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Educational Objectives 

• To become familiar with current systemic therapy 
options for recurrent / metastatic prostate cancer 

• To understand the proposed mechanisms of action of 
systemic therapies for metastatic prostate cancer 

 



Prostate Cancer: Incidence and Mortality 
American Cancer Society US estimates 

2017 
• 161,360 new cases - #1 for 

men  

• 26,730 deaths - # 3 for men 

 

2012 
• 241,740 new cases - #1 for 

men 

• 28,170 deaths - # 2 for men 

Lifetime probability: 1 in 8 
Focus of presentation: 
prostatic adenocarcinoma 
 

Siegel RL, et al. “Cancer Statistics, 2012.” CA CANCER J CLIN 2012;62:10-29 
American Cancer Society. Cancer Facts & Figures 2017. Atlanta: American Cancer Society; 2017 



ANDROGEN HORMONES AND 
PROSTATE CANCER 



Endocrine Axis in Prostate Cancer 

 

Image courtesy of N. Sharifi. Modified from Sharifi N, Gulley JL, and Dahut WL. (2005) JAMA; 294:238-44. 



Methods of androgen deprivation therapy (ADT) 

• Orchiectomy (surgical castration) 

• GnRH agonist / antagonist (eg: 
leuprolide / degarelix) 

• Antiandrogen (block androgen 
receptor) 

• Estrogen (cardiovascular and 
thromboembolic toxicity) 

• CYP17 inhibition in the adrenal gland 

• 5a-reductase inhibition to impair 
conversion of T to DHT (as part of 
CAB) 
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Androgen receptor signaling 

Friedlander TW and Ryan CJ. Urol Clin N Am 2012; 39:453-464. 

The presence of testosterone (T) or dihydrotestosterone (DHT) causes dissociation of HSP, dimerization, and 
phosphorylation (P) of the AR and translocation to the nucleus where the AR binds to an ARE, causing 
recruitment of DNA transcriptional machinery and gene transcription. (Adapted from Li J, Al-Azzawi F. 
Mechanism of androgen receptor action. Maturitas 2009;63:142–8; with permission.) 



BIOCHEMICAL RECURRENCE OF 
PROSTATE CANCER (RISING PSA) AFTER 
LOCAL THERAPY 



Androgen deprivation therapy (ADT) to treat 
biochemical recurrence or metastatic prostate cancer 

• ADT leads to objective responses in 80-90% of men 

 

• Highly variable duration of efficacy 

 

• Median time to prostate cancer progression with 
ADT: 2-3 years 

 



Biochemical recurrence after definitive 
local therapy 

• Observation vs ADT 

• No one-size-fits all answer 

• PSA velocity, patient and physician anxiety, side 
effects of ADT, and other medical conditions 
(comorbidities) can impact the decision  

• Unclear benefit of early vs late ADT: a moderate 
improvement in the risk of dying from prostate 
cancer offset by a moderate increase in risk of 
dying from other causes (Loblaw DA et al J Clin Oncol 2007, 
25: 1596-1605) 

NCCN Guidelines Version 1.2017 



Intermittent vs continuous ADT for 
biochemical recurrence 

• No apparent detriment to intermittent ADT vs 
continuous ADT seen in clinical trials of men 
with locally advanced prostate cancer or 
biochemically recurrent prostate cancer with 
respect to survival 

• Intermittent ADT associated with improved 
quality of life 

NCCN Guidelines Version 1.2017 



Possible side effects of ADT 

• Hot flashes 

• Decreased sexual performance 

• Breast swelling  

• Weight gain 

• Fatigue 

• Decreased muscle mass 

• Accelerated osteoporosis (thinning of bones) 

• Possible increased cardiovascular risk 

• Cognitive impairment 

• Association with increased risk of dementia (retrospective 
study) 

 

 



ADT impacts physical function and quality 
of life 

• Study of 87 men with non-metastatic prostate cancer starting 
continuous ADT compared to two control groups: 86 men with 
prostate cancer not receiving ADT and 86 men without 
prostate cancer 

• Physical function testing (6-minute walk test, grip strength, 
timed-up-and-go test 

• Quality of life questionnaire 

• Conclusion: Endurance, upper extremity strength, and 
physical components of quality of life are affected within 3 
months; exercise interventions to counteract losses are 
recommended to prevent or reverse these changes 

 

Alibhai SMH et al, J Clin Oncol 2010, 28:5038-45. 



METASTATIC CASTRATION-
SENSITIVE PROSTATE CANCER 



Castration-sensitive metastatic 
prostate cancer 

• ADT (GnRH agonist + initial anti-androgen to offset 
transient androgen surge or GnRH antagonist or 
orchiectomy) is the gold standard initial treatment 
for men with metastatic prostate cancer 

• Until August 2015, this was the standard of care 
treatment for all men with castration-sensitive 
metastatic prostate cancer 

• Clinical trials subsequently demonstrated the 
benefits of adding treatment with up to 6 cycles of 
docetaxel chemotherapy to ADT for men with a large 
burden of metastatic prostate cancer 



Microtubule stabilization as a rational therapeutic 
target in prostate cancer: docetaxel and cabazitaxel 

• Prostate cancer 
cells: long doubling 
times, low fraction 
of dividing cells – is 
chemotherapy 
relevant? 

• Microtubules: 
dynamic polymers 
of a- and b-tubulin 
heterodimers 

• Essential for 
regulation of 
chromosomal 
segregation 

Mistry SJ and WK Oh. (2013) Mol Cancer Ther; 12:555-66. 

Docetaxel and cabazitaxel are taxane chemotherapies  
that stabilize microtubules and improve survival in men  

with metastatic castration resistant prostate cancer 



Systemic Treatment Options for Prostate Cancer (STOpCaP) meta-analysis project: 
trials of docetaxel in localized or metastatic castration-sensitive prostate cancer 

 

Vale CL et al (2016) Lancet Oncol; 17:243-56. 



Insufficient evidence yet that docetaxel improves OS in men 
with non-metastatic (M0) castration-sensitive prostate cancer, 

but it delays time to progression 

C: Docetaxel impact 
on OS in M0 disease 

 

 

 

 

D: Docetaxel impact 
on Failure-free 
survival in M0 
disease 

Vale CL et al (2016) Lancet Oncol; 17:243-56. 



Docetaxel improves Failure-free survival and OS in men with men 
castration-sensitive metastatic (M1) prostate cancer starting ADT 

A: Docetaxel impact 
on OS in M1 disease 

 

 

 

 

B: Docetaxel impact 
on Failure-free 
survival in M1 disease 

 

Vale CL et al (2016) Lancet Oncol; 17:243-56. 



Docetaxel and castration-sensitive 
prostate cancer? 

• Metastatic castration-sensitive prostate 
cancer: 

– Yes if high-volume metastatic disease 

– Maybe if low-volume metastatic disease – growing 
evidence to recommend to all good candidates 

• M0 high-risk prostate cancer: Maybe in select 
patients 



METASTATIC CASTRATION-RESISTANT 
PROSTATE CANCER (CRPC) 



Castration-resistant prostate cancer (CRPC) 

• Majority of patients with metastatic prostate cancer 
experience disease progression within 2-3 years 
despite surgical or chemical castration  

 

• CRPC is principally responsible for prostate cancer 
mortality 

 



Castration-resistant prostate cancer (CRPC) 

 

“Castration resistant”  

does NOT mean   

“Androgen independent” 



Mechanisms of prostate cancer progression and 
castration resistance: targets for therapy 

• Persistent androgen signaling despite castration therapy 

 

• Microtubule polymerization (taxanes) 

 

• Immune escape 

 

• Interactions with bone microenvironment 



Hormonal manipulation beyond castration 

• Block extra-gonadal androgen production 

• Block the androgen receptor 

 



Sites of inhibition of androgen biosynthesis and 
androgen-mediated signaling 

• Castration therapy: depletes the 90-95% of circulating T 
produced by testes 

 

• 25% of circulating DHT produced by testes – the more 
relevant androgen for mCRPC 

 

• Adrenal glands and prostate cancer cells produce androgens 

 

 



Inhibiting androgen signaling in CRPC 
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Image courtesy of N. Sharifi. Modified from Sharifi N, Gulley JL, and Dahut WL. (2005) JAMA; 294:238-44. 

X abiraterone 

enzalutamide 



Abiraterone acetate improves overall survival (OS) for 
men with mCRPC 

• Clinical trial of men previously treated with docetaxel 
chemotherapy: abiraterone was associated with 
improved OS of 14.8 vs 10.9 months with placebo 

 

• Clinical trial of men not previously treated with 
docetaxel chemotherapy: abiraterone was associated 
with improved OS of 35.3 mos vs 30.1 mos with 
placebo 

 

de Bono JS, et al. NEJM 2011; 364:1995-2005. 
Ryan CJ, et al. NEJM 2013; 368:138-148 



Enzalutamide improves overall survival (OS) for men 
with mCRPC 

• Clinical trial of men previously treated with docetaxel 
chemotherapy: enzalutamide was associated with 
improved   OS of 18.4 mos vs 13.6 mos with placebo 

 

• Clinical trial of men not previously treated with 
docetaxel chemotherapy: 29% reduction in risk of 
death (72% vs 63% survival at time of data cut off) 
with enzalutamide treatment 

Scher HI, et al. NEJM 2012; 367:1187-1197. 
Beer TM, et al. NEJM 2014; 371:424-433. 



Microtubule stabilization as a rational therapeutic 
target in prostate cancer: docetaxel and cabazitaxel 

 

Mistry SJ and WK Oh. (2013) Mol Cancer Ther; 12:555-66. 

Docetaxel and cabazitaxel are chemotherapies that stabilize microtubules and 
improve survival in men with metastatic CRPC 



Immunotherapy for CRPC 

• Immune escape is a hallmark of 
cancer 

• Increased activity of 
immunosuppressive T regulatory 
cells (Treg), myeloid-derived 
suppressor cells (MDSC) 

• Upregulation of T-cell inhibitory 
checkpoint pathways (CTLA-4, 
PD-1) 

• Impaired tumor antigen 
presentation by antigen 
presenting cells (APCs) 

• Prostate-cancer specific antigens 
are non-essential: attractive 
therapeutic targets 
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Sipuleucel-T for metastatic CRPC 

• Active cellular immunotherapy approved for treatment of 
asymptomatic or minimally symptomatic men with metastatic 
CRPC 

• CD45+ APCs collected by leukapheresis and pulsed with fusion 
construct of prostatic acid phosphatase (PAP) and 
granulocyte-macrophage colony-stimulating factor (GM-CSF) 
called PA2024 

• 3 leukapheresis procedures each separated by 2 weeks, with 
reinfusion of sipuleucel-T 3 days after each leukapheresis 

 

Sonpadve G and Kantoff PW. Urol Clin N Am 2012; 39:465-481. 
Kantoff PW, et al. NEJM 2010; 363:411-422.  



Sipuleucel-T for metastatic CRPC 

• IMPACT Trial: phase III trial of men with asymptomatic or 
minimally symptomatic metastatic CRPC with primary 
endpoint of OS 

• Randomized 2:1 (n = 512) to sipuleucel-T vs APCs not pulsed 
with PA2024 

• Improved median OS 25.8 vs 21.7 mos, HR 0.77; P = 0.2 

• No delay in first time to progression (TTP) 

• Few PSA declines or objective responses 

 

Kantoff PW, et al. NEJM 2010; 363:411-422  



Immunotherapies under investigation 

• Phase III studies of ipilimumab 
(anti-CTLA-4) in men with CRPC 
previously treated with 
chemotherapy or chemotherapy-
naïve showed no improvement in 
OS, but improved PFS 

• Ongoing PROSTVAC-VF TRICOM 
phase III study: poxvirus-based 
vaccine therapy where 
recombinant vaccinia and fowlpox 
vectors express PSA and co-
stimulatory molecules (TRICOM) 

 
Kwon ED et al. Lancet Oncol 2014; 15:700-12. 
Beer TM et al. JCO 2016; 35:40-7. 
Suzman DL and Antonarakis ES. Ther Adv Med Oncol 2014; 6:167-79. 
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        Blockade of PD-1 or CTLA-4 Signaling in Tumor 
Immunotherapy 

Ribas A. N Engl J Med 2012;366:2517. 



Prevalence of gene somatic mutations across human 
cancer types: will checkpoint inhibitors work for CRPC? 

 

Alexandrov LB et al. Nature 2013; 500:415. 



Prostate cancer bone tropism and bone-targeted 
therapies 

 

• ~ 90% of patients with metastatic 
prostate cancer develop bone 
metastases 

• Zoldedronic acid (bisphosphonate) 
and denosumab (RANKL inhibitor) 
approved in mCRPC to reduce SREs 

• Strontium-89 and samarium-153 
lexidronam (beta-emitters) approved 
to provide palliation for painful bone 
metastases 

Pal SK, Lewis B, and Sartor O. (2012) Urol Clin N Am; 39:583-91. 
Keller ET, et al. (2001) Cancer Metast Rev; 333-49. 

Model of cross-talk between 
prostate cancer and bone  
microenvironment: a “vicious  
cycle” where CaP cells stimulate  
osteoclasts to break down bone, 
releasing growth factors that  
support proliferation of CaP, which 
releases factors supporting 
osteoblast proliferation/survival. 



Radium-223 dichloride preferentially targets osteoblastic 
metastases  

• Bone-targeted a-emitter 

• Effective at inducing DNA double-strand breaks  

• Emission over a short (microns) path-length vs. b-radiation (millimeters) 

• Calcium mimic with preferential uptake in osteoblastic metastases vs. normal bone 

 

 

Imaging Radium-223 

Cheetham PJ and DP Petrylak (2012) Oncology; epub. 
Pandit-Taskar N, et al. (2014) J Nucl Med; 55:268-74. 



“Integrative Clinical Genomics of Advanced 
Prostate Cancer” 

• Whole exome and 
transcriptome sequencing 
of metastases from 150 
men with mCRPC 

• Most common alterations: 
AR, ETS genes, TP53, PTEN 
(40-60%) 

• BRCA1, BRCA2, and ATM in 
19.3% - increased vs 
primary prostate cancer 

• 22.7% when include other 
DNA repair / 
recombination genes 

 

Robinson D, et al. (2015) Cell, 161: 1215–1228.  



Treatment of men with prostate cancer with 
BRCA1/2 mutations: Olaparib 

• Poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP): 
enzyme involved in DNA repair 

• ~ 25-30% of sporadic CRPC cases have DNA repair defects with 
mutations in genes including BRCA1/2, ATM, etc. 

• Phase II trial of PARP inhibitor olaparib in 50 patients with mCRPC 
previously treated with standard of care systemic therapies 

• ORR 33% (16/49 evaluable) 

• DNA repair gene mutations in 16/49 patients, including 14/16 
responders (88%) – 7/7 with BRCA2 loss (4 biallelic somatic, 3 
germline), 4/5 with ATM mutation 

• Olaparib granted Breakthrough Therapy designation by FDA in 2016 
for treatment of men with metastatic CRPC and BRCA1/2 or ATM 
mutations 

Mateo J et al. N Engl J Med 2015;373:1697-1708 



Antitumor Activity of Olaparib and Association with Defects in DNA-
Repair Genes, According to Biomarker Status 

Mateo J et al. (2015) NEJM 373:1697-1708 

Olaparib granted Breakthrough Therapy designation by FDA in 2016 for 
treatment of men with metastatic CRPC and BRCA1/2 or ATM mutations 



Areas of ongoing investigation 

• Optimal sequencing of available therapies 

 

• Combination therapies 

 

• Mechanisms of resistance 
– AR splice variants (eg: AR-v7): potential markers of primary resistance 

to abiraterone and enzalutamide 

– Glucocorticoid receptor upregulation 

– Alternative signaling pathways (eg: PI3K / AR crosstalk; Met/VEGFR) 

 

• Earlier interventions targeting potential future 
mechanisms of resistance 

 



Agent Action Year Primary Endpoint 

Estramustine Nitrogen mustard-estradiol conjugate 1981 Disease responses 

Strontium-89 Radiopharmaceutical 1993 Pain palliation 

Mitoxantrone + prednisone Type II topoisomerase inhibitor 1996 Pain palliation 

Samarium-153 Radiopharmceutical 1997 Pain palliation 

Zoledronic acid Bisphosphonate 2002 Reduced SRE 

Docetaxel + prednisone Microtubule stabilizer 2004 Overall Survival 

Sipuleucel-T Cell-based immunotherapy 2010 Overall Survival 

Cabazitaxel + prednisone Microtubule stabilizer 2010 Overall Survival 

Denosumab mAb to RANKL 2010 Reduced SRE 

Abiraterone + prednisone CYP17 inhibitor 2011, 2012* Overall Survival 

Enzalutamide AR antagonist 2012, 2014* Overall Survival 

Radium-223 Radiopharmaceutical 2013 Overall Survival 

Currently approved therapies for metastatic CRPC 

SRE, skeletal-related event; mAb, monoclonal antibody; RANKL, receptor of nuclear factor kappa-B ligand; * dates are for FDA 
approval for treatment of patients post- and pre-docetaxel, respectively 

Modified from Pal SK, Lewis B, and Sartor O. Urol Clin N Am 2012; 39:583-591. 



My approach to treatment of metastatic prostatic 
adenocarcinoma 

 Castration-sensitive: 
 GnRH-agonist or antagonist (orchiectomy or ketoconazole + 

hydrocortisone if emergent castration required)  

 6 cycles of docetaxel (CHAARTED and STAMPEDE studies) in fit patients 

 Castration-resistant: 
 Sipuleucel-T if asymptomatic / minimally symptomatic: pre- or post-

docetaxel, but appears to be of greatest efficacy early 

 Abiraterone plus prednisone (pre- or post-docetaxel) 

 Enzalutamide (pre- or post-docetaxel) 

 Radium-223 if symptomatic bone-only metastatic disease (pre- or post-
docetaxel) 

 Docetaxel plus prednisone (earlier if symptomatic) 

 Cabazitaxel plus prednisone with growth factor support 

 Olaparib if metastatic CRPC and BRCA1/2 or ATM mutations 

 Clinical trials warrant consideration at any point from time 
of diagnosis 


