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Prostate Cancer Intervention 
versus Observation Trial (PIVOT).
(1994 – 2002, PSA Era)

Wilt, TJ et. al. NEJM 2017 Holmberg, L et. al. NEJM 2024

Scandinavian Prostate Cancer Group Study Number 4 (SPCG-4)
(1989 – 1999, Pre-PSA)



Lineage therapy in prostate cancer

1966 Nobel Lecture



The androgen receptor (AR) is the target of 
androgen deprivation therapy

Benign Prostate Prostate Cancer



Estrogens

Hu JR, et. al. Arterioscler Thromb Vasc Biol. 2020

GnRH Antagonists leads to more rapid testosterone decline

PSA



https://www.orgovyxhcp.com/efficacy/

Estrogens

Hu JR, et. al. Arterioscler Thromb Vasc Biol. 2020

Klotz L, et al. BJU Int. 2008

GnRH Antagonists leads to more rapid testosterone decline



Durability of response to ADT in metastatic PCa

James et. al. European Urology 2015 67, 1028-1038DOI: (10.1016/j.eururo.2014.09.032) 



Castrate-resistant prostate cancer frequently overexpress AR

Holzbeierlein et al. Am J. Path (2004) 164:217

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Holzbeierlein+J%5bauth%5d


Chen et. Al. Nat Med (2005)

Differential Expression



AR is only consistently upregulated gene in HR

Chen et. Al. Nat Med (2005)



AR overexpression is sufficient for castration resistance

Control: Intact

AR: Intact

Control: Castrate

AR: Castrate

Chen et. al. Nature Med 2005



Estrogens

Hu JR, et. al. Arterioscler Thromb Vasc Biol. 2020

Antiandrogen to inhibit AR activity

Antiandrogen



Bicalutamide and antiandrogen withdrawal response

Gim  et. al. Scientific Reports (2021) Nieh  et. al. J Urol (1995)



Bicalutamide is an agonist when AR is high

Gim  et. al. Scientific Reports (2021) Chen et. al. Nature Med 2005



Enzalutamide and apalutamide are pure AR antagonists

Gim  et. al. Scientific Reports (2021) Tran C et. al. Science 2010



Scher HI C et. al. Lancet 2010



ID Davis et al. N Engl J Med 2019;381:121-131.
Sweeney, CJ Lancet Oncology 2023

ENZAMET Trial

KN Chi et al. N Engl J Med 2019;381:13-24
KN Chi et al. JCO 2021

TITAN Trial



darolutamide (Nubeqa)
ARASENS Trial (control is ADT + docetaxel) ARANOTE Trial (control is ADT)

Saad F et al. JCO 2024Smith MR et al. NEJM 2022



Ketoconazole a (toxic) treatment for CRPC

Patel et al. Nature Rev Urol 2018 Pedro C. Barata et. al. Inv New Drugs 2018



abiraterone a (less toxic) treatment for CRPC

Patel et al. Nature Rev Urol 2018

Attard G et al. JCO 2008;26:4563-4571

abirateroneX

abiraterone



Changes in prostate-specific antigen (PSA) with abiraterone acetate. 

Attard G et al. JCO 2009;27:3742-3748

©2009 by American Society of Clinical Oncology

Reid A H et al. JCO 2010;28:1489-1495
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Fizazi K et al. N Engl J Med 2017;377:352-360.
Fizazi K et al. Lancet Oncol 2019

LATITUDE Trial of upfront abiraterone



Do you need ADT?

Freedland, SJ NEJM 2023



Toxicities of ARSIs

Yang CK et al. J Formos Med Assoc . 2023Iacovelli R, et al Clin Genitourinary Cancer 2018



What’s Next in AR targeting

25Fizazi, K et al. NEJM Evidence 2023



What’s Next in AR targeting

26Rathkopf DE, et al Ann Oncol 2024

Petrylak, DP, K et al. ASCO Annual Meeting 2024



Why are ARMUT samples most sensitive



Schultz, N et al. Cell  2015 Abida W et. al. JCO Precision Oncology 2017v

Primary Prostate Cancer (TCGA) Metastatic CRPC (MSK)



AR amplification through extrachromosomal DNA

Zivanovic A, et al., NAR Cancer 2023



AR-V7 is resistant to ligand targeted therapy





Abida W et. al. JCO Precision Oncology 2017

Metastatic CRPC (MSK)
AR independence is more common



Evidence of lineage plasticity driven by RB1 loss

Lesion 2: Small Cell Histology
1. TP53 p.Y163C
2. PTEN Deletion 
3. CTNNB1 exon3 p.D32A 
4. PIK3CG exon6 splicing variant p.X798_splice
5. TMPRSS2 rearrangement
6. RB1 Intragenic deletion
7. RAD51D Deletion (Fold Change: -2.6)
8. KMT2C exon44 p.K3847E

Anuradha Gopalan

Lesion 1: Adenocarcinoma Histology
1. TP53 p.Y163C
2. PTEN Deletion 
3. CTNNB1 exon3 p.D32A 
4. PIK3CG exon6 splicing variant p.X798_splice
5. TMPRSS2 rearrangement



Patient derived organoids of prostate cancer

Gao D et. al. Cell 2014



How many subtypes of CRPC are there

Normal Hormone sensitive
Prostate Cancer

AR dependent
• AR mutation
• AR Amplification
• AR Splice Variant

Neuroendocrine

?
CRPC



Ekta Khurana Cindy Lee Erica Xu

Chen Khuan Wong Fanying Tang Shangqian Wang



Ekta Khurana Chen Khuan Wong Fanying Tang Cindy Lee

Tang et. al Chromatin profiles classify castration-resistant prostate cancers suggesting therapeutic targets, Science 2022



CRPC-SCL are common and less responsive to ARSI



Take a step back—Why is untreated prostate cancer 
AR dependent

Dan Li Aaron Wang



40MSK Confidential — do not distribute

No epithelial regression with Lumianl AR knockout
H&
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WT Intact WT Castrate x2 weeks AR Knockout

Li et al In Preparation



ETV4-driven prostate cancer highly AR dependent

Li et al In Preparation



Summary – Working hypothesis

ETS, FOXA1,
SPOP, others

LumA (acinar cancer)
Normal

Castration

CRPC-AR
(LumA like)

CRPC-SCL
(LumD-like) NEPC

ADT
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