
CUAJ • September-October 2014 • Volume 8, Issues 9-10
© 2014 Canadian Urological Association

Ravinder Clayton, MD;* Jackson Wu, MD;* Daniel Y. Heng, MD;* Scott A. North, MD;† 

Urban Emmenegger, MD;§ Sebastien Hotte, MD;¥ Kim Chi, MD;± Rob Zielinski, MD;± Humaid Al-Shamsi, MD;¥ 
Leo Chen, MD;± Bernhard Eigl, MD±

*Tom Baker Cancer Centre, Calgary, AB; †Cross Cancer Institute, Edmonton, AB; §Odette Cancer Centre, Toronto, ON; ¥Juravinski Cancer Centre, Hamilton, ON; ±BC Cancer Agency, Vancouver, BC

Cite as: Can Urol Assoc J 2014;8(9-10):e583-90. http://dx.doi.org/10.5489/cuaj.1891
Published online September 9, 2014.

Abstract

Introducton: The COU-AA-301 trial showed that abiraterone 
acetate (abiraterone), an oral cytochrome p450 CYP17 inhibi-
tor, improved survival for men with metastatic castration-resistant 
prostate cancer (mCRPC) progressing after docetaxel. To better 
understand the non-clinical trial experience with abiraterone, we 
undertook a multicentre retrospective analysis of Canadian mCRPC 
patients treated with abiraterone. 
Methods: Consecutive patients with mCRPC who received abi-
raterone post-docetaxel were identified using centralized pharmacy 
records. These patients came from 5 Canadian tertiary cancer cen-
tres. Patients who received abiraterone for approved indications 
were included. Demographics, prognostic factors, treatment out-
comes and adverse events were abstracted.  
Results: We included 187 patients who initiated abiraterone 
between January 2011 and June 2012. The median age at diagnosis 
and abiraterone start was 65 and 73 years, respectively. Seventy-
three (39%) patients had metastatic disease at diagnosis. The 
Eastern Cooperative Oncology Group (ECOG) performance status 
of 0, 1, 2 and 3 was noted in 17, 96, 39 and 8 patients, respectively. 
The median prostate-specific antigen (PSA) at abiraterone start was 
132, with a median PSA doubling time of 2.8 months. The median 
follow-up of patients still on active follow-up was 13 months. The 
proportion of patients achieving a ≥50% PSA reduction was 64/177 
(36%). PSA progression-free survival was 3.5 months (95% confi-
dence interval [CI], 3.0, 4.0).  Median overall survival from start 
of abiraterone was 11 months (95% CI, 8.0, 13) and 38 months 
(95% CI, 31, 41) from date of mCRPC. Anemia and fatigue were 
the most commonly reported adverse events.
Conclusions: This study carries the inherent limitations of a retro-
spective chart review. The outcomes in this series of men treated 
with abiraterone in a non-trial setting were expected, considering 
previous clinical trials. Our results, therefore, support the generaliz-
ability of the COU-AA-301 study results. 

Introduction 

Prostate cancer growth is fuelled by androgens; physiologi-
cal levels of androgens stimulate prostate cancer prolifera-
tion and inhibit apoptotic death.1 Androgen deprivation ther-
apy is first-line treatment for men with metastatic prostate 
cancer, but eventually the disease relapses due to growth 
of castration-resistant prostate cancer (CRPC). The develop-
ment of CRPC is multifactorial and results from the growth 
of prostate cancer cells that adapt to a hormone-deprived 
environment.2 This can be a consequence of a hypersensi-
tive phenotype of the androgen receptor, which is often 
compounded by an increase in extragonadal or de novo 
intratumoralandrogen production.3 Targeting pathways that 
deplete the source of additional androgens can alter the 
biology and clinical course of CRPC.2  

Abiraterone acetate (abiraterone) is a novel oral agent 
that specifically inhibits the activity of CYP17 (17-[alpha]-
hydroxylase/17, 20-lyase), a key enzyme required for bio-
synthesis of androgens in the adrenal glands and in tumour 
tissues.4-7 Abiraterone has undergone extensive clinical stud-
ies, which have established the drug as a safe and efficacious 
therapy for men with CRPC.8-13 A recent placebo-controlled 
phase III trial (COU-AA-301) demonstrated the efficacy of 
this agent in improving survival for patients with progress-
ing metastatic castration-resistant prostate cancer (mCRPC) 
after docetaxel therapy.14 In this study, the median overall 
survival for patients receiving abiraterone plus prednisone 
was 14.8 months, compared with 10.9 months in the pla-
cebo plus prednisone arm. Following the results of this trial, 
abiraterone was made available to clinicians on a special 
access program. It received FDA approval in April 2011, 
and Health Canada approval in February 2012.  

In this retrospective study, we evaluate the effects and 
tolerability of abiraterone outside the controlled setting of 
a clinical trial. We examined the use of abiraterone among 
non-clinical trial patients from 5 cancer centres across 3 
Canadian provinces. 

A multicentre analysis of abiraterone acetate in Canadian patients 
with metastatic castration-resistant prostate cancer 
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Methods 

Patients 

Research ethics board approval was obtained at each par-
ticipating centre. Using centralized pharmacy records for 
each centre, we identified consecutive patients with mCRPC 
who had received abiraterone post-docetaxel from 5 ter-
tiary cancer centres within 3 Canadian provinces. Patients 
who received abiraterone for approved indications or within 
expanded access programs were included, but those who 
participated in the COU-AA-301 trial were excluded. 
Patients were not excluded on the basis of any other fac-
tors. Men with mCRPC who initiated abiraterone between 
January 2011 and June 2012 were included in this analysis.

Data collection and outcomes of interest 

In total, 4 data abstractors were responsible for populating 
the database from the 5 tertiary cancer centres. Electronic 
medical records and paper charts were retrospectively 
reviewed. Baseline factors of interest were province of treat-
ment, metastatic disease at initial presentation of prostate 
cancer diagnosis (M0 vs. M1 at diagnosis), and prostate-
specific antigen (PSA) doubling time immediately prior to 
initiating abiraterone. The primary outcome of interest was 
overall survival from date of abiraterone start and from date 
of metastatic castration resistant prostate cancer diagnosis 
(mCRPC). The date of mCRPC was defined as the date when 
both of the following factors were met: (1) metastatic disease 
as documented by positive bone or computed tomography 
(CT) scan; and (2) first date of 3 sequential increases in the 
PSA level at a minimum of 1-week intervals, development 
of nodal or visceral lesions, or growth of measurable disease 
with serum testosterone <1.7 nmol/L. Secondary outcomes of 
interest were PSA response, disease progression and adverse 
events. PSA response was defined as a decrease in PSA value 
of ≤50% from pre-abiraterone PSA.15 PSA progression was 
defined as per COU-AA-301 study.14 PSA progression-free 
survival (PSA-PFS) was defined as the time from first dose 
of abiraterone to the first event of PSA progression or death. 
Radiological progression was defined according to the modi-
fied Response Evaluation Criteria in Solid Tumors (RECIST).16 
Clinical progression was determined by a physician based 
on clinical chart documentation of pain or symptom progres-
sion. Adverse events were collected from the patient chart 
and scored based on the National Cancer Institute Common 
Toxicity Criteria Version 3.0.  

Statistical analysis 

Patient characteristics were summarized descriptively by fre-
quencies and proportions for categorical variables, and mea-

sures of central tendencies for numeric variables, accord-
ing to treatment province. PSA doubling time (PSAdt) was 
calculated by determining the regression slope of the log 
(natural log) PSA against time based on 3 PSA measurements 
prior to abiraterone initiation. As the distribution of doubling 
times were highly skewed, with a median positive PSAdt of 
2.7 months, patients were further classified into 3 groups 
according to their PSAdt: (1) “long” (PSAdt ≥3 months); (2) 
“short” (PSAdt 0-3 months); and (3) “negative” (non-rising 
PSA). PSA progression-free survival (measured from the date 
of abiraterone start) and overall survival (death by any cause, 
measured from the date of mCRPC diagnosis or from the date 
of abiraterone start) were examined by the Kaplan-Meier 
method. Patients lost to follow-up were censored with the 
assumption of non-informative censoring. Point and inter-
val estimates were calculated by province and by present-
ing stage (metastatic [M1] vs. non-metastatic [M0]).  We 
speculated better survival for patients with longer PSAdt, 
and performed a statistical test (log-ranked) of survival dif-
ference across the 3 PSAdt groups. Statistical analyses were 
performed in SAS 9.2 (SAS Institute Inc., Cary, NC).

Results 

Baseline characteristics 

In total, 187 patients were included in this study (Table 
1). Notably, the median patient age at the time of abi-
raterone initiation was 73 years and the Eastern Cooperative 
Oncology Group (ECOG) performance status (PS) was 2 to 3 
in 30% of patients. Therefore, our non-clinical trial patient 
population was older and of poorer performance status than 
patients enrolled in the COU-AA-301 study (median age of 
69, 10% had ECOG PS 2 and no ECOG PS 3 patients were 
enrolled). Median follow-up was 21 months from the date 
of abiraterone start, with 35% (66/187) alive at the time of 
last review and 5% (9/187) were lost to follow-up.   

Variation in baseline characteristics across regions 

This series included 77 patients from Alberta, 51 from BC 
and 59 from Ontario. Patients initiating abiraterone were 
younger in Alberta than those in BC or Ontario. Only 31% 
of the patients from Ontario had metastatic disease at diag-
nosis; whereas in BC this number was 49%. BC patients 
appeared to have a worse performance status, with 41% 
with a ECOG ≥2. In contrast, 21% of the Alberta popula-
tion had an ECOG ≥2. The number of patients that received 
pre-abiraterone as second- or third-line chemotherapy was 
lowest in Alberta (21%), followed by Ontario (34%) and 
BC (35%).
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Survival 

Overall survival 

Median survival from the start of abiraterone was 11 months 
(95% confidence interval [CI], 8.0, 13) for this cohort (Fig. 1a). 

From the date of mCRPC diagnosis, the median survival was 
38 months (95% CI 31, 41) with no significant variability among 
regions (Fig. 1b). For the whole group of study patients with 
mCRPC, the presenting stage of disease (M0 vs. M1) did not 
have a strong association with survival (M0 median 34 months, 
95% CI 26, 41; M1 median 38 months, 95% CI 33, 58). 

Table 1. Patient characteristics at time of cancer diagnosis and treatment with abiraterone

Overall Alberta BC Ontario

No. patients 187 77 51 59

Age 
Median age at diagnosis 65 62 66 67

Median age at metastases 70 68 69 72

Median age at abiraterone start 73 70 72 75

Initial presentation

M1 at cancer diagnosis (% within centre) 73 (40%) 30 (41%) 25 (49%) 18 (31%)

Gleason score
≤6 15 (8.0%)* 4 6 5

7 62 (33%) 30 14 18

8 17 (9.0%) 6 5 6

9-10 65 (34%) 18 20 27

Missing 28 (15%) 19 6 3

Risk category
Low 10 (5.3%) 5 2 3

Intermediate 39 (21%) 18 10 11

High 64 (35%) 23 15 26

Metastatic 71 (38%) 30 22 19

Unknown 3 (1.4%) 1 2 0

Extent of metastatic disease pre-abiraterone
Bone only 109 (58%) 50 37 22

Lymph nodes only 33 (18%) 12 5 16

Bone and lymph nodes 19 (10%) 9 6 4

Bone ± lymph nodes + at least one of 
liver or viscera

3 (1.6%) 1 2 0

Viscera, lung ± lymph nodes 4 (2.1%) 2 1 1

Missing 19 (10%) 3 0 16

ECOG pre-abiraterone
0-1 113 (71%) 60 20 33

2 39 (24%) 13 11 15

3 8   (5%) 3 3 2

missing 27 2 17 9

Chemotherapy pre-abiraterone
Received first line 187 (100%) 77 51 59

Received second line 47 (25%) 15 16 16

Received third line 7 (4%) 1 2 4

PSA pre-abiraterone
Median PSA 132 103 125 160

Median positive PSA doubling time (n = 159) 2.8 months 2.9 2.7 3.0

PSA doubling time not available n = 6 n = 4 n = 1 n = 1

Proportion of cases with shorter doubling time 
0-3 months

75/181 (41%) 31/73 (42%) 26/50 (52%) 27/58 (47%)

Proportion of cases with longer doubling time ≥3 months 84/181 (46%) 30/73 (41%) 20/50 (40%) 25/58 (43%)

Proportion of cases with negative doubling time (non-rising PSA) 22/181 (12%) 12/73 (16%) 4/50 (8%) 6/58 (10%)
BC: British Columbia; ECOG: Eastern Cooperative Oncology Group; PSA: prostate-specific antigen.
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Overall survival by pre-abiraterone PSA doubling time 

Patients with a negative PSAdt (non-rising PSA before abi-
raterone) had the longest median survival of 18 months (95% 
CI 9.6, upper limit not reached). In patients with longer 
versus shorter PSAdt (great or less than 3 months), we did 
not see substantial differences, with median survival of 11 
months (95% CI 8.2, 13) and 7.9 months (95% CI 6.1, 12), 
respectively (Fig. 2).  The test of equality across strata was 
not significant (log-rank p = 0.081).

PSA response and disease progression 

We found that 177 patients had at least 1 post-abiraterone 
PSA recorded.  The median duration of abiraterone use was 
4.5 months (range: 0.3-36 months). Figure 3 illustrates the 
best PSA response seen after the initiation of abiraterone.  We 
found that 36% (64/177) of patients achieved a PSA response 
(>50% decline in PSA, Prostate Cancer Working Group 2). 
As for PSA progression, 74% (131/177) fit the criteria. The 
median PSA progression-free survival in this cohort was 
3.5 months (95% CI 3.0, 4.0) (Fig. 4). A clinical follow-up 
was documented post-abiraterone in 148 patients, in whom 
65% (96/148) had recognized clinical disease progression. 
Radiological investigations (a bone scan or CT scan) were 

done in 137 patients following the start of abiraterone; 40% 
(55/137) of them had documented radiological progression.

Adverse events 

The most common adverse event overall was anemia, 
which occurred in 21% of patients (Table 2). Other com-
mon adverse reactions included peripheral edema (20%), 
fatigue (19%) and nausea (16%). Grade 3 or 4 adverse events 
were rarely observed in this group of patients.

Discussion 

To our knowledge this represents the largest documented 
series of men treated with abiraterone in a non-investigation-
al setting. The PSA response rate of 36% compares favour-
ably to the 29% rate seen in COU-AA-301 and underlines 
the biochemical effectiveness of this therapy. Other end-
points, including overall survival, PSA progression-free sur-
vival and time on abiraterone were somewhat inferior to 
clinical trials results, but still within reasonable expectations 
given the likely performance status inequity between our 
population and the COU-301 cohort. Our observed median 
overall survival of 11 months reflects the use of an active 
agent outside of a clinical trial setting, where patient char-

Fig 1a. Overall survival. Median 11 months (95% confidence interval 8.0, 13) from abiraterone initiation.
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acteristics differ and the timing of commencing abiraterone 
would have been more varied. In addition, supplementary 
therapies may have been instituted which could have led 
to a delay in abiraterone start. PSAdt prior to abiraterone 
did not strongly affect survival, though patients with non-
rising PSA tended to live longer. However, this observation 
is from an exploratory analysis of our limited retrospective 
data. The rate and severity of documented adverse events 
were congruent with those seen in studies, although the 
certainty with which this can be ascertained in a retrospec-
tive study is low. 

As new systemic agents are demonstrating efficacies in 
improving survival outcomes in mCRPC,17-21 a renewed 
understanding of the natural (treated) history of this condi-
tion is needed to help evaluate expected disease behaviour 
and treatment outcomes. Using the diagnosis of mCRPC as 
a starting point seems clinically reasonable, but estimates 
of survival from diagnosis of mCRPC in contemporary pros-
tate cancer treatment cohorts are difficult to ascertain in 
the literature. Although the TAX-327 study with docetaxel 
reported a median survival of 19 months for mCRPC,22 that 
figure is likely to be an underestimation of survival from the 
date of mCRPC. We observed a 38-month median overall 
survival after diagnosis of mCRPC among abiraterone-treated 
patients. This is similar to the 32.6-month median overall 

survival observed in patients on the COU-AA-301 study 
when calculated from the time of first-line chemotherapy 
initiation. While our data represent the best survival estimate 
based on current prostate cancer management in Canada, it 
is subject to variability and clinical judgment as the point of 
diagnosis of mCRPC is highly dependent upon the frequency 
and timing of investigations. 

Our study carries the inherent limitations of retrospec-
tive chart reviews, as the rigor of diagnoses and outcome 
documentation were not protocol-prescribed, and the reli-
ability of our estimates are challenged by missing data, 
ascertainment bias and attribution bias. Only patients placed 
on abiraterone were included, who were well enough to 
have received at least first-line docetaxel, and the resul-
tant survival estimates might not be representative of all 
men diagnosed with mCRPC. As this study was conducted 
shortly after the completion of the registration trial and dur-
ing a period of special access, there could be factors that 
affected the case-mix of patients included in this study, with 
resultant baseline characteristics and outcomes that could 
be different from patients entered on clinical trials. The use 
of therapies in addition to systemic chemotherapy was not 
collected among the patient characteristics and may have 
altered the survival estimates. We obtained clinical data 
primarily from cancer centres through which abiraterone 

Fig 1b. Overall survival. Median 38 months (95% confidence interval 31, 41) from date of metastatic castration resistant prostate 
cancer.
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Fig 2. Overall survival stratified by pre-abiraterone prostate-specific antigen doubling time (PSAdt). PSAdt >3 months (long dt) 
median survival 11 months (95% confidence interval [CI] 8.2, 13); PSAdt <3 months (short dt) median survival 7.8 months (95% CI 6.1, 
13); negative PSAdt (negdt) median survival 18 months (95% CI 9.6, upper limit not reached). 

Fig 3. Best prostate-specific antigen (PSA) response seen after initiation of abiraterone acetate. The first 3 patients have a PSA response 
rate outside the shown scale of, +2216%, +1233% and +1002%.
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was studied in clinical trials, which may limit the generaliz-
ability of our estimates to other clinical practices. We also 
censored patients who were lost to follow-up (where vital 
status was unknown when patients failed to return to cancer 
centre for follow-up), and the non-informative censoring 
assumption for survival estimates might not be valid given 
patients generally had advanced disease.

Conclusion 

These data demonstrate the initial non-clinical trial experi-
ence with abiraterone in men with mCRPC who have pre-
viously received docetaxel. Abiraterone has recently also 
demonstrated its utility in the chemo-naïve mCRPC popula-
tion,23 and several other agents have recently demonstrated 
improved outcomes for patients with mCRPC.17-21 The future 
challenge will be determining the optimal patient selection, 
treatment timing and sequencing of these agents that are 
now in our therapeutic armamentarium. 

Fig. 4. Prostate-specific antigen progression-free survival. Median 3.5 months (95% confidence interval 3.0, 4.0) from abiraterone initiation.

Table 2. Reported adverse events

All grades, no. (%) Grade 3 or 4
Anemia 39 (21) 1 (<1)

Peripheral edema 37 (20) 0

Fatigue 36 (19) 1 (<1)

Nausea 30 (16) 0

Dyspnea 23 (12) 1 (<1)

Neutropenia 22 (12) 2 (1)

Hypertension 21 (11) 2 (1)

Hypokalemia 19 (10) 3 (2)

Hypercholesterolemia 13 (7) 0

ALT elevation 12 (6) 1 (<1)

AST elevation 11 (6) 0

Constipation 10 (5) 0

Diarrhea 9 (5) 0

Emesis 9 (5) 0

Thrombocyopenia 2 (1) 0
ALT: alanine aminotransferase; AST: aspartate aminotransferase.
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