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1.  INTRODUCTION
The androgen receptor (AR) is a nuclear transcription factor that is essential 

for growth, survival and proliferation of prostate cells.1  AR also plays a key 

role in the initiation and progression of human prostate cancer and a subset 

of human breast cancer.2,3  Androgen deprivation therapy (ADT), achieved 

either by surgical castration or with drugs that block androgen synthesis, has 

proven to be effective in the treatment of androgen-dependent advanced 

and metastatic prostate cancer.4,5  Unfortunately, after a few years of 

castration, prostate cancer progresses into what is now termed castration-

resistant prostate cancer (CRPC).6  AR and AR signaling continue to play 

important roles in CRPC, and effective inhibition of AR and AR signaling 

has been pursued for the treatment of CRPC.7 
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Figure 1  Drugs that block AR and AR signaling.

New therapies targeting AR and AR signalling have been developed for 

the treatment of advanced prostate cancer, including metastatic CRPC 

(mCRPC).  These therapies include a new anti-androgen drug, abiraterone, 

and second-generation pure AR antagonists (Figure 1).8,9  Abiraterone 

(1) is a CYP17 inhibitor that blocks the biosynthesis of testosterone and 

dihydrotestosterone.  The first-generation AR antagonists nilutamide (2) 

and flutamide (3) have low selectivity of prostate over other tissues and 

organs.10  They only partially suppress AR activity and were largely replaced 

by bicalutamide (4).11  More recently, second-generation AR antagonists 

with no agonist effects, improved potency and efficacy, and diminished 

side effects were developed.12  In the past decade, three second-generation 

AR antagonists, namely enzalutamide (5), apalutamide (6) and darolutamide 

(7), have been approved for the treatment of prostate cancer.  Enzalutamide 

and apalutamide have a similar chemical scaffold.13  Enzalutamide was the 

first second-generation pure AR antagonist approved by the U.S. FDA and 

is currently the standard first-line treatment for CRPC.  An uncommon but 

serious side effect of enzalutamide is seizure resulting from its ability to 

cross the blood brain barrier (BBB) and bind to the GABA-gated chloride 

channel.14  Although apalutamide and enzalutamide have a similar GABA 

binding affinity, apalutamide has lower brain exposure than enzalutamide 

and causes fewer incidences of induced seizure.15  A common side effect 

of apalutamide is skin rash, which is possibly due to the cyano pyrimidine 

moiety undergoing reversible covalent bond formation with cysteine 

residues in proteins.16 
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Darolutamide (7) was recently approved by the FDA to treat CRPC.17  

Darolutamide is a mixture of two diastereomers that are interconvertible 

through a ketone metabolite.17  Both alcohol diastereomers and the ketone 

form of darolutamide are active AR antagonists.  In vitro, darolutamide 

has 8-10 times stronger affinity to AR than enzalutamide or apalutamide.18  

Furthermore, darolutamide exhibits reduced brain penetration with the 

ratio of brain-to-blood concentration in mice >10-fold lower than that 

for enzalutamide.19  Consequently, darolutamide is less prone to inducing 

seizures.

Despite the clinical benefits of these second-generation AR antagonists, 

patients with prostate cancer can develop resistance to these drugs, with AR 

and AR signaling continuing to play an important role for cancer growth.20  

Some of the major resistance mechanisms involving AR include activation 

of point mutations, gene amplification, and expression of splicing variants.21  

Consequently, new strategies are being pursued to target AR.

Learning from the successful development of selective estrogen receptor 

degraders (SERDs) for the treatment of ER-positive breast cancer,22 selective 

androgen receptor degraders (SARDs) have been pursued as a potential 

new therapeutic strategy targeting AR.  SARDs are proposed to disrupt 

the interactions of AR and its coregulators, leading to activation of a 

proteasome-dependent pathway to promote AR degradation.23  Several 

classes of SARD molecules have been reported.  Compounds 8 and 9 are 

derivatives of bicalutamide.  They are reported to bind to the AF1 (activation 

function-1) transactivation domain in AR and are capable of degrading full-

length AR and AR variants (Figure 2).24  ASC-J9 (10) was shown to induce 

degradation of wild-type AR and ARV3 variants, but its binding site on AR 

was not identified.25  It is currently being evaluated in a Phase II clinical trial 

for the treatment of acne.  AZD3514 (11) reduces the expression of AR, but 

its precise mechanism of action has not been determined.26  Compound 

12 was designed using an AR ligand and a hydrophobic tag that mimics 

the partially denatured protein state and leads to the degradation of AR.27  

Compared with SERD molecules, current SARD molecules lack the desired 

potencies, and further optimization is needed toward the development of 

SARD molecules as a new class of therapeutic agents for the treatment of 

prostate cancer.
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Figure 2  Chemical structures of selective AR degraders (SARDs).

In the last few years, induction of protein degradation by employing 

the proteolysis-targeting chimera (PROTAC) technology has gained 

considerable momentum for the discovery and development of new 

therapeutic agents.  In this chapter, we will review recent progress on the 

discovery and development of PROTAC AR degraders.

1.1  Basic Concept of Proteolysis-Targeting Chimera 
      (PROTAC) Technology      

     
Figure 3  Illustration of the PROTAC technology platform.
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PROTACs were initially introduced in 2001 by Deshaies and Crews.28  The 

general concept is outlined in Figure 3.  Although the PROTAC research 

field progressed slowly for the first decade since the initial publication, 

tremendous progress has been made in recent years in investigating 

the therapeutic potential of this approach.  PROTAC degraders have 

several major advantages over traditional small-molecule agents.  First, 

it has been demonstrated that one PROTAC degrader molecule has the 

capability of inducing degradation of more than one protein of interest 

(POI) by functioning as a “catalyst” which can be recycled multiple times 

(Figure 3).  This behavior is also referred to as “event driven” for a degrader 

molecule instead of “occupancy driven” for a traditional small-molecule 

drug.29  PROTAC degraders can achieve exceptional degradation potencies 

on POIs and therefore can have more profound pharmacological effects 

against POIs than their corresponding small-molecule inhibitors.  Second, 

a PROTAC degrader requires the formation of a ternary complex, consisting 

of the PROTAC molecule itself, the POI, and the E3 ligase complex.30  The 

formation of a ternary complex by a PROTAC degrader not only involves 

the binding pocket residues on the POI but also engages POI protein and 

E3 ligase protein interactions.  Hence, PROTAC degraders are capable of 

achieving high degradation selectivity.  Third, for the design of a PROTAC 

degrader, a ligand for the POI is needed, but the ligand does not need to 

target a functional site in the POI.31  This provides the opportunity to 

expand druggable protein targets beyond those susceptible to traditional 

small molecules, which typically target a functional site in a protein to be 

therapeutically effective.  Finally, by effectively reducing the levels of a 

protein through degradation, a PROTAC degrader has the ability to shut 

down a POI more profoundly than a traditional small-molecule inhibitor, 

particularly for those proteins with multiple domains encoding different 

biological functions.  Hence, a PROTAC degrader can have an augmented 

pharmacological effect and be more efficacious than a traditional small-

molecule inhibitor.32

Compared to traditional small molecules, PROTAC degrader molecules have 

major limitations in the context of drug development.  Since a PROTAC 

degrader consists of two small-molecule ligands and a linker, it typically 

has a molecular weight (MW) above 700.33  Such high MW compounds 

have intrinsic challenges in achieving good cell permeability and oral 

bioavailability.  Therefore, while PROTAC degraders can be readily designed 

as research tool compounds for in vitro studies, extensive optimization 
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efforts are needed to achieve good tissue penetration and, especially, oral 

bioavailability.

To date, ligands for four different E3 ligases have been employed in the 

design of PROTAC AR degraders.  Below we discuss PROTAC AR degraders 

designed using each of these four E3 ligases.

2.  MDM2-BASED AR PROTAC DEGRADERS
The first PROTAC AR degrader (13) was reported by the Crews Laboratory 

in 2008 using MDM2 (murine double minute 2) as the targeted E3 ligase 

(Figure 4).34  In a physiological setting, MDM2 binds to p53 and induces p53 

degradation.  Although targeting the MDM2-p53 protein-protein interaction 

was proposed as a therapeutic strategy to reactivate p53, discovery of potent 

and selective MDM2 inhibitors was found to be difficult.  A breakthrough 

was reported in 2004 by scientists at Roche, who discovered nutlins as 

first-in-class potent and selective inhibitors of the MDM2-p53 interaction 

with in vivo activity.35  In their design of PROTAC AR degraders, the Crews 

Laboratory employed a nutlin with an IC
50

 value of 90 nM for binding to 

MDM2 linked to a bicalutamide analog with a K
i
 value of 4 nM to AR.  Despite 

the use of high-affinity ligands to both MDM2 and AR, compound 13 was 

found to degrade the AR protein in cells only at micromolar concentrations, 

suggesting that the MDM2 E3 ligase is not very efficient in inducing 

degradation of AR.  Nevertheless, the study by the Crews Laboratory 

provided important proof-of-concept that the AR protein can be degraded 

by a bifunctional small molecule through the PROTAC mechanism.

Figure 4  Chemical structure of an MDM2-based AR PROTAC molecule.
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3.  IAP-BASED AR PROTAC DEGRADERS  
Inhibitors of apoptosis proteins (IAPs) were initially identified as a class 

of proteins that play a key role in regulating apoptosis, which is a form of 

programmed cell death.  Several IAP protein members in mammalian cells, 

including cellular IAP1 (cIAP1), cIAP2, and X-linked IAP (XIAP) also possess 

a ring domain, which encodes an E3 ligase function.36  Smac (second 

mitochondria-derived activator of caspase), also known as  DIABLO 

(direct IAP-binding protein with low pI), was identified as an endogenous 

antagonist of IAP proteins.37  Smac binds to IAP proteins using an Ala-Val-

Pro-Ile tetrapeptide binding motif.  Based upon the Smac-IAP protein-

protein interaction, small-molecule inhibitors of IAP proteins, often 

called Smac mimetics, have been developed, and a number of them are 

currently in clinical development.38  Scientists from Takeda have employed 

Smac mimetics to recruit IAP proteins as the E3 ligases in the design of 

bifunctional PROTAC degraders, which they named SNIPERs (specific 

and non-genetic inhibitor of apoptosis protein [IAP]-dependent protein 

erasers).39  Compound 14 is a SNIPER that was designed using a high-

affinity IAP inhibitor and a pyrrole-based potent AR antagonist (Figure 5) 

and was found to be capable of reducing AR protein in AR-positive VCaP 

and 22RV1 cell lines at low micromolar concentrations.  Compound 14 

consistently and effectively suppresses AR-mediated gene expression and 

inhibits cell growth in the VCaP cell line.  It was demonstrated that although 

SNIPER molecules bind to XIAP and cIAP1/2, cIAP1 is the primary E3 ligase 

engaged in the induction of degradation of the target protein.40  A major 

weakness of SNIPER degrader molecules is that by binding to cIAP1, they 

also induce rapid degradation of cIAP1 in cells, potentially limiting their 

degradation potency and efficacy against the POI.39

Figure 5  Structure of IAP-based AR PROTAC molecules.
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4.  VHL-BASED AR PROTAC DEGRADERS 
The von Hippel-Lindau (VHL) E3 ubiquitin ligase complex has played a 

critical role in the advances of the PROTAC field.  The VHL complex consists 

of VHL itself, elongins B and C, cullin 2, and ring box protein 1 (Rbx1).41  

Hypoxia-inducible factor 1α (HIF-1α) is the primary endogenous substrate 

of the VHL E3 ligase.  Co-crystal structures of VHL in a complex with a HIF-

1α peptide show that VHL contains a single, conserved pocket that interacts 

with a short HIF-1α peptide containing a hydroxyproline residue.42  Based 

upon the short HIF-1α peptide that is responsible for its binding with VHL, a 

large number of peptidomimetics have been developed in the laboratories 

of Ciulli at the University of Dundee and Crews at Yale University.43,44  These 
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peptidomimetics have much improved binding affinity, cell permeability, 

and microsomal stability over that of the initial HIF-1α peptide.  These 

potent and cell-permeable peptidomimetic ligands for VHL have enabled 

the design of highly potent PROTAC degraders for AR and many other 

proteins.45 

ARCC-4 (15) was the first AR PROTAC degrader designed using a high-

affinity VHL ligand (Figure 6).46  ARCC-4 achieves a DC
50

 (half maximal 

degradation concentration) of 5 nM in the AR+ VCaP cell line, which has AR 

gene amplification.  It also achieves low nanomolar degradation potencies 

in the LNCaP, 22RV1, and other AR+ prostate cancer cell lines, as well as in 

the AR+/ER+ T47D breast cancer cell line.  Importantly, ARCC-4 efficiently 

degrades clinically relevant AR mutants containing a point mutation such 

as F876L, T877A, L702H, H874Y, or M896V.  These results demonstrate that 

AR PROTAC molecules have the potential to overcome some important 

resistance mechanisms to some of the second-generation AR antagonists 

such as enzalutamide.  ARCC-4 also potently inhibits cell growth in a 

number of AR+ prostate cancer cell lines, being 10-times more potent than 

enzalutamide.

Our group47 reported ARD-69 (16, Figure 6) as a highly potent AR degrader 

with in vivo activity.  ARD-69 was discovered through extensive optimization 

efforts (Figure 7).  First, a set of initial AR PROTAC degraders was obtained 

by tethering enzalutamide to a high-affinity peptidomimetic VHL ligand 

with flexible linkers of various lengths.  This led to the identification of 

compound 19 which was shown to reduce the levels of AR protein by 48% 

at 100 nM and by 88% at 1000 nM in the LNCaP cell line.  Compound 20 

was obtained by partial rigidification of the linker as well as by using a 

pyridinylpiperazine moiety that improves its physicochemical properties.  

Compound 20 was found to achieve similar AR degradation potencies 

as compound 19.  Changing the linking position in the VHL ligand and 

employing a highly rigid linker yielded compound 21, which was found to 

reduce AR in the LNCaP cell line by 20, 81, and 97% at 10, 100, and 1000 

nM, respectively.  Finally, employment of a more potent AR antagonist with 

a high-affinity VHL ligand and a similar rigid linker afforded ARD-69 (16).  

ARD-69 achieves a DC
50

 value of <1 nM in the LNCaP and VCaP cell lines.  

It also potently suppresses AR-regulated gene expression, inhibits LNCaP 

and VCaP cell growth at low nM concentrations, and is >100-fold more 

potent than its corresponding AR antagonist.  In a mouse VCaP xenograft 
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model, a single IP dose of ARD-69 effectively reduces the AR protein level 

and suppresses prostate-specific antigen (PSA) expression.  ARD-69 inhibits 

tumor growth in the LNCaP and VCaP xenograft models in mice at well 

tolerated doses.47  In a follow-up study, a weaker VHL ligand was used in 

the successful design of a highly potent AR PROTAC degrader ARD266 (17), 

demonstrating that effective PROTAC degraders do not necessarily require 

the most potent E3 ligase ligands.48

Figure 7  Stepwise design of an exceptionally potent VHL-based AR PROTAC ARD-69 with in 

vivo activity.
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ARD-69 has a MW of 1129 and a calculated polar surface of 197 Å2, and 

ARD-266 has a MW of 916 and a calculated polar surface of 174 Å2.  Both 

compounds employ a peptidomimetic VHL ligand.  It is therefore not 

surprising that both compounds lack oral bioavailability, an important 

limitation for their further development as oral drugs.

5.  CEREBLON-BASED AR PROTAC DEGRADERS 
In 2010, Ito et al. made a landmark discovery that the protein cereblon 

is a primary target of thalidomide.49  Cereblon is a substrate recognition 

receptor for the cullin 4A E3 ligase complex, consisting of cereblon, 

DDB1, and cullin 4A.50-53  By binding to cereblon, thalidomide and its 

derivatives recruit non-native substrates (neo-substrates) to the cullin 

4A/cereblon E3 complex for ubiquitination, followed by subsequent 

proteasomal degradation.  Since thalidomide and its analogs lenalidomide 

and pomalidomide have low MW and excellent druglike properties, 

incorporating them as E3 ligase ligands in bifunctional PROTAC degraders 

offers an increased chance of achieving favorable drug properties.  Bradner 

and his colleagues were the first to employ a cereblon ligand for the design 

of PROTAC degraders.54  Cereblon ligands have been extensively used for 

the design of PROTAC degraders of AR. 

Figure 8  Chemical structures of representative cereblon-based AR PROTAC molecules.

Compounds 22 and 23 are two early PROTAC AR degraders designed using 

a cereblon ligand (Figure 8).55,56  Although both 22 and 23 only degrade AR 

proteins at micromolar concentrations in AR+ prostate cancer cells and 

have demonstrated no superiority to enzalutamide in cell growth inhibition 

against AR+ prostate cancer cells, these compounds provided proof-of-



concept that the cereblon/cullin 4A E3 ligase can be employed for the 

design of PROTAC degraders against AR.

The PROTAC 24 was recently reported as a PROTAC AR degrader, employing 

an enzalutamide derivative as the AR ligand, a thalidomide derivative as the 

cereblon ligand, and a rigid linker.  PROTAC 24 achieved a DC
50

 value of 77 

nM in the AR+ LNCaP cell line.57  TD-802 (25) was designed using a high-

affinity AR ligand, which was initially discovered by scientists at Pfizer, 

together with a new cereblon ligand and a different rigid linker.58  TD-802 

was shown to potently degrade AR with a DC
50

 value of 12.5 nM in the LNCaP 

cell line.  The compound has good microsomal stability and achieves 

reasonable pharmacokinetics (PK) after intraperitoneal (IP) injection in 

mice.  Importantly, upon IP injection, TD-802 slowed tumor growth in the 

VCaP xenograft model in mice.

5.1  Discovery of Orally Bioavailable AR PROTAC Degraders 

Figure 9  Three representative cereblon-based orally bioavailable AR PROTACs.

As mentioned above, a typical PROTAC degrader has a MW above 700 

and falls outside of Lipinski's “rule of five,” posing challenges to achieving 
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oral bioavailability.59  Despite these properties, orally active AR PROTAC 

degraders have been successfully obtained through extensive optimization 

efforts, with three representative compounds shown in Figure 9. 

Bavdegalutamide (ARV-110, 26) was the first reported orally bioavailable 

AR PROTAC degrader with its structure included in a patent publication 

by Arvinas60 and later disclosed in the 2021 AACR national meeting.61  

The optimization strategy used for the discovery of bavdegalutamide was 

presented in the AACR meeting and shown in Figure 10.  Scientists at Arvinas 

started their efforts by screening different AR ligands and E3 ligands and 

chose an AR inhibitor reported by Pfizer62 with thalidomide as the cereblon 

ligand, which yielded degrader 29 employing a flexible linker.  Compound 

29 achieves a DC
50

 value between 1 to 10 nM and D
max

 (maximal degradation) 

value <50% in in the LNCaP cell line.  Compound 29 was found to have 

encouraging oral bioavailability, but it is reported to show high clearance 

in a PK study in an undisclosed species.  Further optimization of the linker 

in 29 yielded compound 30, which has a DC
50

 value < 1 nM and a D
max

 value 

>50%.  Compound 30 was found to have suboptimal in vivo efficacy and a 

high melting point, suggesting challenges for formulation.  Conformational 

restriction of the linker in 30 afforded 31, which achieved a DC
50

 value < 1nM 

and D
max

 value >50%.  Compound 31 was shown to auto-induce AR signaling, 

indicating that it might have some other mechanism of action in addition 

to its PROTAC mode of action.  Replacing the pyrimidine in 31 with a phenyl 

provided 32, which retains high AR degradation potency but had suboptimal 

oral exposure in a PK study in undisclosed species.  Replacement of the AR 

ligand in compound 32 with a different AR antagonist and installation of a 

fluorine substituent on thalidomide led to the discovery of bavdegalutamide 

(ARV-110, 26) as a candidate for clinical development. 

In the LNCaP cell line, bavdegalutamide has a DC
50

 value of 0.24 nM and 

a D
max

 of 82%.  Bavdegalutamide was shown to degrade AR at low nM 

concentrations in the parental VCaP cell line and other engineered VCaP 

cell lines containing a mutated AR (F877L, T878A, M897V, and H875Y), and 

effectively blocks PSA synthesis.  Bavdegalutamide inhibits cell growth 

in the parental VCaP cell line and in an enzalutamide-resistant VCaP cell 

line.63  Although bavdegalutamide has a MW of 812, it is reported to achieve 

sufficient oral bioavailability in mice, rats, and non-rodent species to support 

oral dosing in preclinical PD and efficacy models, preclinical toxicology 

studies, and in human clinical trials.  Oral administration of bavdegalutamide 

effectively reduces AR protein in VCaP and LNCaP xenograft tumor tissues.  

Recent Advances in Targeting the Androgen Receptor with PROTACs 307 



Bavdegalutamide effectively inhibits tumor growth and is more efficacious 

than enzalutamide in multiple AR+ prostate cancer xenograft models in 

mice with oral administration.64 

Our group recently reported two series of orally bioavailable and potent 

AR PROTAC degraders, represented by ARD-2128 (27) and ARD-2585 (28) 

(Figure 9).65,66  ARD-2128 employs a potent AR ligand reported by Pfizer 

scientists, with a rigid linker and thalidomide-type cereblon ligand.  ARD-

2128 achieves DC
50

 values of 0.28 nM and 8.3 nM in the VCaP and LNCaP 

cell lines, respectively, as well as an excellent PK profile in mice, including 

low clearance and good volume of distribution, and 67% oral bioavailability.  

Oral administration of ARD-2128 effectively reduces AR protein and 
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Figure 10  Medicinal chemistry campaign for the discovery of the potent and orally active AR 

degrader ARV-110.60,61



suppresses AR-regulated genes in tumor tissues, leading to the effective 

inhibition of tumor growth in mice.  The chemical structure of ARD-2128 

was independently included in a patent from Arvinas.60

ARD-2585 was obtained through a multiple-step optimization process, as 

shown in Figure 11.66  First, the AR antagonist 33 was linked to thalidomide 

34 through a linear linker to determine the optimal linker length, which 

led to identification of the potent degrader 35.  In the next stage, linker 

rigidification using different ring systems was investigated, yielding a 

potent degrader 36.  Finally, optimization of the AR antagonist portion of 

36 and fine-tuning of the rigid linker resulted in the discovery of ARD-2585 

(28).  ARD-2585 achieves DC
50

 values below 0.1 nM in both the VCaP and 

LNCaP cell lines.  It inhibits VCaP and LNCaP cellular growth with IC
50

 values 

of 1.5 and 16 nM, respectively, and demonstrates an excellent PK profile in 

mice with an oral bioavailability of 51%.  ARD-2585 is more effective than 

enzalutamide in suppressing tumor growth in the VCaP xenograft tumor 

model in mice at well-tolerated doses.

Figure 11  Stepwise design of ARD-258 as a highly potent and orally bioavailable AR PROTAC.
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Bavdegalutamide, ARD-2128 and ARD-2585 have MWs of 812, 820, and 

763, respectively, which puts them clearly outside the “rule-of-five” space.  

However, these AR degraders are able to achieve a good PK profile in mice 

and excellent oral bioavailabilities.  Examination of the chemical structures 

of ARV-110, ARD-2128, and ARD-2585 highlights some of the common 

features and physicochemical properties of these orally bioavailable 

PROTAC degraders.  Each of them employs a rigid, aliphatic linker 

containing a positively charged group, a thalidomide derivative as the E3 

ligand, and a low MW AR ligand.  Their calculated polar surface areas are 

between 149 and 180 Å2, and their calculated clogP values are in the range of 

4.3-6.7.  The discovery of these highly potent and orally active AR PROTAC 

degraders suggests that despite the expected challenges in achieving good 

oral bioavailability with bifunctional PROTAC molecules, careful selection 

of ligands for the POI, employment of highly rigid linkers with good 

physicochemical properties, and use of cereblon ligands can deliver orally 

active PROTAC degraders. 

6.  PROTAC DEGRADERS TARGETING AR VARIANTS  
It has been proposed that PROTAC degraders designed using inhibitors that 

bind to the N-terminal domain (NTD) should be able to induce degradation 

of both full-length AR as well as AR variants (ARV).67  AF1 and DBD (DNA 

binding domain) are the two known binding sites located in the NTD of AR.  

MTX-23 (37) is the first ARV7 PROTAC based on an AR DBD ligand and a VHL 

ligand (Figure 12).68  MTX-23 was shown to degrade ARV7 and full-length AR 

with DC
50

 values of 0.37 and 2.0 µM, respectively.  It further inhibits cellular 

growth of apalutamide-resistant and darolutamide-resistant 22RV1 and 

VCaP cell lines at low µM concentrations and suppresses tumor growth in an 

enzalutamide-resistant 22RV1 resistant mouse xenograft model.  Although 

MTX-23 is still a relatively weak degrader against ARV7 or full-length AR, it 

provides a clear proof-of-concept that PROTAC degraders against ARVs can 

be obtained.

Figure 12  Chemical structure of PROTAC MTX-23 targeting wild-type AR and AR variant 7 (ARV7).



7.  CLINICAL DEVELOPMENT OF PROTAC AR 
     DEGRADERS 
To date, five orally bioavailable AR degraders, bavdegalutamide (26) and 

ARV-766 from Arvinas, AC-0176 from Accutar, HP518 from Hinova, CC-

94676 from Celgene/BMS) and one topical gel AR degrader (GT20029 from 

Kintor), have been advanced into clinical development, and early clinical 

data for bavdegalutamide has been reported.64  The structure of 

bavdegalutamide is the only one that has been disclosed.  Bavdegalutamide 

was evaluated in patients with metastatic prostate cancer and either once-

daily or twice-daily oral administration in the Phase I trial with the dose range 

of 35-700 mg QD or 210-420 mg BID.  The exposures of bavdegalutamide 

were dose-proportional, and at a dose of 420 mg QD, the AUC
0-24

 reached 

10,000 ng/ml*h, exceeding its preclinical efficacious exposure in mice.  

Based on combined safety, pharmacokinetics, and activity data, a dose of 

420 mg QD was selected as the recommended Phase II dose (RP2D).

Bavdegalutamide was found to be well tolerated.  No grade ≥4 treatment-

related adverse events (TRAEs) were found in 138 patients treated at 

the RP2D, and grade 3 TRAEs were rare.  The most common TRAEs of 

any grade at the RP2D were nausea (48%), fatigue (36%), vomiting (26%), 

decreased appetite (25%), diarrhea (20%), and alopecia (14%).  Treatment was 

discontinued as a result of adverse events in 12 patients (9%).

Efficacy was analyzed in biomarker-defined subgroups based upon AR 

status.  Across biomarker-evaluable patients in Phase I and Phase II who 

had at least one month of PSA follow-up, 46% of patients with AR T878A/S 

and/or H875Y mutations had the best PSA decline of ≥50% (PSA50).  Of the 

seven patients with AR T878A/S and/or H875Y mutations who were RECIST-

evaluable, six had tumor shrinkage, and two patients had confirmed partial 

responses, defined as tumor shrinkage by 30% or greater.  PSA decline was 

also observed in other subgroups, including patients with AR wild-type, 

L702H mutation/AR-V7 variant expression, and with either abiraterone 

or enzalutamide pretreatment.  Overall, bavdegalutamide demonstrated 

clinical activity in a post-novel hormonal agent (NHA), heavily pretreated 

mCRPC patient population.  Biomarker selection of patients with AR T878 

and/or H875 mutations enriches bavdegalutamide sensitivity.

ARV-766 was advanced into Phase I human clinical trials in October 

2021.69  To date, its chemical structure and preclinical data have not been 
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disclosed.  However, it was stated by Arvinas that ARV-766 works better 

than bavdegalutamide “at blunting the growth of cancer cells with L702H 

alterations, the most frequent mutation associated with resistance to 

abiraterone and other AR-targeted therapies.”69  AC-0176 from Accutar, 

HP518 from Hinova, GT20029 from Kintor, and CC-94676 from Celgene/

BMS are also being evaluated in Phase I human clinical trials for their safety, 

tolerability, pharmacokinetics, and pharmacodynamics recently, although 

no preclinical or clinical data has been reported for these AR degraders.

8.  FUTURE PERSPECTIVES 
AR has been extensively pursued as a therapeutic target for the treatment 

of human prostate cancer and other human diseases or conditions.  

Second-generation AR antagonists have been developed, and in the last 

decade, three of them have received regulatory approval for the treatment 

of advanced prostate cancer, including metastatic disease.  Despite their 

clinical successes, resistance to these AR-targeted agents develops in 

treated patients, typically within 18 months.  In patients who have become 

resistant to these AR antagonists, AR and AR signaling continue to play a 

major role in fueling prostate cancer growth and metastases.  Some of the 

major resistance mechanisms include activation of AR point mutations, 

AR gene amplification and expression of AR splicing variants.  Therefore, 

AR and AR signaling remain attractive therapeutic targets for advanced 

prostate cancer, even when the disease evolves into resistance to second-

generation AR antagonists.

Several new therapeutic approaches have been pursued against AR, 

including the development of selective SARDs and inhibitors targeting 

different domains of AR.  Recently, major progress has been made in the 

discovery and development of bifunctional PROTAC degraders against 

full-length AR.  Several classes of AR ligands and four different types of 

ligands for E3 ligases (MDM2, IAP, VHL/cullin 2, cereblon/cullin 4A) have 

been employed for the design of PROTAC AR degraders.  While PROTAC AR 

degraders employing ligands for MDM2 or IAP only showed degradation 

potencies in the micromolar ranges, highly potent AR degraders using 

ligands for VHL and cereblon have been discovered.  In particular, potent and 

orally active AR degraders using ligands for cereblon have been obtained.  

These AR degraders not only effectively induce degradation of wild-type AR 

but also of AR mutants known to be resistant to AR antagonists.  They also 
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outperform enzalutamide in preclinical efficacy studies both in vitro and in 

vivo.  To date, five orally active PROTAC AR degraders, bavdegalutamide, 

ARV-766, AC-0176, HP518, and CC-94676, have been advanced into clinical 

development.  Early clinical data on bavdegalutamide demonstrate a 

good safety profile and the ability to achieve predicted efficacious plasma 

exposures.  Importantly, bavdegalutamide shows antitumor activity in 

post-NHA, heavily pretreated mCRPC patients and has the best response 

in patients with AR T878 and/or H875 mutations.  This early clinical data 

for bavdegalutamide provides evidence that PROTAC AR degraders have 

potential in the treatment of mCRPC.  With the early clinical success for 

bavdegalutamide, it is expected that more PROTAC AR degraders will be 

advanced into clinical development in the future.  Furthermore, PROTAC 

AR degraders have the potential to treat not only mCRPC patients who fail 

second-generation AR antagonists, but also patients with early prostate 

cancer given the excellent safety profile demonstrated by bavdegalutamide.
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