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Mutational Landscape Across Disease States



HETEROGENEITY OF 
TREATMENT 
RESPONSE



Overall Survival in M+ Patients as Determined by 
Nadir PSA 7 months after ADT



Response to enzalutamide: Phase 3 
(AFFIRM)-Similar for apalutamide and 

abiraterone

6

Enzalutamide had a high PSA Response Rate 

Enzalutamide

Placebo

>90% confirmed PSA fall:

Enza 25%; Placebo 1% (p<0.0001)

>50% confirmed PSA fall:

Enza 54% ; Placebo 2% (p<0.0001) 21%

Never had  

a PSA 

decline



Two-Thirds of Patients With mCRPC Have 
Tumors With Intermediate or Full Resistance 

to AR-Targeting Agents 

C. AR Sensitive 

(responders: dramatic and 

durable PSA decline)

A. Resistance (nonresponse: no 

significant durable decline in PSA) 

B. Intermediate Resistance 

(drifters: rapid PSA decline, 

followed by slow increase)

Post-therapy PSA change patterns in patients treated with AR targeting

agents in mCRPC

Rathkopf D, Scher HI.  Cancer J. 2013;19(1):43-49.



RESISTANCE 
MECHANISMS



Importance of Persistent AR Pathway 
Signaling in CRPC-Persistent Ligand

• Genetic evidence-AR-Mutated or amplified AR

• Persistent AR expression and expression of 
androgen regulated genes “androgen 
signature”

• “Persistent intratumoral ligand”-T or DHT or 
precursors



Androgen Signaling Pathway 
Inhibitors

• CYP 17, 20 lyase inhibitors-androgen 
biosynthesis inhibitors

– Abiraterone acetate

• Antiandrogens-block AR action

– Enzalutamide



Abiraterone acetate in mCRPC
Pre and Post-Chemotherapy*

mCRPC

Pre-chemotherapy

mCRPC

1st Line 

Chemotherapy

mCRPC

Post-chemotherapy

COU-AA-302 COU-AA-301

Co-Primary 

Endpoints: 

OS, rPFS

Primary 

Endpoint: 

OS

*FDA approved indications

Ryan et al NEJM 2013 DeBono et al NEJM 2011



Enzalutamide in mCRPC
Pre and Post-Chemotherapy*

mCRPC

Pre-chemotherapy

mCRPC

1st Line 

Chemotherapy

mCRPC

Post-chemotherapy

PREVAIL AFFIRM

Primary 

Endpoint:

OS

Co-Primary 

Endpoints:

OS and rPFS

*FDA approved indications

Beer et al NEJM 2014 Scher et al NEJM 2012



Acquired Resistance to 
ADT/Abiraterone/Enzalutamide
• Androgen receptor mediated 

mechanisms

– AR amplification-

– AR splice variants

– Activating mutations in AR

• F876L with enzalutamide

• AR mutants responsive to progesterone after 
abiraterone
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AR Splice Variants

Guo Z and Qiu Y. Int J Biol Sci. 2011;7:815-822. 



AR Variants associated With 
Resistance to AR-Targeted Therapy
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Antonarakis et al 

NEJM 2014

AR-V7=Non-Responders 
to ABI/ENZA



17
Antonarakis et al 

NEJM 2014



Wang Q, et al. Cell. 2009;138(2):245-256.

Epigenetic Mechanism-Androgen 
Receptor Targets are Distinct in HSPC 

and CRPC



Acquired Resistance to 
ADT/Abiraterone/Enzalutamide
• Androgen receptor mediated 

mechanisms

– AR amplification-

– AR splice variants

– Activating mutations in AR

• F876L with enzalutamide

• AR mutants responsive to progesterone after 
abiraterone
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Acquired Resistance to 
ADT/Abiraterone/Enzalutamide

• Androgen receptor mediated 
mechanisms

– Activating mutations in AR

– AR amplification

– AR splice variants

• Up-regulation of other 
steroidogenic enzymes
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Mutation in 3BHSD1 Facilitates 
Conversion of Precursors to DHT



Resistance to 
ADT/Abiraterone/Enzalutamide

• Androgen receptor mediated mechanisms

– Activating mutations in AR

– AR amplification

– AR splice variants

• Up-regulation of other steroidogenic enzymes

• GR- (or PR-) mediated transcriptional 
activation
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Glucocorticoid Receptor Activation 
Post-Enzalutamide Treatment

2

6

• Acquired resistance to enzalutamide can be associated with increased 
expression of the glucocorticoid receptor (GR)

Arora VK, et al. Cell .2013;155:1309–22.

Baseline

Marrow 

biopsy

8 weeks

Marrow 

biopsy

Continue until 

no clinical 

benefit

Good responder

Poor responder

Enz Enz

>6 months

<6 months

PSA decline Good Poor

>50% 11 1

<50% 2 13



Resistance to 
ADT/Abiraterone/Enzalutamide
• Androgen receptor mediated mechanisms

– Activating mutations in AR

– AR amplification

– AR splice variants

• Upregulation of other steroidogenic enzymes

• GR- (or PR-) mediated transcriptional 
activation

• Activation of other pathways

– Androgen transporters
27



Androgen Transporters
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Statins block androgen transporters

JAMA Onc 2015



Statins (utilize androgen transporter) and 
duration of response to ADT

30

Harshman et al JAMA 

ONC 2015



Ligand and AR Independent 
Mechanisms-The Latest Stages

• Alternative molecular signaling pathways



A randomized phase II cross-over study of abiraterone + prednisone vs enzalutamide for patients with metastatic, castration-resistant prostate cancer

Chi et al Canc Disc 

2018



Study Schema

Chi et al Canc Disc 

2018



Time to Progression

Chi et al Canc Disc 

2018



Genomic Correlates with TTP

Chi et al Canc Disc 

2018



Genomic Correlates with TTP

Chi et al Canc Disc 

2018



Ligand and AR Independent 
Mechanisms-The Latest Stages

• Alternative molecular signaling pathways

• Evolution of AR and PSA negative cells

• Acquisition of neuroendocrine
differentiation



CROSS RESISTANCE



Cross-Resistance: Abiraterone and 
Enzalutamide

Therapy Prior Therapy PSA 50 ORR PFS

Noonan et al 

2013
Abiraterone Enzalutamide 4% 0% 3.9 mo

Loriot et al 

2013
Abiraterone Enzalutamide 8% 8% 2.7 mo

Smith et al 

2014
Abiraterone Enzalutamide 2.8 mo

Schrader et al 

2013
Enzalutamide Abiraterone 28% 3% –

Badrising et al

2013
Enzalutamide Abiraterone 21% – 3.0 mo

Cheng et al 

2014
Enzalutamide Abiraterone 20% – –

Noonan KL, et al. Ann Oncol. 2013;24(7):1802-1807.

Loriot Y, et al. Ann Oncol. 2013;24(7):1807-1812.

Smith, et al., ASCO GU. 2014

Schrader AJ, et al. Eur Urol. 2014;65(1):30-36.

Badrising S, et al. Cancer. 2014;120(7):968-975

Cheng et al. ASCO 2014

39



PSA Responses Diminish With 
Second-Line AR Therapy

ENZA  ABI ABI ENZA

First Line Second Line First Line Second Line

≥50% PSA 

Decline
55-60% 4-8% 38-46% 13-29%



Conclusions

• Understanding the persistence of the 
androgen signaling pathway in CRPC has 
been transformative

• Cross resistance occurs between agents

• Numerous mechanisms of resistance

• We need validated and easily accessable
biomarkers to guide therapy



Thank you


