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Background: Androgen receptor (AR) signaling and incomplete inhibition of estrogen signaling may contribute to meta-
static breast cancer (MBC) resistance to a nonsteroidal aromatase inhibitor (NSAI; letrozole or anastrozole). We assessed
whether combined inhibition of androgen biosynthesis with abiraterone acetate plus prednisone and estradiol synthesis
with exemestane (E) may be of clinical benefit to postmenopausal patients with NSAI-pretreated estrogen receptor-
positive (ER+) MBC.
Patients and methods: Patients (N = 297) were stratified by the number of prior therapies for metastatic disease
(0–1 versus 2) and by prior NSAI use (adjuvant versus metastatic), and randomized (1 : 1 : 1) to receive oral once daily
1000 mg abiraterone acetate plus 5 mg prednisone (AA) versus AA with 25 mg E (AAE) versus 25 mg E alone (E). Each
treatment arm was well balanced with regard to the proportion of patients with AR-positive breast cancer. The primary
end point was progression-free survival (PFS). Secondary end points included overall survival, clinical benefit rate, duration
of response, and overall response rate.
Results: There was no significant difference in PFS with AA versus E (3.7 versus 3.7 months; hazard ratio [HR] = 1.1;
95% confidence interval [CI] 0.82–1.60; P = 0.437) or AAE versus E (4.5 versus 3.7 months; HR = 0.96; 95% CI 0.70–
1.32; P = 0.794). Increased serum progesterone concentrations were observed in both arms receiving AA, but not with E.
Grade 3 or 4 treatment-emergent adverse events associated with AA, including hypokalemia and hypertension, were less
common in patients in the E (2.0% and 2.9%, respectively) and AA arms (3.4% and 1.1%, respectively) than in the AAE
arm (5.8% for both).
Conclusions: Adding AA to E in NSAI-pretreated ER+ MBC patients did not improve PFS compared with treatment
with E. An AA-induced progesterone increase may have contributed to this lack of clinical activity.
ClinicalTrials.gov: NCT01381874.
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introduction
Approximately 75% of human breast cancers express the estrogen
receptor (ER). A substantial reduction in breast cancer mortality
has been reached with endocrine therapy, including nonsteroidal
aromatase inhibitors (NSAIs), which inhibit aromatization of
androgens and reduce tumor proliferation [1, 2]. Acquired resist-
ance after initial treatment frequently occurs, however, and is a
major obstacle in the clinical management of this population.
Active androgen receptor (AR) signaling may contribute to

metastatic breast cancer (MBC) resistance to NSAIs. The AR is
expressed in 50%–70% of all breast cancers and in ∼80%–90%
of ER+ breast cancers, indicating potential androgen responsive-
ness [3, 4]. Furthermore, AR overexpression has been demon-
strated in the development of tamoxifen resistance in an
ERα+ breast cancer in vitro and in xenograft models [5]. Other
studies have shown that androgens stimulate oncogenic human
epidermal growth factor receptor 2 and other signaling pathways
by transcriptional upregulation of AR-dependent genes [6]. Due
to a potential role of AR, novel anti-androgen signaling therap-
ies may offer new strategies for reversing NSAI resistance.
Improvement of survival outcomes by abiraterone acetate, the

prodrug of abiraterone, is attributed to its inhibition of persistent
adrenal, testicular and intratumoral androgen synthesis via cyto-
chrome P450 C17 (CYP17) in metastatic castration-resistant
prostate cancer [7, 8]. Since abiraterone-induced inhibition of
CYP17 decreases the synthesis of both androgens and estrogens,
abiraterone plus an NSAI may more adequately inhibit estrogen
synthesis in breast cancer patients than NSAIs alone. Antitumor
activity of abiraterone acetate has been observed in AR+ and ER+
breast cancer patients resistant to endocrine therapy in a phase
I/II trial in postmenopausal breast cancer patients with two or
more prior endocrine therapies. Abiraterone acetate reduced both
androgen and estradiol concentrations below the limits of detec-
tion following 1 month of treatment [9]. Seven of 32 ER+ patients
(22%) had stable disease for ≥24 weeks, with one patient having a
confirmed partial response lasting 13.8 months [9].
The objective of this study was to assess the efficacy and safety

of abiraterone acetate with or without exemestane (E) versus E
alone to support the hypothesis that combined inhibition of an-
drogen and estradiol biosynthesis may provide clinical benefit to
patients with NSAI-resistant ER+ postmenopausal breast cancer
with and without AR+ disease.

patients andmethods
BCA2001 (NCT01381874) was a phase II, randomized open-label trial con-
ducted in the United States, Europe and Korea. Patients were enrolled from
August 2011 to April 2013. The clinical cutoff was 20 September 2013.

patient population
Eligible patients included postmenopausal women aged ≥18 years with ER+
MBC sensitive to letrozole or anastrozole before disease progression (stable
disease or an objective response for ≥6 months in the metastatic setting, or
relapse free for ≥2 years in the adjuvant setting). Additional inclusion criteria
included ≤2 prior regimens in the metastatic setting (≤1 chemotherapy) and
an Eastern Cooperative Oncology Group performance status (ECOG PS) of
≤1. Patients were excluded if they had received prior exemestane, ketoconazole
(non-topical, ≥7 days), aminoglutethimide or a CYP17 inhibitor.

study design and treatments
Patients were stratified according to the number of prior therapies in the
metastatic setting (0 or 1 versus 2) and the setting of prior NSAI treatment
(adjuvant versus metastatic), and randomized (1 : 1 : 1) to receive 1000 mg
abiraterone acetate plus 5 mg prednisone (AA), AA with 25 mg exemestane

(AAE), or 25 mg exemestane alone (E) once daily in continuous 28-day
cycles.

The primary end point was progression-free survival (PFS), and second-
ary end points included overall survival (OS), overall response rate (ORR)
defined as complete response or partial response confirmed by next assess-
ment at least 28 days later, duration of response, clinical benefit rate (CBR)
defined with the same criteria as ORR but also including patients who had at
least 6 months of stable disease and blood hormone concentrations.

Clinical assessments were conducted at prespecified visits and included
safety evaluations for all patients who received at least one dose of study
drug. Patients continued study treatment until disease progression, un-
acceptable toxicity or death. Patients assigned to the E arm could be switched
to the AA arm at disease progression at the investigator’s discretion. Patients
were then followed every 3 months until death, loss to follow-up, consent
withdrawal or discontinuation of AA for this indication. Patients with no
disease progression over 12-treatment cycles were allowed to continue study
treatment at the investigator’s discretion. A planned interim analysis was
conducted when 110 PFS events (progression or death) in total were
observed. A data review committee monitored treatment efficacy and safety
during the trial. The review boards at all participating institutions approved
the study, and all patients gave written informed consent.

A central pathology review was planned and conducted for this analysis at
PhenoPath Labs (Seattle, WA, USA). Expression of ER (Thermo Fisher #RM-
9101-S; clone SP1), progesterone receptor (PR; Dako # M3569, clone PgR636)
and AR (Dako, #M3562, clone AR441) were assessed by immunohistochem-
ical staining of formalin-fixed paraffin-embedded tissues (FFPETs) collected
from patients at diagnosis. The percentage of positively staining cells, intensity
of staining (weak, moderate and strong) and presence of positive internal
controls were evaluated. A cutoff of ≥10% was used to define ER+ and PR+
disease for randomization. AR positivity was defined as ≥10% nuclear
staining.

Liquid chromatography coupled with tandem mass spectrometry
(Applied Biosystems/MDS Analytical Technologies, Foster City, CA, USA)
was used to determine testosterone, estradiol and estrone concentrations.

Progesterone concentrations were determined using a competitive binding
immunoenzymatic assay (Beckman Coulter Access Progesterone assay,
Beckman Coulter, Inc., Brea, CA) and the Dxi 800 instrument (Covance
Laboratories, Indianapolis, IN).

statistical analysis
Enrollment of ∼300 patients (100 per arm) was planned. A hazard ratio
(HR) of 0.65 (median PFS 6.2 and 4.0 months, respectively) was assumed for
each pairwise comparison (AA or AAE compared with E) with an 80%
power and two-sided alpha 0.10; ∼150 PFS events for each pairwise compari-
son were required.

Efficacy analyses were conducted on the intent-to-treat population (all
patients randomized) or patients having measurable disease at baseline. One
interim efficacy/futility analysis was implemented at ∼50% of the expected
PFS events. Time-to-event (PFS, OS, and duration of response) distribution
and median value were estimated using the Kaplan–Meier product–limit
method. Stratified Cox proportional hazards model was used to estimate the
pairwise HR, and the stratified log-rank test was used in the testing of the
treatment effect. ORR and CBR between each treatment pair were estimated
using χ2 test or Fisher’s exact test. No adjustment on the type I error rate was
planned for each of the pairwise comparisons.
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results

patients
Enrollment to the AA arm was discontinued after 89 patients
enrolled, as the data review committee determined that the pre-
specified futility conditions had been met. Baseline patient
demographics and disease characteristics were generally similar
among the treatment arms (N = 297), including prior NSAI for
MBC and prior chemotherapy in the adjuvant and/or metastatic
setting (Table 1). In total, 181 patients (61%) had a measurable
disease at baseline by Response Evaluation Criteria In Solid
Tumors and 230 patients (77%) were PR+. The proportion of
patients with de novo disease was slightly higher in the E arm

versus the AA and AAE arms (22.5%, 14.6% and 10.4%,
respectively).
FFPETs were collected at diagnosis from all treated patients

(N = 293). Of these patients, 227 (77%) had AR+ disease. The
percentages of patients with AR+ disease in the E, AA and AAE
arms were 76.5%, 79.3% and 76.9%, respectively.
At the clinical cutoff, most patients discontinued treatment

due to progressive disease: 72.5%, 80.5% and 75.0% of patients
in E, AA and AAE arms, respectively (Figure 1). Treatment was
ongoing at cutoff for 23 (E), 9 (AA) and 15 (AAE) patients. One
patient died in the E arm. Treatment duration among the three
arms was comparable, with a median exposure of 3.7 months.

efficacy outcomes
The median follow-up time for PFS was 11.4 months. Statistically
significant improvement in the primary end point of PFS was not
observed with AA versus E (3.7 versus 3.7 months, HR = 1.1; 95%
CI 0.82–1.60; P = 0.437) or AAE versus E (4.5 versus 3.7 months;
HR = 0.96; 95% CI 0.70–1.32; P = 0.794; Figure 2A). No difference
in PFS between the three arms was observed in the AR+ subpo-
pulation (data not shown). A sensitivity analysis was conducted
at different cutoffs for AR positivity. No significant differences in
PFS by the level of AR positivity were observed (data not shown).
PFS HRs observed in the PR− versus PR+ subgroups differed
between the AAE and E arms (HR = 0.545; 95% CI 0.295–1.007
versus HR = 1.138; 95% CI 0.781–1.658, respectively; Figure 2B).
No significant differences among treatment arms were noted

for the secondary end points. Median OS has not been reached
for any treatment arm. ORR was higher in the AAE arm versus
the E arm (12.1% versus 6.3%; P = 0.366). The median duration
of response for patients with a measurable disease at baseline for
AAE versus E was 6.9 and 6.5 months, respectively (P = 0.625).
The CBR was higher in the AAE arm (22.7%) versus the E arm
(12.7%) (P = 0.137).
Thirty-one patients crossed over to AA following progression

on E. The crossover was discontinued when enrollment to the
AA arm was discontinued. No patient, before or after crossover,
had a complete response, partial response or ≥6 months of
stable disease upon crossing over to AA.
As expected, a significant (P < 0.001) decrease in serum testos-

terone beginning at cycle 2 day 1 was observed for the AA arms
(Figure 3A). Reductions in estrone and estradiol were also observed
across all treatment arms (Figure 3B and C). Progesterone serum
concentrations were significantly (P < 0.001) increased above the
upper limit of normal physiological concentrations for postmeno-
pausal women at cycle 2 day 1 in all patients treated with AA but
not with E alone (Figure 3D).

safety
Treatment-emergent adverse events (TEAEs) occurred in 88
(86.3%), 80 (92.0%) and 93 (89.4%) patients in the E, AA and
AAE arms, respectively (Table 2). Twenty-two (25.3%) patients
in the AA arm and 34 (32.7%) patients in the AAE arm experi-
enced grade 3/4 TEAEs versus 23 (22.5%) patients observed in
the E arm. The majority of these TEAEs (≥89% in each arm)
were not study drug-related.
TEAEs leading to death were reported for 1 (1.0%) and

2 (1.9%) patients in the E and AAE arms, respectively, although

Table 1. Patient baseline demographics and disease characteristics
in the intent-to-treat population

E (N = 102) AA (N = 89) AAE (N = 106)

Age, median (range),
years

63 (41–81) 62 (42–83) 64 (37–87)

Race, n (%)
White 92 (90.2) 76 (85.4) 96 (90.6)
Asian 1 (1.0) 1 (1.1) 5 (4.7)
Black or African
American

0 0 0

Other 0 1 (1.1) 1 (0.9)
Not reported 9 (8.8) 11 (12.4) 4 (3.8)

ECOG PS, n (%)
0 48 (47.1) 52 (59.1) 43 (41.3)
1 54 (52.9) 36 (40.9) 61 (58.7)

PR receptor status, n (%)
Positive 78 (76.5) 73 (82.0) 79 (74.5)
Negative 24 (23.5) 16 (18.0) 27 (25.5)

Prior NSAI, n (%)
Adjuvant 36 (35.3) 32 (36.0) 38 (35.8)
Metastatic 66 (64.7) 57 (64.0) 68 (64.2)

Prior chemotherapy 67 (65.7) 59 (66.3) 74 (69.8)
Adjuvant 48 (47.1) 44 (49.4) 46 (43.4)
Metastatic 23 (22.5) 15 (16.9) 28 (26.4)

Measurable disease at
baseline, n (%)

63 (61.8) 52 (58.4) 66 (62.3)

De novoMBC, n (%)a 23 (22.5) 13 (14.6) 11 (10.4)
Metastasis-free

interval, median,
months (range)b

5.8 (0.7–24.6) 7.5 (0.3–33.9) 6.8 (0.27–27.3)

Site of metastasis, n (%)
Visceral 47 (46.1) 35 (39.3) 55 (52.4)
Bone 72 (70.6) 69 (77.5) 77 (73.3)

Bone only 24 (23.5) 30 (33.7) 24 (22.9)
Lymph nodes 49 (48.0) 35 (39.3) 40 (38.1)

aPatients with time from initial diagnosis of breast cancer to metastatic
disease ≤90 days.
bTime from initial diagnosis of breast cancer to metastatic disease (after
excluding patients with de novo disease).
AA, abiraterone acetate plus prednisone; AAE, abiraterone acetate plus
exemestane; E, exemestane; ECOG PS, Eastern Cooperative Oncology
Group performance status; NSAI, nonsteroidal aromatase inhibitor,
MBC, metastatic breast cancer; PR, progesterone receptor.
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none were considered study drug-related (Table 2). Treatment
discontinuation due to TEAEs occurred in 2 (2.0%), 4 (4.6%)
and 10 (9.6%) patients in the E, AA and AAE arms, respectively.
The only TEAEs leading to treatment discontinuation in more
than one patient in any arm were vomiting, aspartate amino-
transferase (AST) increase and dyspnea (two patients in the
AAE arm).
AA-associated TEAEs of special interest occurred in 42

(41.2%), 44 (50.6%) and 56 (53.8%) patients in the E, AA and
AAE arms, respectively (Table 2). One grade 4 hypokalemia was
observed in each of the AA and E arms. Grade 3/4 hepatic func-
tion abnormalities (i.e. AST and alanine aminotransferase in-
crease) occurred in 3.9% and 2.9% of patients in the E arm,
2.3% of patients in the AA arm, and 4.8% and 2.9% of patients
in the AAE arm.

discussion
We present the first randomized study evaluating the efficacy
and safety of the androgen biosynthesis inhibitor abiraterone
acetate in breast cancer patients. This study did not meet its
primary end point of a significant difference in PFS with AA or
AAE compared with E alone, but showed modest improvements
in secondary end points.
As this study aimed to determine whether AR-mediated signal-

ing plays an important role in NSAI resistance in AR+ disease,

it was designed to shows substantial magnitude of PFS benefit
between treatment arms. Despite limitations of this study, in-
cluding small sample size, statistical modeling based on these
trial results suggests that a significant improvement in clinical
outcomes would likely not be achieved with a larger trial.
Therefore, a phase III trial will not be pursued.
Although we demonstrated that abiraterone inhibits testoster-

one as well as estradiol and estrone synthesis (Figure 3), the lack
of superior efficacy of AAE may imply that AR signaling is not
an important driver of breast cancer growth following NSAI
therapy. At present, it has not been demonstrated that AR sig-
naling drives de novo or acquired resistance to endocrine
therapy [6], although some preclinical studies suggest that this is
true [5, 10].
The AA-induced increases in serum progesterone concentra-

tions observed in all patients may have attenuated any antitu-
mor activity due to androgen biosynthesis inhibition in this
study. AA-mediated inhibition of androgen biosynthesis may
lead to a subsequent diversion into the progesterone synthetic
pathway via adrenal dehydroepiandrosterone and pregnenolone
[11]. AA-induced elevated progesterone concentrations could
then provide a growth stimulus through the PR or through other
mechanisms [12–14].
In patients with ER+ breast cancer, the causes of NSAI resist-

ance are probably multifactorial, including differences in germ-
line pharmacogenomics and somatic changes in tumor biology.

Patients randomized to treatment
(n = 297)

Randomly assigned to E (n = 102)
Received E (n = 102)
Ongoing on E (n = 23)
Discontinued E (n = 79)

Reason for discontinuation, n (%)
•  Progressive disease, 74 (72.5)
•  Non-compliance with study 
   drug, 2 (2.0)
•  Adverse event, 1 (1.0)
•  Death, 1 (1.0)
•  Withdrawal of consent, 1 (1.0)

Analyzed for PFS, OS (n = 102)
Analyzed for ORR, CBR  (n = 63)
Duration of response (n = 4)
Analyzed for safety (n = 102)

Randomly assigned to AA (n = 89)
Received AA (n = 87)
Ongoing on AA (n = 9)
Discontinued AA (n = 78)

Reason for discontinuation, n (%)
•  Progressive disease, 70 (80.5)
•  Adverse event, 3 (3.4)
•  Withdrawal of consent, 3 (3.4)
•  Protocol violation, 1 (1.1)
•  Physician decision, 1 (1.1)

Analyzed for PFS, OS (n = 89)
Analyzed for ORR, CBR  (n = 52)
Duration of response (n = 3) 
Analyzed for safety (n = 87)

Randomly assigned to AAE (n = 106)
Received AAE (n = 104)
Ongoing on AAE (n = 15)
Discontinued AAE (n = 89)

Reason for discontinuation, n (%)
•  Progressive disease, 78 (75.0)
•  Adverse event, 5 (4.8)
•  Withdrawal of consent, 4 (3.8)
•  Physician decision, 1 (1.0)
•  Other, 1 (1.0)

Analyzed for PFS, OS (n = 106)
Analyzed for ORR, CBR  (n = 66)
Duration of response (n = 8)
Analyzed for safety (n = 104)

Figure 1. Patient enrollment and disposition CONSORT diagram. Percentages are calculated with the number of treated patients in each treatment arm as the
denominator. AA, abiraterone acetate; AAE, abiraterone acetate plus exemestane; CBR, clinical benefit rate; E, exemestane; ORR, overall response rate;
OS, overall survival; PFS, progression-free survival.
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In such cases, simple reduction in estrogen and androgen con-
centrations may be insufficient to overcome the acquired resist-
ance due to these mutations.

Although the safety analysis is limited by the small number of
patients in each treatment arm, the frequency and clinical pattern
of AEs, including those of special interest (e.g. hypertension, fluid

E

AA

AAE

All subjects ALL 4.47 3.68  0.972 0.706–1.339 82/106 75/102

No. of prior therapies 0 or 1 3.71 3.65  1.000 0.685–1.458 60/76 53/74

 2 6.51 5.26  0.826 0.450–1.515 22/30 22/28

Setting of prior treatment Adjuvant 4.73 3.68  0.852 0.491–1.479 26/38 26/36

 Metastatic 4.17 3.71  1.031 0.696–1.527 56/68 49/66

Baseline ECOG status 0 6.57 3.66  0.890 0.554–1.429 35/43 37/48

 1 3.75 3.71  1.046 0.677–1.617 47/61 38/54

No. of prior chemotherapies 0 3.71 3.71  1.137 0.789–1.638 63/78 57/79

 1 6.51 2.20  0.593 0.303–1.162 19/28 18/23

Age < Median 5.36 1.91  0.719 0.448–1.154 36/46 37/48

 ≥ Median 3.75 4.76  1.216 0.786–1.881 46/60 38/54

Region NA 5.45 1.87  1.001 0.353–2.840 8/8 7/9

 WE 3.71 3.60  0.971 0.655–1.440 54/67 51/61

 EE 6.51 5.55  0.974 0.482–1.970 16/26 16/31

 OTH 5.59 0.85  0.000 <0.001, NE 4/5 1/1

Site of metastatic disease Visceral 4.17 1.87  0.510 0.323–0.804 43/55 41/47

 Non-visceral 4.73 5.55  1.561 0.973–2.505 39/50 34/55

 Bone only 3.71 3.75  2.092 1.044–4.189 24/24 14/24

PR status Positive 4.17 3.75  1.138 0.781–1.658 61/79 52/78

 Negative 4.47 2.22  0.545 0.295–1.007 21/27 23/24

De novo MBC  Yes 6.01 3.55  0.678 0.303–1.519 9/11 19/23

 No 4.17 3.71  1.040 0.728–1.485 73/94 56/79

Variable Subgroup AAE E HR and 95% CI HR 95% CI AAE E

Favors AAE Favors E
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E 3.7 (1.9–5.3) – –
AA 3.7 (2.7–5.6) 1.1 (0.8–1.6) 0.44
AAE 4.5 (3.7–5.6) 0.96 (0.7–1.3) 0.80

Median, months
(95% CI) P value

HR
(95% CI)

0.1 0.5 1 2 4

Figure 2. Progression-free survival of the intent-to-treat population. AA, abiraterone acetate; AAE, abiraterone acetate plus exemestane; CI, confidence inter-
val; E, exemestane; ECOG, Eastern Cooperative Oncology Group; EE, Eastern Europe; HR, hazard ratio; MBC, metastatic breast cancer; NA, North America;
OTH, other; WE, Western Europe.
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retention and edema, hypokalemia; Table 2), are consistent with
the safety profile of AA in patients with metastatic castration-
resistant prostate cancer [7, 8].
In conclusion, we have shown that although abiraterone

inhibited androgen biosynthesis in postmenopausal patients
with ER+, AR+ NSAI-resistant MBC, elevated progesterone
concentrations induced by AA and/or the heterogeneous
mechanisms of resistance to NSAIs in this patient population
may explain the lack of superiority of the combination of an

NSAI and AA over E. It is possible that AAE is more effective in
patients with ER+ PR-negative disease; this hypothesis would
need prospective evaluation. These trial results do not exclude
the possibility of clinical benefit from AR-signaling disruption
in NSAI-resistant ER+ postmenopausal breast cancer as AA
demonstrated similar activity to E alone. Further studies of sur-
vival outcomes by AR status are ongoing. Additional biomarker
analyses are being conducted to potentially identify patient sub-
groups that manifest AA sensitivity or resistance and to evaluate
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Table 2. Treatment-emergent adverse events in the safety population

E (N = 102) AA (N = 87) AAE (N = 104)

No. of patients with TEAEs (%)a 88 (86.3) 80 (92.0) 93 (89.4)
Drug-relateda,b 50 (49.0) 51 (58.6) 64 (61.5)

Number of patients with grade 3–4 TEAEs (%) 21 (20.6) 22 (25.3) 34 (32.7)
Drug-relatedb 4 (3.9) 8 (9.2) 11 (10.6)

Number of patients with serious TEAEs (%)a 11 (10.8) 16 (18.4) 25 (24.0)
Drug-relateda,b 1 (1.0) 5 (5.7) 2 (1.9)

Number of patients with TEAEs leading to treatment discontinuation (%)a 6 (5.9) 4 (4.6) 10 (9.6)
Drug-relateda,b 4 (3.9) 2 (2.3) 5 (4.8)

Number of patients with TEAEs leading to death (%) 1 (1.0) 0 2 (1.9)
Drug-relatedb 0 0 0

Most frequent TEAEs, n (%)a,c Gr 1/2 Gr 3/4 Total Gr 1/2 Gr 3/4 Total Gr 1/2 Gr 3/4 Total
Fatigue 24 (24) 1 (1) 25 (25) 19 (22) 3 (3) 22 (25) 18 (17) 2 (2) 20 (19)
Nausea 18 (18) 0 18 (18) 18 (21) 2 (2) 20 (23) 20 (19) 0 20 (19)
Bone pain 16 (16) 1 (1) 18 (18) 9 (10) 2 (2) 11 (13) 13 (13) 0 13 (13)
Arthralgia 17 (17) 0 17 (17) 7 (8) 0 7 (8) 9 (9) 0 9 (9)
Hot flush 13 (13) 0 13 (13) 14 (16) 0 14 (16) 9 (9) 0 9 (9)
Back pain 10 (10) 1 (1) 12 (12) 14 (16) 2 (2) 16 (18) 17 (16) 0 17 (16)
Decreased appetite 10 (10) 0 10 (10) 13 (15) 0 13 (15) 15 (14) 2 (2) 17 (16)
Constipation 9 (9) 0 9 (9) 13 (15) 0 13 (15) 13 (13) 0 13 (13)
Vomiting 6 (6) 1 (1) 7 (7) 11 (13) 0 11 (13) 18 (17) 3 (3) 21 (20)
Hypokalemia 3 (3) 2 (2) 5 (5) 16 (18) 3 (3) 19 (22) 7 (7) 6 (6) 13 (13)

TEAEs of special interest, grade 3/4, n (%) Grade 3 Grade 4 Grade 3 Grade 4 Grade 3 Grade 4
AST increase 3 (3) 1 (1) 2 (2) 0 5 (5) 0
ALT increase 3 (3) 0 2 (2) 0 3 (3) 0
Hypertension 3 (3) 0 1 (1) 0 6 (6) 0
Cardiac disordersd 0 1 (1) 2 (2) 0 2 (2) 0

Hypokalemia 1 (1) 1 (1) 2 (2) 1 (1) 6 (6) 0
Fluid retention/edema 1 (1) 0 1 (1) 0 2 (2) 0

aAdverse events with toxicity grade 5 are not included.
bAdverse events with relationship to the study drugs (AAE and/or E) reported as possible, probable or very likely in each treatment arm are classified as drug-related adverse events.
cTEAE in at least 15% of patients in any treatment arm.
dArrhythmias and other cardiac disorders, including chest pain, left ventricular hypertrophy and sinus bradycardia.
AA, abiraterone acetate plus prednisone; AAE, abiraterone acetate plus exemestane; ALT, alanine aminotransferase; AST, aspartate aminotransferase; E, exemestane; Gr, grade; TEAE, treatment-emergent
adverse event.


|O

’S
haughnessy

etal.
Volum

e
27

|N
o.1

|January
2016

originalarticles
A
nnals

ofO
ncology



a potential association between AA-induced serum progesterone
elevation and PFS.

acknowledgements
Writing assistance was provided by Shala Thomas, PhD, of
PAREXEL, and was funded by Janssen Global Services, LLC.

funding
This work was supported by Janssen Research & Development.
No grant number is applicable.

disclosure
JO’S has received honoraria from Johnson & Johnson. MC has
served as a compensated consultant/advisor to and has received
honoraria from Novartis/Servier. DH has stock or other owner-
ship interests in InBiomotion, Inc. and MedImmune, Inc., and
has received research funding from Janssen Diagnostics. TWG,
PDP, JM, MKY, TK and WP are paid employees of Janssen and
have stock or other ownership interests in Johnson & Johnson.
EB, PN, IB, and SRJ have nothing to disclose.

references
1. Miller WR, Larionov AA. Understanding the mechanisms of aromatase inhibitor

resistance. Breast Cancer Res 2012; 14: 201.
2. Madeira M, Mattar A, Logullo AF et al. Estrogen receptor alpha/beta ratio and

estrogen receptor beta as predictors of endocrine therapy responsiveness-a
randomized neoadjuvant trial comparison between anastrozole and tamoxifen for
the treatment of postmenopausal breast cancer. BMC Cancer 2013; 13: 425.

3. Park S, Koo J, Park HS et al. Expression of androgen receptors in primary breast
cancer. Ann Oncol 2010; 21: 488–492.

4. Hu R, Dawood S, Holmes MD et al. Androgen receptor expression and breast
cancer survival in postmenopausal women. Clin Cancer Res 2011; 17:
1867–1874.

5. De AF, Thirugnansampanthan J, Cui Y et al. Androgen receptor overexpression
induces tamoxifen resistance in human breast cancer cells. Breast Cancer Res
Treat 2010; 121: 1–11.

6. Auchus ML, Auchus RJ. Human steroid biosynthesis for the oncologist. J Investig
Med 2012; 60: 495–503.

7. Rathkopf DE, Smith MR, de Bono JS et al. Updated interim efficacy analysis and
long-term safety of abiraterone acetate in metastatic castration-resistant prostate
cancer patients without prior chemotherapy (COU-AA-302). Eur Urol 2014; 66:
815–825.

8. Fizazi K, Scher HI, Molina A et al. Abiraterone acetate for treatment of metastatic
castration-resistant prostate cancer: final overall survival analysis of the COU-AA-
301 randomised, double-blind, placebo-controlled phase 3 study. Lancet Oncol
2012; 13: 983–992.

9. Ng CHM, Macpherson I, Rea D et al. Phase I/II study of abiraterone acetate (AA) in
estrogen receptor (ER) or androgen receptor (AR) positive metastatic breast cancer
(MBC). Presented at: European Society for Medical Oncology Congress,
September 28–October 2, Vienna, Austria, 2012.

10. Cochrane DR, Bernales S, Jacobsen BM et al. Role of the androgen receptor in
breast cancer and preclinical analysis of enzalutamide. Breast Cancer Res 2014;
16: R7.

11. Neunzig J, Bernhardt R. Dehydroepiandrosterone sulfate (DHEAS) stimulates the
first step in the biosynthesis of steroid hormones. PLoS One 2014; 9: e89727.

12. Grossmann ME, Huang H, Tindall DJ. Androgen receptor signaling in androgen-
refractory prostate cancer. J Natl Cancer Inst 2001; 93: 1687–1697.

13. Lange CA. Challenges to defining a role for progesterone in breast cancer. Steroids
2008; 73: 914–921.

14. Lange CA, Sartorius CA, Abdel-Hafiz H et al. Progesterone receptor action:
translating studies in breast cancer models to clinical insights. Adv Exp Med Biol
2008; 630: 94–111.

Volume 27 | No. 1 | January 2016 doi:10.1093/annonc/mdv487 | 

Annals of Oncology original articles



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


