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Managing Castration Resistant Prostate Cancer: 
Past, Present, Future

Kim N. Chi, MD FRCPC
Medical Oncologist, BC Cancer Agency
Associate Professor of Medicine, University of British Columbia

Agenda

• Defining the population
• Current management strategies
• Mechanisms of prostate cancer progression
• Future

– Circulating tumour cells
– Current clinical trials
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Defining the Population: 10 Years Ago

• Progressive disease after castration
– Older with co-morbidities 
– Bone marrow compromised from metastases 

and radiation 

Median OS: 12.3-12.6 months

Median TTP: 2.3-3.7 months

Kantoff, J Clin Oncol, 17:2506, 1999

B io c h e m ic a l C l in ic a l
M e ta s ta s e s

S y m p to m a t ic
M e ta s ta s e s

PSA Rise Death

12-18 Months
18-24 Months

24-36 Months

Defining the Population
• Serial rise in PSA with castrate level 

testosterone
– Heterogenous Group

• Biochemical 
• Clinical metastases

– Asymptomatic 

– Symptomatic
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Hormonal Therapy

2nd Line Hormonal Maneuvers: RCT

Fossa JCO 19:62 2001

• EORTC: Flutamide vs Prednisone
• N = 201, symptomatic patients

– PSA Response Rate:
• Prednisone: 21%
• Flutamide: 23%

– Palliative Response Rate
• Prednisone: 56%
• Flutamide: 45%
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2nd Line Hormonal Maneuvers: RCT

• CALGB: AAWD Alone vs AAWD plus Ketoconazole+HC
– PSA Response Rate

– Objective Response Rate

• Effect of corticosteroids alone?

AAWD Alone AAWD + Keto AAWD -> Keto 
(Crossover) 

11% 27% 30% 
 

 

AAWD Alone AAWD + Keto AAWD -> Keto 
(Crossover) 

5% 14% 17% 
 

 

Small, JCO 22: 1025, 2004

2nd Line Hormonal Maneuvers

• Many options:
– Initiate “maximum androgen blockade”

– Higher dose bicalutamide

– Corticosteroids

– Antiandrogen withdrawal 

– Ketoconazole and hydrocortisone

– Switching antiandrogens

– Estrogens

• Clinical Impact?
– Limited data

– Impact on survival has never been defined - are we changing 
natural history?

– But...
• Well tolerated
• Some very good biochemical and symptomatic responses
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HRPC
+ Bone Mets
- Narcotics

- Chemotherapy

Placebo

Zoledronate 
8/4 mg q3w
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Zoledronate 
4 mg q3w

Zoledronic Acid vs. Placebo in Prostate Cancer 
Patients with Hormone-refractory Metastatic Bone 

Lesions

Saad, JNCI, 94:1458, 2002

SRE 1o endpoint:
• Pathological fractures
• Spinal cord compression
• Radiation to bone
• Surgery to bone 
• Change of antineoplastic 

therapy for bone pain
• Hypercalcemia

Proportion of Patients Experiencing a Skeletal Related 
Events in 15 Month Study Period
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SRE Over Time

Adverse Events
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A Positive Trial
• Patient Benefit

– Pain Scale out of 10 - not a clinically 
significant difference

– Analgesics and quality of life not 
different

– Survival not different statistically

• Late toxicity
– Osteonecrosis of the jaw

• Cost effectiveness
– Number needed to treat = 1 in 9 
– An additional $59,000 for each man 

in whom an event is avoided

• Bone targeting in the future
– Earlier disease states 
– RANK-Ligand (Denosumab)

Reed, J Urology, 171:1537, 2004

Bisphosphonates in Earlier Disease: 
MRC PR04 and PR05

• Trials
– MRC PR04: 

• 508 M0 patients, Standard of care +/- Clodronate
– MRC PR05

• 311 M1 patients, Hormone therapy +/- Clodronate

• Methods
– OS was assessed in 471 & 278 men 
– England & Wales using data from National Health Service 

Information Centre with which these men were previously 
flagged. 

• Results:
– M1

• HR 0.77 (95%CI 0.60-0.98), P=0.03
• 8% absolute improvement in 8-year OS from 14% to 22%

– M0
• HR 1.12 (95%CI 0.89-1.42), P=0.33

Dearnaley, GU Cancers Symposium, 2009 
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Bisphosphonates in Earlier Disease: RCT

• CALGB 90202
– M1, castration sensitive
– Hormone therapy + Zoledronic acid vs.placebo
– Primary endpoint: Time to 1st SRE

• STAMPEDE
– Newly diagnosed high risk or metastatic
– 5 arm trial: Hormones +/- docetaxel, zoledronic acid, 

celecoxib or combinations 
– Primary endpoints: Failure free survival and overall 

survival

Bone Formation Bone Resorption

Stimulators:
FGF

PDGF

Prostate Cancer
Cell

Byproducts:
Calcium
Collagen telopeptides
PYD
DPD
Matrix metalloproteases
Cathepsin K

Byproducts:
Collagen propeptide

telopeptides  
BAP
OC

BSP

RANK-L

RANK

OB OC

Stimulators:
PTH
PTHrP
RANK-L

OPG = Osteoprotegerine RANK = Receptor Activator of NF� B
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N=1006N=1006

Stratification:

Pain level
PPI �  2  or AS �  10

vs.
PPI < 2  or AS < 10

KPS
� 70  vs.  �  80

Docetaxel 75 mg/m2 q3 wks + 
Prednisone 5 mg bid 

Mitoxantrone 12 mg/m2

q3 wks + 
Prednisone  5 mg bid

R
A
N
D
O
M
I
Z
E

Docetaxel 30 mg/m2 wkly 
5 of 6 wks +

Prednisone 5 mg bid

Randomized Comparison of Docetaxel + Prednisone with 
Mitoxantrone + Prednisone for Treatment of Patients with 

Advanced Hormone-Resistant Prostate cancer
TAX-327

Tannock, NEJM, 2004

Overall
Survival

Overall Survival
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Response Rates (%)
Docetaxel

3 Wkly

Docetaxel

Wkly

Mitoxantrone

Pain Response 35

p=0.01

31

p=0.07

22

PSA Response 45

p=0.005

48

p<0.001

32

QoL Response
(FACT-P)

22

p=0.009

23

p=0.005

13

Objective 
Response

12 8 7

Grade 3-4 
Hematologic Toxicity (%)

Docetaxel 3 wkly Docetaxel wkly Mitoxantrone

Treated (N) 332 330 335

Anemia 5.0 5.0 2.0

Neutropenia 32.0 1.5 22.0

Neutropenic 
Infection

3.0 0.0 0.9

Febrile 
Neutropenia

2.7 0.0 1.8

Septic Death 0.0 0.3 0.3
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Selected Non-hematological Toxicity (%)

Docetaxel
3 wkly

Docetaxel 
wkly

Mitoxantrone

Toxicity All 
Grades

3/4 All 
Grades

3/4 All 
Grades

3/4

Alopecia 65 NA 50 NA 13 NA

Fatigue 53 4.5 49 5.5 35 5.1

Nausea 41 2.7 36 2.4 36 1.5

Diarrhea 32 2.1 34 4.8 10 1.2

Neurosensory 30 1.8 24 0.9 7 0.3

Nail change 30 NA 37 NA 7 NA

Constipation 25 2.1 17 1.5 17 0.6

* NA = not applicable* NA = not applicable

Take Home Message (1)

• Limited treatment options for HRPC
– 2nd line hormone therapies

• Benefits on PSA – any other benefits?

• Good for patients with mild or no symptoms, chemo-ineligible, 
inexpensive

– Zoledronic acid
• Pros: benefit on number of SRE 

• Cons: no other benefits, long-term toxicity, cost-benefit, 
treatment duration? 

– Docetaxel
• Has benefits on OS and QOL

• Cons: acute toxicity can be severe, only 20-30% receive 
docetaxel
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What’s Next

• Prognostic and predictive factors
• Novel therapeutics

Prognostic Factors 

• Many identified:
– Performance status
– Visceral metastases
– PSA absolute value
– Pain
– Gleason score
– Anemia, LDH, Alk Phos, VEGF…

• Nomograms potentially 
helpful – being prospectively 
validated in current round of 
phase III clinical trials

���������	
�����
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Rising PSA in Non-Metastatic HRPC

Kaplan-Meier time to bone metastasis or death according to tertiles of prostate-specific antigen 
(PSA)and PSA doubling time (PSADT) 

Smith MR, et al. J Clin Oncol. 2005;23:2918-2925.

PSA DT, Prognosis and Chemotherapy
• Retrospective, single institution analysis: 202 

metastatic HRPC patients 
• Median PSA DT value was 44 days (range 5-1028 

days) 

PSA DT Median Survival

< 44 days 14.3 months (10.5-18)

�  44 days 25.6 months (16.3-34.9)

���������	����
�����
�	�����
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Circulating Tumour Cells 
Immunomagnetic Methods - Veridex CellSearch System

Ambient To, 72 hours

8,18,19

CTC and Prostate Cancer

• Assessing Disease Targets and Response
– Original prostate biopsy/prostatectomy

• Does not reflect the current state of castration resistant disease

– Bone metastases predominate
• Cannot assess response – paradoxical worsening can occur
• Difficult to access disease for characterization

– Measurable disease is uncommon
• Visceral metastases < 10%
• Nodal metastases in ~ 30% but tend to be < 2 cm and of 

questionable significance

– PSA
• Can have paradoxical changes in response to therapy
• Declines are not a surrogate for patient benefit
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Circulating Tumor Cells
Phase I/II Trial of Docetaxel + ABT-751

Pt ID: 01-024

Treatment Cycle
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Circulating Tumor Cells: 
Prognosis and Response
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Circulating Tumor Cells
TMPRSS2:ERG

normalnormal

normal

HSP-27

CK+/DAPI+/CD45-

HSP27+

Take Home Message (2)

• We have prognostic factors for HRPC
– Performance status 
– PSA doubling time
– Visceral metastases
– Low hemoglobin
– High LDH
– Circulating tumour cells?

• How to best use them is evolving
• Consider earlier intervention in a patients with 

poor prognostic factors
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Clinical Trials of Novel Agents
• Bone targeted

– RANK Ligand: Denosumab
– Src kinase: ZD0530

• First line docetaxel combinations
– High dose calcitriol: DN101
– Angiogenesis: Angiogenesis, 

VEGF-Trap
– Endothelin Receptor: Atrasentan, 

ZD4054
– Immunotherapy: GVAX
– Clusterin inhibitor: OGX-011
– IGF-1: CP-751,871, IMC-A12 
– Apoptosis: AT101
– HDAC inhibitor: LBH589
– HSP27 inhibitor: OGX-427
– Src kinase: dasatinib

• Pre-chemotherapy
– Endothelin Receptor antagonist: 

ZD4054
– Multi-targeted kinase inhibitors: 

sorafenib, pazopanib, AZD6474
– HSP27 inhibitor: OGX-427
– Immunotherpay: GVAX, 

Sipuleucel-T

• Second line therapy
– Satraplatin
– Clusterin inhibitor: OGX-011 + 

Docetaxel
– Anti-microtubule: Patupilone, 

XRP-6258
– Sunitinib
– Androgen pathway: Abiraterone 

(17-alpha hydroxylase inhibitor), 
MDV3100

Mechanisms of Progression After Castration
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Linja, M. J. et al. Cancer Res 2001;61:3550-3555

AR is Amplified and Overexpressed 

Increased Expression of AR and Hormone Resistance

Chen…Sawyers, Nat Med, 10: 33, 2004

Intact

Castrate

AR is required for hormone refractory progression
LNCaP (Red= AR+, Black = wt)

Increased AR turns antagonists to agonists

AR is necessary for HS to HR transition
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Clin Cancer Res, 15:39, 2009

Mohler, J. L. et al. Clin Cancer Res 2004;10:440-44 8

Tissue levels of AR and androgen in benign 
and recurrent prostate cancer (castrate) 
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Cancer Res, 68:4447, 2008

“Hormone Refractory” Patient
• 2001: 

– Gleason 9 adenocarcinoma prostate, PSA = 1,100. Treated with 
IAS

• 2004: 
– MAB with flutamide and bicalutamide

• 2005: 
– Progression and received 

• Corticosteroids
• Mitoxantrone
• docetaxel + GCSF

• Dec 2008: 
– Extensive lymphadenopathy with 10 cm supraclavicular mass
– Testosterone 13, PSA 6.9

• Jan 2009: 
– Testosterone <0.04, PSA <0.03
– significant reduction in mass.  
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Old is New: Abiraterone and Steroid Synthesis

H O

H O
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Pregnenolone Progesterone Corticosterone

17� -Hydroxypregnenolone 17� -Hydroxyprogesterone Cortisol

Dehydroepiandroserone Androstenedione Testosterone 5� -Dihydrotestosterone

P45017a

(17� -hydroxylase)

P45017a

(C17,20-lyase)

21 hydroxylase
��� b��������	
��

testosterone
5� -reductase

H O

P450SCC

Cholesterol

Aldosterone

COU-AA-BMA: Phase II pre/post-docetaxel

Prior Therapy
• Ketoconazole or/and DES - 17/24 (71%)
• Prior Chemotherapy – 19/24 (79%)
• �  2 Chemotherapies – 13/24 (54%)

PSA Decline Rate
• Durable �  50% PSA declines in 11/23 

(48%) median duration 6+ months 
• Durable �  90% PSA declines in 4/23 

(17%)

ECOG PS Improvement:  
• 10 (43%) had at least a one point 

improvement in their functional status.

100
50

0
-50

-100
P

S
A

  C
hange (%

)
25

Efstathiou et al, ASCO Annual Meeting 2008 Abstract #5017

Abiraterone acetate 1000mg and 
Prednisone 5 mg PO BID
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De Bono et al, ASCO Annual Meeting  Abstract 5005, 2008

COU-AA-003: Ph II post-docetaxel CRPC Study

Patient characteristics
• Median baseline PSA: 536
• Presence of bone mets:  27/34 pts

Prior docetaxel – 100%
• 55% (18/34) due to progression
• 45% (16/34) stopped for toxicity

Antitumor Response
• 20 pts with measurable disease at 

baseline by RECIST
• 5/20 (25%) confirmed 

radiological PR
• 10/20 stable disease at 3 

months
• 4/20 progressive disease
• 1/20 < 3 mths on study

PSA Response:

47% (16/34) pts � 50% decline

65% (22/34) pts � 30% decline

71% (24/34) pts had a PSA decline

Danila et al, ASCO Annual Meeting  Abstract 5019, 2008

COU-AA-004: Phase II post-docetaxel

Prior Hormonal Therapy
• LHRH analogues – 100%
• 1 Line – 2/38 (5%)
• 2 Lines – 6/38 (16%)
• 3 Lines – 8/38 (21%)
• 4 Lines – 8/38 (21%)
• > 4 Lines – 14/38 (37%)
• Ketoconazole – 14/38 (37%)

Prior Chemotherapy
• 68% (26/38) received 1 prior line of 

therapy (docetaxel)
• 32% (12/38) received a second line 

cytotoxic chemotherapy

PSA Rate Declines
• 40% (14/35) with PSA 50% decline

= No prior Ketoconazole                      = Prior Ketoconazole
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COU-AA-301:  Trial Design
Phase 3 Double-Blinded, Placebo-Controlled, 2:1 Ran domization

Abiraterone Acetate + Prednisone

Placebo 1000 mg PO daily; prednisone 5 mg bid

Placebo + Prednisone 

Abiraterone 1000 mg PO daily; prednisone 5 mg bid

85% power to show an OS benefit with a HR of .80 

Patients
With
Post-

Docetaxel
CRPC
N=1158

175 sites in NA, 
Europe and 

Australia
Stratification:
• Pain [BPI-SF worst pain over the past 24 hours: 0-3 vs 4-10
• ECOG PS [0-1 versus 2]
• # of prior chemo regimens [1 versus 2]
• Type of study entry progression [PSA vs. radiographic]

Take Home Message (3) 

• Hormone resistant cancer is not really 
hormone resistant, just castration resistant
– May be hormone hyper-sensitive!

• Continue LHRH agonist therapy
• Back to the future: new therapies will target 

the AR/AR axis
– Abiraterone
– MDV3100
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ZD4054 – a specific ETAR antagonist

ETAR ETBR

ET-1 ET-1

Metastasis
Disease progression

Angiogenesis
Osteoblast stimulation

Vasodilatation
Apoptosis

ZD4054 specifically blocks ET AR, with no detectable activity at ET BR

Morris CD et al. Br J Cancer 2005;92:2148–2152 

*Primary endpoint: Clinical progression (requiring surgery or radiotherapy), Pain requiring  opiates, Soft 
tissue metastases, Death in absence of progression. NOT PSA or BONE SCAN

**secondary endpoint (along with safety, prostate-s pecific antigen [PSA] progression); Study sized 
around alpha level of 0.2 for Phase II setting

Study design

Double-blind 
randomization

ZD4054 10 mgZD4054 10 mg
orally once daily orally once daily 

ZD4054 15 mgZD4054 15 mg
orally once dailyorally once daily

PlaceboPlacebo
orally once dailyorally once daily

HRPC patients with HRPC patients with 
bone metastases bone metastases 

who were who were 
asymptomatic or asymptomatic or 

mildly symptomatic mildly symptomatic 
for painfor pain

No prior No prior 
chemotherapychemotherapy

Progression*Progression*
Survival**Survival**
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Updated analysis
Progression-free survival
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ZD4054 15 mg versus placebo: HR 0.65 80%CI 0.49, 0. 86; P=0.052

ZD4054 10 mg versus placebo: HR 0.55 80%CI 0.41, 0. 73; P=0.008

Time to death (days)

ZD4054 15 mg
Placebo

ZD4054 10 mg
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ZD4054 Phase III Trial Programme

Study 15
ZD4054 vs placebo

Metastatic (M1) 
No symptoms

No Metastases (M0)
No Symptoms

Metastatic (M1) 
Symptomatic

No approved or proven 
therapies

Existing
Treatments:

Chemotherapy

Study 14
ZD4054 vs placebo

Study 33
ZD4054 + docetaxel vs 

docetaxel alone

Co-primary endpoints: 
PFS  and OS

N=1500
Primary endpoint: OS

N=1044
Primary endpoint: OS

N=580

Clusterin (TRPM-2, SGP-2, Hsp24)

• Transcription regulated by HSF-1 
• Heterodimeric glycoprotein highly conserved across species
• 2 secretory isoforms (sCLU) and 2 nuclear splice variants 

(nCLU)
• sCLU

– Cytoprotective chaperone protein with anti-apoptotic function 

– Inhibits activated Bax
– Increases NF-kB activity through I-kB degradation

• nCLU
– Pro-apoptotic
– Inhibits proliferation and motility

Michel Biochem J, 1997; Steinberg, Clin Cancer Res, 1997; Humphreys, JBC, 1999; Miyake, Can Res, 
2000; Miyake Clin Can Res, 2000; Zhang, Nat Cell Biol, 2005, Moretti, Can Res, 2007; Zoubeidi, 2008 
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Enhancing Apoptosis: Targeting Clusterin

• In Malignancy
– Expressed in kidney, bladder, ovary, lung, colorectal and breast 

cancers 

– Prostate Cancer
• Increased expression correlates with higher Gleason Grade 
• Increased expression after neoadjuvant hormone therapy 

– Overexpression in pre-clinical models confers resistance to hormone, 
chemo and radiation therapy

– Inhibiting clusterin expression (antisense, siRNA) increases sensitivity 
to hormone therapy, radiation therapy and chemotherapy

Steinberg, Clin Cancer Res, 1997; July, Prostate, 2002; Redondo, Am J Path, 2000; Miyake, Urology, 
2000; Parczyk, J Can Res Clin Oncol, 1994; July, Mol Can Thera, 2004; Miyake, Can Res, 2000; Miyake 
Clin Can Res, 2000; Zellweger, Clin Can Res, 2002

OGX-011: 2’methoxyethyl ASO to Clusterin

CLU Isoform 1
sCLU-1

CLU Isoform 2
sCLU-2

Nuclear splice variant 2
nCLU-v2 � II

Nuclear splice variant 1
nCLU-v1 � II

siRNA CLU ex1 

OGX-011 

OGX-011 
I II III IV

II
Spliced out

5’-UTR, v1
ATG ATGATG

5’-UTR, v2

V VI VII VIII

II III IVATGATG

I III IV
5’-UTR, v1

ATG ATG

5’-UTR, v2
III IVATG

Nuclear localization signalER-targeting signal

Nuclear localization signalER-targeting signal

Nuclear localization signal

Nuclear localization signal

II
Spliced out

IX
3’-UTR

V VI VII VIII IX
3’-UTR

V VI VII VIII IX
3’-UTR

V VI VII VIII IX
3’-UTR

60 kDa

55 kDa 

s-CLU

n-CLU

Vinculin
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Phase I Neoadjuvant Study Design
Determine phase II dose from toxicity and 
biologic activity on target and surrogate tissues

Objective:

Localized prostate cancer with high risk 
features (T3, PSA > 10, Gleason 7-10, or 
Gleason 6 with >3 positive biopsies)

Patients:

Treatment Schema:

 
Flutamide 

    Surgery 
Window 

 

 
Buserelin 
 

      

 
OGX-011 
 

      

 
Day 

 
1    3     5 

 
8 

 
15 

 
22 

 
29 

 
36 

 

Chi, JNCI 97:1287, 2005
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IND.165: Study Design

80 Patients
HRPC
PSA �  5
No prior chemo
ECOG 0-2

R
A
N
D
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Z
E

OGX-011 640 mg weekly
Docetaxel 75 mg/m2 IV q 3w
Prednisone 5 mg PO BID

Docetaxel 75 mg/m2 IV q 3w
Prednisone 5 mg PO BID

Primary Endpoint:
PSA Response

Correlative Studies:
Serum Clusterin

Chi et al, ASCO, 2007

OGX-011 + docetaxel Docetaxel

Number of Treatment Cycles 9 cycles 7 cycles

Early Discontinuation of Chemo 2.5% 26.8%

Progressive Measurable Disease 4% 17%

Stable Measurable Disease 77% 50%

PSA Decline > 50% 60% 59%

Primary PSA Progression 2.6% 12.5%

Randomized Phase II: Docetaxel +/- OGX-011 as 1st Line 
Therapy for Patients with CRPC

7.3 vs. 5.8 months

6.5 vs. 5.7 months
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Bothell, WA and Vancouver, BC– December 3, 2008. 
OncoGenex Pharmaceuticals, Inc. (NASDAQ: OGXI) 
today announced positive survival results from a 
randomized Phase 2 clinical trial of OGX-011 in 
combination with docetaxel and prednisone compared 
to docetaxel and prednisone alone (“the control arm”) 
for first line treatment of metastatic castrate resistant 
prostate cancer… The median survival was 27.5 months 
for the patients in the OGX-011 arm and 16.9 months 
for those in the control arm.

Take Home Messages

1. Standard therapy: 2nd-line hormones, zoledronic 
acid, docetaxel

2. Consider prognostic factors and earlier 
intervention

3. Hormone refractory is now castration resistant
4. Lots of promising rationally designed targeted 

therapies in clinical trials for every disease state
• Non-metastatic/metastatic minimally symptomatic
• Docetaxel combinations
• Progression after docetaxel
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