions and prevent binding of both full-length and splice
variant AR to chromatin, thereby impairing transcription of
downstream genes [87, 88]. BRD4 inhibition also induced
apoptosis and cell-cycle arrest in AR-driven prostate cancer cell
lines (VCaP, LNCaP, and 22Rv1), but not in cell lines that are
negative for AR signaling (PC3, DU145) [87]. In vivo, BRD4
blockade was shown to significantly reduce tumor volume and
weight in VCaP xenograft mice compared with enzalutamide. In
addition,BRD4inhibitorscansuppressthetranscriptionofc-Myc,
a key mediator of ligand-independent prostate cancer growth
anda ligand-independentARtargetgene[89,90].Together,these
data show the potential for BET protein inhibitors as novel
treatments forCRPC that functionbyblockingBRD4contactwith
the AR NTD and do not depend on AR-ligand interactions.

EPI COMPOUNDS: DIRECT AR NTD INHIBITORS
The EPI family of compounds was originally discovered from a
marine sponge extract. They bind specifically to Tau-5 within
the AF1 region of the AR NTD and have been shown to block
protein-protein interactions of the AF1 region with CREB-
binding protein and the large subunit of the transcription
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factor TFIIF (RAP74) [91, 92]. In vitro experiments using LNCaP
prostate cancer cells that endogenously express AR show that
treatment with EPI blocked AR-driven transcriptional activity
both in the presence and absence of androgen [91, 93]. In
addition to inhibitionof full-lengthAR,EPIwas shownto inhibit
transcriptional activity of AR splice variants [93, 94]. In LNCaP

cells transfected with a plasmid to overexpress AR-V567es, EPI
treatment resulted in inhibition of constitutive AR-V567es-
driven transcriptional activity [93]. By contrast, bicalutamide
and enzalutamide were unable to inhibit transcriptional
activity driven by AR-V567es [93]; bicalutamide and enzaluta-
mide target the LBD, which is absent from AR splice variants.

Table 1. Investigational agents with potential activity against mechanisms of resistance in CRPC

Resistance mechanism Compound Description Development phase in CRPC

Androgen/AR-dependent mechanisms

Intracrine/paracrine androgen synthesis Seviteronel CYP17 inhibitor Phase II (NCT02130700, NCT02445976)

CFG920 CYP17 inhibitor Phase I/II (NCT01647789)

EN3356 CYP17 inhibitor Preclinical

AR gain-of-function point mutations Apalutamide AR antagonist (LBD) Phase III (NCT01946204, NCT02257736)

Darolutamide AR antagonist (LBD) Phase III (NCT02200614)

ODM-204 AR antagonist (LBD) Phase I (NCT02344017)

TAS3681 AR antagonist (LBD) Phase I (NCT02566772)

EPI-506 AR NTD inhibitor Phase I/II (NCT02606123)

3E10-AR441 bsAb AR NTD inhibitor Preclinical

Sintokamides AR NTD inhibitor Preclinical

VPC-14449 AR DBD Preclinical

Galeterone CYP17 inhibitor; AR degrader Phase III (NCT02438007)

Niclosamide AR degrader Phase I (NCT02532114)

ARV-330 AR degrader Preclinical

GSK525762 BET/bromodomain inhibitor Phase I (NCT01587703)

GS-5829 BET/bromodomain inhibitor Phase I/II (NCT02607228)

OTX015 BET/bromodomain inhibitor Phase Ib (NCT02259114)

JQ1 BET/bromodomain inhibitor Preclinical

AR splice variants (e.g., AR-V7) EPI-506 AR NTD inhibitor Phase I/II (NCT02606123)

3E10-AR441 bsAb AR NTD inhibitor Preclinical

Sintokamides AR NTD inhibitor Preclinical

VPC-14449 AR DBD Preclinical

Galeterone CYP17 inhibitor; AR degrader Phase III (NCT02438007)

Niclosamide AR degrader Phase I (NCT02532114)

ARV-330 AR degrader Preclinical

GSK525762 BET/bromodomain inhibitor Phase I (NCT01587703)

GS-5829 BET/bromodomain inhibitor Phase I/II (NCT02607228)

OTX015 BET/bromodomain inhibitor Phase Ib (NCT02259114)

JQ1 BET/bromodomain inhibitor Preclinical

AR bypass mechanisms

Glucocorticoid receptor activation Dexamethasone GR agonist Phase II (NCT02491411)

Mifepristone GR antagonist Phase I/II (NCT02012296)

Progesterone receptor activation Onapristone PR antagonist PhaseI/II (NCT02049190)

Androgen/AR-independent mechanisms

RB loss/mutation Ribociclib CDK4/6 inhibitor Phase I/II (NCT02555189, NCT02494921)

Palbociclib CDK4/6 inhibitor Phase II (NCT02059213)

PTEN loss LY3023414 PI3K/mTOR inhibitor Phase II (NCT02407054)

Buparlisib PI3K inhibitor Phase II (NCT01385293

Neuroendocrine differentiation Alisertib Aurora Kinase A Inhibitor Phase I/II (NCT01848067)

DNA repair pathways Olaparib PARP inhibitor Phase II (NCT01682772)

Niraparib PARP inhibitor Phase I (NCT02500901)

Abbreviations: AR, androgen receptor; BET, bromodomain extraterminal; bsAb, bispecific antibody; CDK, cyclin-dependent kinase; CRPC,
castration-resistant prostate cancer; DBD, DNA binding domain; GR, glucocorticoid receptor; LBD, ligand binding domain; mTOR, mechanistic target of
rapamycin; NTD, N-terminal domain; PARP, poly(ADP)ribose polymerase; PI3K, phosphatidylinositide 3-kinase; PR, progesterone receptor; PTEN,
phosphatase and tensin homolog; RB, retinoblastoma.
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In response to androgen, full-length AR regulates the
transcription ofwell-characterized target genes including PSA,
FKBP5, TMPRSS2, and NKX3.1 [4]. The transcriptome of AR
splice variants may have some overlap with that of full-length
AR, but splice variants also regulate expression of a distinct set
of genes [4]. AR splice variants, such as AR-V7, preferentially
increase the expression levels of genes such asUBE2C, CDC20,
CYCLINA2, andAKT1 [4]. Consistentwith upstreamblockadeof
both full-length and splice variant AR transcriptional activities,
EPI treatment inhibits gene expression that is regulated by
both full-length andAR-V7 in LNCaP95andVCaPcells,whereas
enzalutamideandbicalutamidehadnoeffect, respectively [93,
94]. Notably, both LNCaP95 cells and VCaP cells endogenously
express the full-length AR and AR-V7 protein [4]. An adaptive
shift to AR-V7 signaling is suggested to occur in androgen-
depleted environments and with antiandrogen treatment
[4]. Thus, LNCaP95 and VCaP cells represent an important
populationofmixed full-length and splice variant ARs thatmay
be reflective of human CRPC.

Consistent with targeting the AR NTDwithout reliance on the
LBD for AR inhibition, EPI did not compete with androgen in a
competitiveligand-bindingassay[91]. Increasingconcentrationsof
unlabeled synthetic androgen,bicalutamide, andEPIwereused to
competewith fluorescent-labeled androgen for binding to the AR
LBD. Increasing concentrations of both synthetic androgen and
bicalutamide displaced the fluorescent-labeled androgen and
competed for the ligand-binding pocket. By contrast, EPI did not
affect binding of the fluorescent-labeled androgen, regardless of
androgen concentration [91]. In another study, elevated androgen
levels were shown to compete for, and reverse, the inhibitory effect
of enzalutamide [73]. Thus, the reversible binding of antiandrogens
to the ARmay indicate the reason for their possible failure when
intratumoral androgen becomes elevated in CRPC. In contrast,
EPI neither targets the AR LBDnor does it compete for binding to
the LBD. Thus, EPI compounds possess a unique mechanism of
action and do not depend on the presence of the LBD.

The potential therapeutic benefits of EPI have been
demonstrated using a variety of human prostate cancer cell
lines and xenograft models in castrated male mice. The EPI
compounds have been shown to block AR-dependent pro-
liferation of human prostate cancer cells, but have no effect on
the viability of cells that do not rely on AR signaling for growth
and survival [91, 93]. EPI was shown to block growth of tumor
xenografts that express full-length AR aswell as xenografts that
express both full-length and splice variant AR in castratedmale
mice [91, 93, 94]. In contrast, EPI had no effect on PC3 prostate
cancer xenografts [91] that are insensitive to androgen and do
not express functional AR. Importantly, EPI blocked tumor
growth of enzalutamide-resistant LNCaP95 xenograft tumors
[94], demonstrating an efficacy potential that may be superior
to that of antiandrogens. In addition, EPI was shown to inhibit
other clinically relevant resistance mechanisms, such as gain-
of-function point mutations in the AR and overexpressed
transcriptional coactivators [94], further supporting its capabil-
ity to target a broad range of AR-dependent drivers of tumor
growth. Furthermore, in an exploratory toxicology assessment
inmice,no toxicitywasobserved inanimals treatedsystemically
with EPI: no loss of bodyweight, no changes in behavior, and no
pathologic changes in the histology of internal organs [91, 93].
Based on specificity of this agent to its target, apparent lack of

toxicity, and antitumor activity in preclinical models, these data
suggest that EPI is a promising anticancer agent in CRPC.

CLINICAL DEVELOPMENT OF EPI-506
EPI-506 is a novel small-molecule potent inhibitor of the AR
NTD that is currently under investigation for the treatment of
metastatic CRPC (mCRPC). EPI-506 is related to the EPI
compound family originally discovered by functional assay
screeningofmarinespongeextracts [91]and is the firstARNTD
inhibitor to enter human clinical development. The discovery
compound was EPI-001, which is a mixture of four stereoiso-
mers, each of which has the same chemical constitution, but
different spatial orientation of its constituent atoms.Themost
potent stereoisomer is EPI-002. EPI-506, the clinical candidate
with desired pharmaceutical properties, is a prodrug of EPI-002.

The EPI compounds have important mechanistic differences
from current AR-targeted therapies in that EPI directly inhibits
theessential functionoftheAR,whichis itstranscriptionalactivity.
BytargetingtheNTD,EPIhastheabilitytoinhibitARsplicevariants
and LBD-mutant ARs that have been implicated in resistance
to current therapies (Fig. 1).The uniquemechanism of action for
EPI-506 suggests that EPI-506 and other potential NTD inhibitors
may have a different pharmacological action. Although there are
several investigational agents under development for patients
withCRPCwhoarefailingabirateroneand/orenzalutamide,many
of these agents are LBD-targeting drugs that have similar
mechanisms of action to abiraterone and enzalutamide and will
potentially face the same issues of cross-resistance conferred by
AR splice variants andARLBDmutations. Bycomparison, EPI-506
is anticipated to overcome these resistance mechanisms and
may be effective in CRPC driven by both canonical and aberrant
AR signaling by targeting the NTD common to full-length, splice
variant, and LBD-mutated AR isoforms.

A phase I/II study of EPI-506 is currently ongoing inmen with
mCRPC with progression after enzalutamide and/or abiraterone
(NCT02606123). This open-label, single-arm study will evaluate
the benefit of 12-weekonce-a-day oral dosingwith EPI-506, after
establishing the safety, pharmacokinetics, and optimal dose of
EPI-506 in single- and multiple-dose escalations. The phase I
portion of the studywill follow an adaptive 31 3 dose escalation
design.The phase II portion of the studywill evaluate activity in 3
patientpopulations: postenzalutamide but abiraterone-naı̈ve
patients with mCRPC, postabiraterone but enzalutamide-
näıve patients with mCRPC, and postenzalutamide and -abiraterone
patients with mCRPC (Fig. 2). The planned total enrollment
is approximately 166 patients. Inclusion criteria include mCRPC
with progression of disease after one or more lines of hormonal
therapy or taxane chemotherapy, and progression of disease
while under treatment with enzalutamide or abiraterone. Exclu-
sion criteria include hematologic, hepatic, or renal insufficiency.
Primary endpoints include PSA response rate atweek12, defined
as a $50% PSA decrease from baseline. Secondary endpoints
includepharmacokinetics, objectiveResponse EvaluationCriteria
in Solid Tumors (RECIST) response rate, time to PSA progression,
radiographic progression-free survival, and safety/tolerability.
Exploratory endpoints include evaluation of biomarkers of
AR-driven treatment resistance, including AR splice variants
and AR LBD mutations, with circulating tumor cell-based
and plasma-derived cell-free DNA-based methodologies [62,
95]. Information gathered will be used to evaluate the clinical
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activity of EPI-506 in the context of known AR resistance
mechanisms. This clinical study will be the first to evaluate the
novel AR NTD inhibitor EPI-506 in men with mCRPC who have
failed enzalutamide and/or abiraterone. EPI-506 is the first
agent with the potential to inhibit both canonical and variant-
mediated AR signaling.

CONCLUSION AND FUTURE PERSPECTIVES

Despite significant recent advances in the treatment of CRPC,
many patients demonstrate limited clinical response or develop
secondary progression despite treatment with currently available

next-generation drugs. Given the heterogeneity of mechanisms
that may contribute to progression of CRPC, ongoing and future
trials should consider approaches to optimize delivery of care to
CRPCpatientswhoaremost likely tobenefit.Onesuchapproach is
to incorporate the longitudinal trackingofdisease (bothgenotypic
and phenotypic) so that a change in therapy may be triggered at
the time actionable biomarkers are detected. Several trials evalu-
atingtheclinicalutilityofAR-V7asaputativebiomarkerforinforming
treatment decisions in CRPC are ongoing and are summarized
in a recent review [96]. Most recently, Scher et al. reported on
the clinical validation of AR-V7 protein as a treatment-specific

Figure 1. Targeting the androgen receptor: N-terminal domain versus ligand-binding domain. EPI’s uniquemechanism of action confers
its ability to affect a broader AR population, including mutational and splice variant ARs implicated in resistant metastatic castration-
resistant prostate cancer. (A) EPI targets the AR N-terminal domain, a region critical for AR transactivation, whereas current AR-directed
therapies target the LBD andprevent androgens frombinding. (B) EPI inhibits activity of constitutively active, truncatedAR splice variants
that lack the LBD. In contrast, current AR-directed therapies can only affect AR populations that have an intact LBD. (C)Mutations in the
LBD have been shown to confer agonist activity to antiandrogens. EPI inhibition occurs despite the presence of these gain-of-function
mutations in the AR.

Abbreviations: AR, androgen receptor; LBD, ligand-binding domain.
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biomarker that may be associated with superior survival on
taxane therapy over AR-directed therapy in men with AR-V71
mCRPC [97]. Such biomarker-driven studies not only will help
direct caregivers to using the right treatment at the right time, but
alsowill reduce the time, burden, cost, and unnecessary toxicities
experienced by patients undergoing ineffective therapies [98].

Among the multiple pathways that drive CRPC, the heteroge-
neitywithinAR-drivenCRPCalone is extensive.To this end, intense
research efforts are underway to target other parts of the AR
molecule, namely the ARNTD andARDBD, and to degrade the AR
protein itself. As the focusof this article is on theARNTDas anovel
therapeutic approach, one future challengewill be to linkpotential
therapeutic responses to NTD inhibitors with integrated molecu-
lar characterization of the AR-ome from liquid biopsies [99],
which could possibly lead to a promising, precise, oncology-based
approach to CRPC treatment.The ongoing phase I/II clinical trial of
thefirstARNTDinhibitor,EPI-506, includesanevaluationofEPI-506
in the context of known AR resistance mechanisms, including
AR-V7, using liquid biopsies.The results generated from this study
will be timely and provide proof-of-concept that targeting the AR
NTDmayprovideameanstoovercomeresistancepathwaysdriven
by the AR, or that broader therapeutic approaches, such as
combinations of targeted AR agents, are needed to adequately
address the heterogeneity of AR-driven CRPC.
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