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Abstract

Background: In the COU-AA-302 study (NCT00887198), abiraterone acetate plus pred-
nisone (AAP) significantly improved outcomes in patients with metastatic castration-
resistant prostate cancer (mCRPC) versus prednisone alone. Baseline clinical parameters
predicting that treatment response could help inform clinical decisions were explored.
Objective: To identify patients who derive the greatest clinical benefit from AAP
treatment.
Design, setting, and participants: A total of 1088 mCRPC patients treated with either
AAP or prednisone in the first-line setting in COU-AA-302 were included in this post hoc
analysis.
Intervention: Abiraterone acetate1000 mg daily versus placebo, both plus prednisone
10 mg daily.
Outcome measurements and statistical analysis: Univariate and multivariable Cox
regression analyses were performed, including clinical and pathological parameters
for the primary end points overall survival (OS) and radiographic progression-free
survival (rPFS), and secondary study end points. Tumor-associated baseline parameters
independently impacting OS were applied to stratify patients according to possible
treatment effects.
Results and limitations: Baseline prostate-specific antigen (PSA), tumor-related pain as
assessedby the Brief Pain Inventory-Short Form (BPI-SF), andGleason score (GS) at primary
diagnosis were identified as tumor-associated variables that independently impacted OS.

roved outcomes versus prednisone in both group 1 (BPI-SF 0–1 and
S<8; p = 0.006; hazard ratio [HR]: 0.61) and group 2 (BPI-SF 2–3 and/
/or GS�8; p = 0.03; HR: 0.84). The differences observed for treatment
AAP significantly imp
PSA<80 ng/ml and G
or PSA�80 ng/ml and
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Conclusions: AAP significantly improved outcomes in mCRPC patients compared with
prednisone alone regardless of baseline pain and PSA level, and GS at primary diagnosis
with no significant differences between observed treatment effects in groups 1 and 2.
Patient summary: Treatment with abiraterone acetate and prednisone (compared with
treatment with prednisone only) for metastatic castration-resistant prostate cancer in-
creased survival in all patients in the study regardless of pain, prostate-specific antigen
levels at the start of treatment, and Gleason score at primary diagnosis.
© 2017 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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Fig. 1 – CONSORT study flow diagram. CONSORT = Consolidated
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1. Introduction

The therapeutic landscape in metastatic castration-resis-
tant prostate cancer (mCRPC) has expanded in recent years
with the introduction of several novel anticancer drugs
prolonging overall survival (OS), including the CYP17
inhibitor abiraterone acetate (AA), the androgen-receptor
antagonist enzalutamide, the radioisotope alpharadin (radi-
um-223), the taxane cabazitaxel, and the vaccine sipuleucel-
T (marketing authorization withdrawn in the European
Union) [1–3]. These treatment options exploit different
mechanisms of action; therefore, different biomarkers and
prognostic variables are most relevant to measuring and
predicting treatment response for different agents.

Independent predictors of OS previously identified
include, but are not limited to, tumor-associated markers
such as prostate-specific antigen (PSA) and Gleason score
(GS), bone turnover markers such as alkaline phosphatase
(ALP), patient-related factors such as cancer-related pain
and performance status, metastatic distribution (eg, pres-
ence or absence of visceral metastases), and laboratory
parameters, including hemoglobin, lactate dehydrogenase
(LDH), albumin, and neutrophil-to-lymphocyte ratio
[1,4]. Further research into predictors of patient response
to different treatments would benefit physicians, support-
ing evidence-based clinical decision making on initial
treatment selection and optimal sequential treatments [1].

AA in combination with prednisone (AAP) was initially
approved in 2011 for the treatment of mCRPC patients after
chemotherapy, and subsequently for the first-line treat-
ment of asymptomatic or mildly symptomatic chemother-
apy-naïve patients based on results from the pivotal phase
3 COU-AA-302 study (NCT00887198) [5,6]. In COU-AA-302,
AAP significantly improved median radiographic progres-
sion-free survival (rPFS) and median OS versus placebo plus
prednisone (PP) [6], and delayed clinical deterioration and
initiation of chemotherapy [5]. Similar survival benefit from
AAP was observed across several predefined patient
subgroups, regardless of baseline Eastern Cooperative
Oncology Group performance status(ECOG PS) (0 vs 1),
tumor-associated pain assessed by the Brief Pain Inventory-
Short Form (BPI-SF) score (0–1 vs 2–3), metastatic sites
(bone only or bone and other sites), age (<65, �65, or �75
yr), and PSA, LDH, and ALP levels [5,6].

More in-depth analysis of outcomes across patient sub-
groups may reveal differential treatment effects and point to
clinical characteristics with prognostic value in predicting
treatment response. Here, we report a post hoc analysis of
COU-AA-302 with patients stratified according to baseline
characteristics, with the aims of identifying patients deriving
the greatest clinical benefit from AAP treatment and describ-
ing prostate cancer–related parameters identified at initiation
of therapy to inform further clinical decisions.

2. Patients and methods

COU-AA-302 was a phase 3, double-blind, placebo-controlled, random-
ized clinical trial in which 1088 asymptomatic or mildly symptomatic
chemotherapy-naïve mCRPC patients received prednisone 5 mg twice
daily plus AA 1000 mg once daily or placebo (Fig. 1). Details of the study
design have been reported previously [5]. Patients had mCRPC after PSA
progression according to Prostate Cancer Clinical Trials Working Group
2 criteria [7] or radiographic progression under ongoing androgen-
deprivation therapy, serum testosterone levels<50 ng/dl, ECOG PS grade
0 or 1, no or mild tumor-related pain (BPI-SF scores of 0–1
[asymptomatic] or 2–3 [mildly symptomatic]), and hematological and
chemical laboratory values that met predefined criteria. Patients with
visceral metastases or those who had received previous ketoconazole
therapy lasting >7 d were excluded.

This stratification analysis utilized the final dataset from the COU-
AA-302 study. Median follow-up duration for patients alive at the end of
follow-up was 49.2 mo. As a first step, baseline demographic, clinical,
and laboratory parameters were analyzed for association with OS in the
overall study population using univariate and multivariable Cox
Standards of Reporting Trials; ITT = intention to treat.



Table 1 – Univariate and multivariable Cox regression analysis for the end point overall survival

Univariate analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Tumor-related pain (BPI-SF score 2–3 vs 0–1) 1.65 (1.40–1.94) <0.001 1.30 (1.10–1.53) 0.002
PSA, ng/ml (log) 1.27 (1.20–1.33) <0.001 1.16 (1.10–1.22) <0.001
ECOG PS 1 vs 0 1.36 (1.16–1.60) 0.002 1.17 (0.98–1.39) 0.08
Gleason score <8 vs �8 0.81 (0.71–0.94) 0.005 0.78 (0.68–0.91) 0.001
Hb, g/dl 0.82 (0.77–0.87) <0.001 0.92 (0.86–0.98) 0.006
LDH, IU/l (log) 4.54 (3.41–6.04) <0.001 2.37 (1.73–3.24) <0.001
ALP, IU/l (log) 1.82 (1.63–2.02) <0.001 1.34 (1.19–1.52) <0.001
Age, yr 1.02 (1.01–1.03) <0.001 1.01 (1.00–1.02) 0.007

ALP = alkaline phosphatase; BPI-SF = Brief Pain Inventory-Short Form; CI = confidence interval; ECOG PS = Eastern Cooperative Oncology Group performance
status; Hb = hemoglobin; HR = hazard ratio; LDH = lactate dehydrogenase; PSA = prostate-specific antigen.
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proportional hazard regression models. Age and hemoglobin were
modeled as continuous variables; PSA, LDH, and ALP were modeled as
continuous variables on a logarithmic scale, and pain score, ECOG PS, and
GS as categorical variables.

For parameters with an independent prognostic impact on OS in the
multivariable Cox regression analysis, those specifically associated with
prostate cancer were analyzed further to assess whether any differential
treatment effects across subgroups could be affirmed. The COU-AA-302
study population was then stratified into two groups based on a
combination of the identified factors. For continuous variables, the cutoff
points for assigning patients to group 1 or 2 were determined based on
values providing the greatest differentiation in hazard ratio (HR) for OS
between groups, to support the objective of identifying a subgroup of
patients deriving the greatest clinical benefit from AAP treatment. The
treatment effect of AAP versus PP was analyzed within each stratified
group. The end points OS, rPFS, time to chemotherapy use, time to opiate
use, and time on treatment were estimated using the Kaplan–Meier
method and analyzed by Cox proportional hazard regression.

3. Results

3.1. Univariate and multivariable analyses of OS

Univariate analysis identified several variables with a
significant association with OS (Table 1). Significance was
Table 2 – Baseline characteristics of patients in the overall study popu

Characteristic Overall cohort (n = 1088)

BPI-SF score 0–1, % 66
Median PSA, ng/ml
(IQR)

39.5
(IQR: 15.6–107)

Gleason score �8, % 48
ECOG PS 1, % 24
Median Hb, g/dl
(IQR)

13.1
(IQR: 12.2–13.8)

Median LDH, IU/l
(IQR)

185
(IQR: 163–214)

Median ALP, IU/l
(IQR)

91
(IQR: 69–136)

Median age, yr 70
(IQR: 64–77)

ALP = alkaline phosphatase; BPI-SF = Brief Pain Inventory-Short Form; ECOG PS =
IQR = interquartile range; LDH = lactate dehydrogenase; PSA = prostate-specific an
maintained on multivariable analysis for baseline BPI-SF
score, PSA, hemoglobin, LDH, ALP, age, and GS at primary
diagnosis (Table 1).

3.1.1. Stratified analysis

Of those parameters with a significant impact on OS on
multivariable analysis, parameters directly associatedwith
prostate cancer (ie, tumor-related pain/BPI-SF, PSA, and
GS) were selected for additional evaluation of potential
predictive relevance for the treatment efficacy of AAP.
Other parameters, including LDH, ALP, and hemoglobin,
had an independent impact on OS; however, as these are
not prostate cancer–specific markers with the potential to
change for reasons other than tumor progression, they
were not considered for additional evaluation and
stratification.

Pain, PSA, and GS were used to stratify patients into two
groups: group 1 patients were asymptomatic, reporting no
tumor-related pain (BPI-SF 0–1), PSA<80 ng/ml, and GS<8;
group 2 patients had mild pain (BPI-SF �2) and/or PSA �80
ng/ml and/or GS �8. The BPI-SF cut-off allowed patients to
be categorized into those with no and mild pain; the GS
cutoff categorizes patients with poorly differentiated versus
lation and in groups 1 and 2

Group 1 (n = 264) Group 2 (n = 824)

100 55
24.1
(IQR: 11.1–41.4)

58.5
(IQR: 18.6–145)

0 63
17 37
13.3
(IQR: 12.6–14)

13.0
(IQR: 12.1–13.7)

180
(IQR: 162–202)

187
(IQR: 164–218)

79
(IQR: 64–102)

97
(IQR: 72–151)

70
(IQR: 64–76.5)

71
(IQR: 64–77)

Eastern Cooperative Oncology Group performance status; Hb = hemoglobin;
tigen.
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Fig. 2 – Kaplan–Meier analysis of time-to-event end points with abiraterone acetate plus prednisone and prednisone: (A) overall survival; (B)
radiographic progression-free survival. (C) time to chemotherapy; and (D) time to opiate use. AA = abiraterone acetate; P = prednisone.
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well or moderately differentiated tumors. The cutoff of
80 ng/ml for PSA was selected due to the largest
differentiation of HR for OS between groups.

In total, 824 patients met the criteria for group 2, based
on higher levels/scores in at least one of the three
stratification parameters, while approximately one-quarter
were asymptomatic and had lower PSA levels and GS (group
1; n = 264). Patients in groups 1 and 2were evenly distributed
across treatment arms: in theAAParm (n = 546), 23% (n = 124)
and 77% (n = 422) of patients were in groups 1 and 2,
respectively; in the PP arm (n = 542), the proportions were
26% (n = 140) and 74% (n = 402), respectively. Baseline
characteristics for both groups are shown in Table 2.
In both groups, treatment with AAP significantly
prolonged median OS, rPFS, time to chemotherapy use,
time to opiate use, and treatment duration versus PP (Fig. 2
and Table 3). The median OS was 53.6 versus 41.8 mo (HR:
0.61; 95% confidence interval [CI], 0.43–0.87; p = 0.006) in
group 1 compared with 31.2 versus 28.4 mo (HR: 0.84; 95%
CI, 0.72–0.99; p = 0.03) in group 2. Respective results for
rPFS were 27.6 versus 11.1 mo (HR: 0.41; 95% CI, 0.30–0.57;
p < 0.001) comparedwith 13.7 versus 8.2mo (HR: 0.59; 95%
CI, 0.50–0.70; p < 0.001). Median time to chemotherapy
was 37.0 versus 24.3 mo (HR: 0.64; 95% CI, 0.46–0.89;
p = 0.007) in group 1 compared with 23.3 versus 14.5 mo
(HR: 0.71; 95% CI, 0.60–0.85; p < 0.001) in group 2. The



Table 3 – Analysis of time-to-event end points with abiraterone acetate plus prednisone and prednisone plus placebo within groups 1 and 2

Group 1 Group 2

AAP (n = 124) PP (n = 140) AAP (n = 422) PP (n = 402)

Overall survival
Median, mo (IQR) 53.6 (33.7–NR) 41.8 (23.4–53.6) 31.2 (19.4–50.4) 28.4 (17.9–41.9)
Number of events (n) 53 83 301 302
HR (95% CI) 0.61 (0.43–0.87) 0.84 (0.72–0.99)
p value 0.006 0.03

Radiographic PFS
Median, mo (IQR) 27.6 (13.6–NR) 11.1 (3.7–21.8) 13.7 (7.4–27.7) 8.2 (3.5–16.6)
Number of events (n) 65 99 267 265
HR (95% CI) 0.41 (0.30–0.57) 0.59 (0.50–0.70)
p value <0.001 <0.001

Time to chemotherapy use
Median, mo (IQR) 37.0 (18.3–54.7) 24.3 (11.7–NR) 23.3 (12.5–48.2) 14.5 (8–39.2)
Number of events (n) 65 82 256 264
HR (95% CI) 0.64 (0.46–0.89) 0.71 (0.60–0.85)
p value 0.007 < 0.001

Time to opiate use
Median, mo (IQR) NR (22.9–NR) 41.0 (18.2–NR) 30.5 (13.5–NR) 19.3 (10.6–46)
Number of events (n) 53 73 225 249
HR (95% CI) 0.69 (0.48–0.99) 0.70 (0.59–0.84)
p value 0.04 0.0001

Treatment duration
Median, mo 20.4 11.2 12.3 7.2
HR (95% CI) 0.41 (0.31–0.54) 0.54 (0.46–0.62)
p value <0.001 <0.001

AAP = abiraterone acetate + prednisone; CI = confidence interval; HR = hazard ratio; NR = not reached; PP = placebo + prednisone; PFS = progression-free
survival.
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interaction effects based on subgroup stratification by PSA,
pain, and GS were not significantly different (group 1:
p = 0.12; group 2: p = 0.74).

4. Discussion

This post hoc analysis of the COU-AA-302 study revealed
that both patient groups achieved significantly improved
outcomes with AAP versus PP, including improvements in
OS and rPFS as well as in secondary study end points,
regardless of pain and PSA levels at study entry and GS at
primary diagnosis. While OS, rPFS, and time to chemother-
apy and opiate use were longer in asymptomatic mCRPC
patients, defined as patients with lacking or very minimal
prostate cancer–related pain, PSA levels <80 ng/ml at the
start of treatment and a GS of <8 at primary diagnosis
compared with patients with higher PSA levels, pain at the
start of treatment, or a higher GS at primary diagnosis, no
statistically significant different treatment interactions
could be confirmed between both groups.

A prognostic index model developed in a previous
analysis of data fromCOU-AA-302 identified the presence of
more bone metastases (�10 vs <10), LDH or ALP levels
above the upper limit of normal, and a higher BPI-SF score
(2–3 vs 0–1) as risk factors for worse prognosis in this
patient population [8]. The current study results were
consistent with this prognostic index model in identifying
LDH, ALP, and tumor-related pain as having a significant
association with OS, as well as PSA, GS, hemoglobin, and
age. Since parameters such as LDH, ALP, and hemoglobin are
nonspecific and could change for reasons besides tumor
progression, we focused on tumor-related parameters to
stratify patients and identify predictors of treatment
response. This post hoc analysis was also consistent with
previous analyses of predefined subgroups [5,6] showing
that that AAP was effective across the spectrum of patients
participating in this trial.

While patients with lower levels of PSA and tumor-
related pain at the start of treatment and a lower GS at
primary diagnosis had enhanced OS, rPFS, and secondary end
points in comparisonwith thosewithhigher PSAorpain levels
or a higher GS, no significant difference was finally found in
treatment effects between both patient groups. Hence, based
on the results of this study, conclusions concerning treatment
decision making and timing of treatment initiation in routine
clinical practice cannot be drawn. Nonetheless, potential
benefits by initiation of first-line treatment at a time point
when pain and PSA elevation are limited to both delay the
requirement for chemotherapy and improve survival out-
comes are supported by the results of further studies and
analyses. For example, in the PREVAIL study investigating
enzalutamide in patients with chemotherapy-naïve mCRPC,
patients in the placebo arm had rapid progression with a
median 2.8 mo to PSA progression only [9].

The stratification parameters identified in the present
analysis may have varying degrees of value in determining
patient prognoses. Cancer-related pain has been reported to
be prognostic in mCRPC, independent of treatment, and
may indicate the presence of more advanced disease
[10,11]. There is also evidence that patient-reported
parameters such as cancer pain might be more reliable
than laboratory parameters for outcome prediction [12,13].
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PSA elevation has been shown in some studies to be
associated with worse outcomes when considered as an
independent prognostic marker [4,10,14]. As a predictive
indicator of treatment response, lower baseline PSA was
associated with better survival outcomes in trials of
sipuleucel-T [15] and AAP [16], but not enzalutamide
[17]. In a post hoc analysis of the COU-AA-302 study in
which patients were stratified into quartiles according to
baseline PSA, radiographic progression and mortality risk
decreased with decreasing baseline PSA, and the relative
benefit of AAP versus PP was greatest in patients with lower
baseline PSA [16]. Low baseline PSA also predicted long-
term treatment response to AAP as second-line treatment
after prior docetaxel treatment [18]. Similarly, patients in
the lowest quartile for baseline PSA derived greatest benefit
from sipuleucel-T treatment in the IMPACT study [15]. Ac-
cordingly, in a previous interim analysis of the COU-AA-302
trial, it has been shown that patients with low PSA values
and no tumor-related pain had a significantly better clinical
treatment effect than patients with advanced PSA and pain
levels [19]. In contrast, in the AFFIRM study evaluating the
efficacy of enzalutamide following docetaxel treatment,
analysis by baseline PSA quartile found that the treatment
effect on OSwas consistent regardless of baseline PSA levels
[17]. In mCRPC patients receiving enzalutamide as first-line
treatment in the PREVAIL study, subgroup analyses showed
no difference in survival outcomes for those with baseline
PSA above versus below the median [9].

PSA kinetics (eg, rate of doubling from baseline) [20] and
change in PSA during the first fewmonths of treatment [21]
may also be useful indicators of response to AAP;
monitoring these parameters following initiation of treat-
ment may help guide decisions on whether, or at which
point, switching to the next treatment is indicated. PSA
subforms (free PSA and pro-PSA, in addition to total PSA)
may also be useful indicators of early response to AAP [22].

GS may have reduced prognostic significance in mCRPC
compared with earlier disease, although a higher GS, which
might increase during the natural history of the disease, has
been associated with shorter OS [1,23]. There are, however,
several considerations when analyzing the predictive or
prognostic value of GS in clinical trials and routine clinical
practice in mCRPC patients. GS is regularly based on biopsy
taken at initial diagnosis or tissue from radical prostatec-
tomy; this may have been several years prior to study entry,
during which time histological changes, including develop-
ment to a higher GS, may have occurred such that the GS
does not reflect the true histology at the time of study
treatment initiation. Furthermore, it is well known that
there is a lack of concordance between biopsy GS and
definitive GS in tissue obtained in radical prostatectomy
[24]. In the COU-AA-302 study, half of the samples were
from biopsy and half from prostatectomy specimens.
Furthermore, the grading system for GS was amended in
2005; therefore, samples taken before 2005 (which applies
for some patients in the COU-AA-302 study) may be scored
differently from those taken more recently and graded
according to the International Society of Urological Pathol-
ogy modified Gleason grading system [25]. Considerable
inter- and intraobserver variation in the assessment of GS
has also been noted [26]. In a previously published analysis,
GS alone (<8 vs�8) also did not significantly predict benefit
from AAP versus PP [27]. In light of these analyses and
considerations, the use of initial diagnostic GS for clinical
decision making in mCRPC patients implies relevant
limitations and, hence, should not be a key consideration
when deciding whether to treat with AAP or not.

The present study is not devoid of limitations, including
its post hoc nature. However, it was performed in a
prospective randomized clinical trial patient cohort, apply-
ing predefined baseline and stratification factors for
additional analysis. As we could not confirm significantly
different treatment effects based on baseline characteris-
tics, further research is required to establish whether
mCRPC patients benefit from early initiation of AAP or other
compounds at a disease stagewhere they are asymptomatic
and have low PSA levels, and to determine roles of different
systemic treatment options in mCRPC patients.

5. Conclusions

This post hoc analysis of the COU-AA-302 study revealed
that all patients regardless of baseline characteristics
achieved significantly improved outcomes with AAP versus
PP. OS, rPFS, and time to chemotherapy and opiate use were
longer in asymptomatic mCRPC patients with PSA levels
<80 ng/ml at the start of treatment and a GS of <8 at
primary diagnosis compared with patients with advanced
PSA or pain levels or a GS of �8. Since there was no
significantly different treatment effect between both
groups, conclusions for clinical decision making cannot
be drawn yet. External validation in CRPC patient cohorts is
required to establish a potential clinical benefit of early
treatment initiation and determine roles of different
treatment options in mCRPC patients.

These results have been published in part at the
European Urology Association Congress, Munich, Germany,
11–15 March 2016; abstract 775.
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