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Prostate Cancer (Epidemiology)

• Over approximately 900,000 cases world-wide
– Over 250,000 deaths world-wide (28%)

• U.S. approximately 241,000 cases
– Over 30,000 deaths (12%)



Epidemiology
• Worldwide incidence and mortality vary significantly
• Histologic prevalence is essentially similar

– 30-50% of men over have PC at autopsy
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Worldwide incidence and mortality vary significantly
• Highest clinical incidence in African Americans

• High clinical incidence Western countries

• Low clinical incidence in Far East

Histologic prevalence similar worldwide

• 30%-50% men have prostate cancer at autopsy

Initiation of disease common
Promotion to clinical disease varies

Epidemiology



Characteristics of PC

• Chromosomal deletions (LOH) universal feature of human cancer

• Unlike other solid tumors (e.g., RCC, CRC, breast cancer) PC 
shows inconsistent chromosomal deletions

      - There is extensive genetic heterogeneity

• Hereditary PC (HPC) linkage analysis has shown several 
susceptibility loci

  - There is extensive genetic heterogeneity in HPC



Characteristics of PC

• Marked morphologic/ histologic heterogeneity
  - Multifocal
  - > 1 histologic grade
  - Often admixed with benign pathology

• Non-palpable PC in RP specimens
  - Up to 45% of high-grade tumor (grade 4, 5) < 1cm3
  - aggressive disease can occur early in small tumor
 



ETS gene fusions in prostate 
cancer

Tomlins et. al.



Oncogenesis/TSG 
• Oncogenes
  - Expression level
   Ras, myc, sis, fos, EGFR, c- erbB2:  found in varying frequencies
   Bcl2: in two-thirds of CRPC
  - Increased gene copy number
   C-myc: 11%, cyclin D1: 5%
• Tumor Suppressor Genes
  - p53
   Most consistently mutated (advanced disease) 
   Heterogeneity of p53 mutations within different tumors in 

                             same gland
  - Others: PTEN, Rb, p16, p27, E-cadherin 
 
  - Aggressive Variant Prostate Cancer (AVPC): PTEN, p53, Rb



Pathogenesis: histologic transformation

Mills et al, 2014.



Clinical Presentation of PC

• Clinically Localized  ~75%

• LAPC    ~10 – 15%

• Metastatic   <5 - 10%



Prostate cancer progression and 
treatment 

BRCA

●Denosumab



Role of Androgen/AR in Prostate Cancer

• Androgens under normal conditions cause differentiation

• In Prostate Cancer why are androgens proliferative?
 - TMPRSS2-ETS translocation as one possible explanation

• Role of Androgen Deprivation Therapy (‘hormone therapy’) in Prostate 
Cancer

 - 80% of patients respond initially, PSA decreases

• ADT invariably fails:  PSA increases in spite of castrate levels of 
testosterone

 - Castrate Resistant Prostate Cancer (CRPC)
 -  Gain of Function in AR







Chemical structure of steroidal and nonsteroidal 
antiandrogens



Enzalutamide: AR Antagonist

Tran C, et al. Science. 2009;324:787-790.

Potently binds 
to AR

Reduces nuclear 
translocation of 

AR

Inhibits DNA 
binding of AR 

Enzalutamide

Slows growth 
& 

Induces cell 
death





Guo et. al.

AR variants



Metastatic Castration Sensitive Prostate Cancer

• First line therapy is hormone ablation
– > 80%  patients respond
– Duration of response is ~18-24 months with GAS
– Duration of response increase by ~ 12 additional months 

with GAS + AR axis targeting agents to GAS

• Types of hormone treatments (next generation)
– Androgen Axis Targeting

• Androgen biosynthesis inhibitors
– Abiraterone 

• Non- Steroidal
– Enzalutamide
– Apalutamide
– Darolutamide



Hormonal Therapies in Metastatic Castration Sensitive 
Prostate Cancer (CSPC)

• Gonadal androgen suppression (GAS):    surgical/medical castration

• Combined androgen suppression (GAS + AR axis targeted agents = ‘hormonal 
intensification’)

• Androgen deprivation therapy (GAS) + docetaxel chemotherapy

• Combined androgen suppression (ADT + AR axis targeting) + docetaxel

– PEACE-1 Trial (ADT + Abiraterone + Docetaxel)

– ARASENS Trial (ADT + Darolutamide + Docetaxel)



Hormonal Therapies in Metastatic Castration Resistant 
Prostate Cancer (CRPC)

- Patients then develop progressive disease despite castrate levels of serum 
testosterone, i.e. Castration Resistant Prostate Cancer (CRPC)

- In CRPC there is re-expression of Androgen Regulated Genes (ARG), i.e. 
there is recruitment of AR-dependent signaling

- PSA starts rising despite ‘castrate’ levels of serum testosterone

- Therefore, in CRPC there is rationale to:
  - Further decrease androgen biosynthesis
  - Disrupt AR function 

  



Abiraterone in Metastatic CRPC (pre-docetaxel)
COU-302 Trial

• Phase 3 multicenter, randomized, double-blind, placebo-controlled study 
conducted at 151 sites in 12 countries; USA, Europe, Australia, Canada

• Stratification by ECOG performance status 0 vs 1

AA 1000 mg daily
Prednisone 5 mg BID

(Actual n = 546)

Co-Primary:
• rPFS by central review
• OS

Secondary:
• Time to opiate use 

(cancer-related pain)
• Time to initiation of 

chemotherapy
• Time to ECOG-PS 

deterioration
• TTPP

Efficacy end points

Placebo daily
Prednisone 5 mg BID

(Actual n = 542)
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• Progressive chemo-
naïve mCRPC 
patients
(Planned N = 1088)

• Asymptomatic or 
mildly symptomatic

Patients

Ryan CJ et al. Oral presentation ASCO, Chicago, 2 June 2012



Statistically Significant Improvement in rPFS Primary End Point

NR, not reached; PL, placebo.
Data cutoff 12/20/2010.

Ryan CJ et al. Oral presentation ASCO, Chicago, 2 June 2012



Strong Trend in OS Primary End Point
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Pre-specified significance level by O’Brien-Fleming Boundary = 0.0008.
Data cutoff 12/20/2011.



Abiraterone in mCRPC (post docetaxel): COU 301 Trial

- N = 1195 pts; 2:1 randomization; all pts previously received 
docetaxel

- AA 1000 mg/day + Pred 10 mg/day vs. Placebo + Pred 10 
mg/day
– Median follow up 13 months

  OS:  14.8 months vs. 10.9 months (HR 0.65)
  PFS:  5.6 months vs. 3.6 months
  PSA response:  29% vs. 6 %

 - Secondary analysis
– 90% pts had bone metastasis, 44% had significant pain
– Statistically significant improvement in pain, time to first SRE



Abiraterone in Metastatic CRPC (post docetaxel)
COU-301 Trial

Primary Endpoint: Overall Survival



AFFIRM:  A Phase III Trial of Enzalutamide vs. Placebo in Post-
Chemotherapy Treated mCRPC

27

Co- Principal Investigators: 
H. Scher  & J. De Bono

Clinicaltrials.gov identifier:
NCT00974311
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Primary Endpoint:

Overall Survival

Enzalutamide 
160 mg daily

n = 800

Placebo
n = 399

Patient Population:

1199 patients with 
progressive CRPC 

 * Failed docetaxel  
  chemotherapy    

* Glucocorticoids were not required
       but allowed



Enzalutamide Prolongs Survival by a Median of  4.8 Months

HR = 0.631 (0.529, 0.752) P < 0.0001
37% Reduction in Risk of Death

MDV3100:  18.4 months 
(95% CI: 17.3, NYR)

Placebo: 13.6 months 
(95% CI: 11.3, 15.8)
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De Bono J. Presented at the 2012 ASCO Annual Meeting. Chicago, IL



Hormonal Therapies in Metastatic Prostate Cancer 

• Metastatic Castration Resistant Prostate Cancer

– ADT + Abiraterone:  COU-301 (post docetaxel), COU-302 (pre-docetaxel)

– ADT + Enzalutamide:  AFFIRM (post docetaxel), PREVAIL (pre-docetaxel)

• Metastatic Castration Sensitive Prostate Cancer

– ADT + Abiraterone:  LATTITUDE, STAMPEDE

– ADT + Enzalutamide:  ENZAMET, ARCHES

– ADT + Apalutamide:  TITAN



Chemotherapy

• Low dose po Cytoxan
• 5 FU
• Doxorubicin
• Doxorubicin + 5FU
• Doxorubicin + Stilphostrol
• Doxorubicin + Ketoconazole
• Vinblastine
• Vinorelbine

• Estramustine (EMP)
• EMP+Vinblastine
• EMP + Etoposide
• EMP+Taxanes
• Epothilones
• Satraplatin
• Mitoxantrone
• Docetaxel
• Cabazitaxel



TAX 327: Overall Survival (mCRPC)

Median Hazard         P-value
  (mos) survival ratio*

-D Q3 weeks:             18.9              0.76             0.009
-Mitoxantrone             16.5                --               --
                                          *Compared to mitoxantrone

NOTE: In the weekly Taxotere® (docetaxel) injection concentrate arm, no overall survival advantage was demonstrated compared to the 
            mitoxantrone control..



Phase III Trials of Docetaxel Combinations

Doc/Pred vs Doc/ 
Combined With: Status Results

DN-101 Terminated early Negative

GVAX Terminated early Negative

Bevacizumab Completed Negative

VEGF-Trap Completed Negative

Atrasentan Completed Negative

ZD4054 Completed Negative

Dasatinib Completed Negative

Lenalidomide Completed Negative

Custersin (OGX-011) Completed Negative

To date, no combination improves on docetaxel and pred



Cabazitaxel (TROPIC Phase III Trial; mCPRC)

• N = 775 pts; all received prior docetaxel

• Cabazitaxel/Prednisone vs. Mitoxantrone/Prednisone

• Overall Survival favored cabazitaxel
  Median survival  :  15.1 months vs.  12.7 months (HR 0.70)
  PFS                     :  2.8 months   vs.  1.4 months  (HR 0.74)
  PSA response     :  39% vs.  18%

• Survival benefit greater for pts receiving more prior docetaxel (HR 0.51 
for doc >900m/m2 vs. 0.96 for doc < 225 mg/m2)



Cabazitaxel in mCRPC

Proselica Trial (n=1200, mCRPC post Docetaxel)
          Cabazitaxel 20mg/m2  vs.  Cabazitaxel 25mg/m2
   - median OS:  13.4 mo  vs.  14.5 mo
   - Grade 3/4 infections:  10%  vs.  20%
   - Neutropenic fevers:  2%  vs.  10%

Firstana Trial (n=1168, chemotherapy-naive, 1:1:1)
  Cabazitaxel 20mg/m2  vs. Cabazitaxel 25mg/m2  vs.  Docetaxel 75mg/m2 

   - median OS:  24.5 mo  vs.  25.2 mo vs.  24.3 mo
   - Grade 3/4 toxicity:  41%  vs.  60%  vs. 46%



Chemo-hormone Therapy in Metastatic Castration 
Sensitive Prostate Cancer 

• ADT + Chemotherapy (Docetaxel) – “Doublets”

– CHAARTED

– STAMPEDE

– GETUG-AFU15

• ADT + AR Targeting + Chemotherapy (Docetaxel) – “Triplets”

– PEACE-1:  ADT + Abiraterone +/- Chemotherapy

– ARASENS:  ADT + Chemotherapy +/- Darolutamide



Immune Therapy in Prostate Cancer

Vaccines:  Generate anti-tumor response to specific tumor antigens

 Sipuleucel-T (PAP-GSF fusion protein used to prime autologous    
dendritic cells ex vivo and then reinfuse in pts to stimulate T cells)

 Prostvac (PSA-triad of costimulatory molecules in viral vector        
given s.c. to prime dendritic cells in vivo which then stimuateT cells)

Immune Checkpoint Inhibitors:  Non-specific stimulation of T cells

 PD-1 (activated T and B cells)

 PD-L1 (expressed on tumor cells)

 CTLA-4 (activated T cells)



Sipuleucel-T

Leukapheresis

Isolation of APC

Antigen-loaded
APCs

Antigen
(PAP-GMCSF)

Patient



m1CRPC: Sipuleucel-T: ↔PFS, ↑OS

• IMPACT 2010
• Phase 3 randomized

• PSA ≥ 5, no visceral mets but bone mets OK, ±chemo

• IV infusions, q2weekly x 3

• Sipuleucel-T vs placebo

512 patients
OS (25.8 vs. 21.7 mo)
HR for death (0.78; 95% CI 0.61 to
0.98; P=0.03)
Gr ≥3 AE: 31.7% vs 35.1%; chills,  
fever, headache

Kantoff PW, et al. NEJM 2010



Conclusions

• Immunotherapy may slow the growth rate of tumors and improve OS 
(but may not impact short term PFS)

• Immunotherapy may have delayed effect and for a longer period of 
time (in part may be due to antigen spreading)

• Earlier use of immunotherapy with less tumor burden is likely to be 
better



Radioisotopes: 50 years of progress

1942          1993   2003              2013

First use 
of Sr-89

Approval 
of Sr-89

Approval 
of Ra-223

First use 
of Ra-223

Roy Larsen

Sr-89: 
Beta 

emmitter

Disease 
palliation

Ra-223:
Alpha 

emmitter

Overall 
survival



Radium and Strontium act as Calcium Mimetic Agents

Calcium
Strontium

Radium



α (Ra decay) and β (Sr decay) Particles

α β
Relative mass 7300 1
Range in tissue 0.1mm 5mm
Hits to kill a cell 1–10 100–1000

Alpha                    Beta



TREATMENT

6 injections at 
4-week intervals

Radium-223 (50 kBq/kg) 
+ Best standard of care

Placebo (saline) 
+ Best standard of care
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N = 922

PATIENTS

• Confirmed 
symptomatic 

CRPC
• ≥ 2 bone 
metastases

• No known 
visceral 

metastases

ALSYMPCA (ALpharadin in SYMptomatic Prostate CAncer) Phase 
III Study Design

• Total ALP: 
< 220 U/L vs ≥ 220 U/L

• Bisphosphonate use: 
Yes vs No

• Prior docetaxel: 
Yes vs No

STRATIFICATION 



ALSYMPCA Overall Survival

Parker et al. NEJM (2013)



Prostate-specific membrane antigen (PSMA): molecular target for imaging and therapy in prostate cancer

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



Open-label study of protocol-permitted standard of care ± 177Lu-PSMA-617 in adults with PSMA-positive mCRPC

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



Primary endpoints: 177Lu-PSMA-617 prolonged OS<br />

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



Primary endpoints: 177Lu-PSMA-617 improved rPFS<br />

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



DNA Damage Response (DDR) Pathways 

• Normal cells repair SSB in DNA via BER (utilize PARP)
 
• Normal cells repair DSB in DNA via Homologous Recombination (HR)
  - BRCA1, BRCA2, ATM, others

   
• SSB repair pathways can compensate for DSB pathways (and vice versa)
  - If have HR defects (eg: BRCA1/2, ATM mutations) then cells up to 1000 x more sensitive 
                     to PARP inhibitors (bi-allelic loss)

• DDR defects in prostate cancer – can treat with PARP inhibitors
  - up to 20% advanced CRPC
             - up to 5% germline mutations in BRCA

• There is cross-talk between AR signaling and DDR pathways, which could be exploited
  
• Cross-talk between PARP and cell cycle (eg: RB/E2F1)
 
 





PARP Inhibitors in Metastatic CRPC

• PROfound Trial:  Olaparib
• Olaparib vs enzalutamide or abiraterone, 2:1 randomization
• BRCA1/2, ATM mutations
• Primary endpoint:  rPFS

• 7.4 months vs 3.6 months, HR 0.34 (0.25-0.47)

• Secondary endpoint: OS 
• 18.5 months vs 15.1 months

• Triton 2 Trial:  Rucaparib
• Phase 2 trial in mCRPC post next gen hormonal agent and one prior 

chemotherapy regimen
• BRCA1/2 mutated
• Primary endpoints: OFF, PSA response rates 











Randomized Trials with PARP Inhibitors in mCRPC

• TALAPRO-2:  Talazoparib + Enzalutamide - 1st line mCRPC (HRRm, non-
HRRm)

• PROpel: Olaparib + Abiraterone - 1st line mCRPC (HRRm, non-HRRm)

• TRITON-3: Rucaparib vs Investigators Choice (Docetaxel or NHA) in HRRm 
after failure of one NHA









Randomized Trials with PARP Inhibitors in mCRPC

• TALAPRO-2:  Talazoparib + Enzalutamide - 1st line mCRPC (HRRm, non-
HRRm)

• PROpel: Olaparib + Abiraterone - 1st line mCRPC (HRRm, non-HRRm)

• TRITON-3: Rucaparib vs Investigators Choice (Docetaxel or NHA) in HRRm 
after failure of one NHA









Prostate cancer progression and 
treatment 

BRCA

●Denosumab



ErbB, AKT, AR cross-signaling in 
AR-expressing prostate cancer 
cells.



Fig 10. C4-2/∆AR cells, generated by AR gene knock out in C4-2 cells. A) Schematic 
representation of AR gene, canonical exons and cryptic exon3 (CE3); arrows show gRNA 
target sites. B) gRNA sequences. C) gRNAs used to knock out AR in C4-2 cells. D, E) AR 
knock out in C4-2/∆AR clone confirmed by DNA sequencing and western blot, respectively.



Fig 11.  Analysis of C4-2/∆AR clone. RNA expression data analyzed using TAC software. 
A) Volcano plot; 2003 genes differentially expressed between Wt and AR knock out clone. 
B) Venn diagram. 17 genes (passed Gene-Set filter) in common with the pre-defined 56 
gene panel. C) Heat map of the 17 genes in B. D) Western blot, protein expression of 
selected genes. 



Fig 17. PTEN knock out and PTEN + ARFL/ARV7 knockouts in 22RV1 cells. A) Schematic 
representation of PTEN gene. B) gRNAs p1, p2 used to knock out PTEN to generate clone 
22RV1/∆PTEN; gRNAs 1a, 2a (Fig 10B), and gRNAs p1, p2 used to knock out both 
ARFL/ARV7 and PTEN to generate clone 22RV1/∆AP2. C) Western blot confirmation of the 
respective knockouts. 


