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Abstract

Aim: The aim was to evaluate the efficacy and safety of abiraterone acetate plus prednisolone in

patients with chemotherapy-naïve early metastatic castration-resistant prostate cancer who failed

first-line androgen deprivation therapy.

Methods: Patients with early metastatic castration-resistant prostate cancer with confirmed

prostate-specific antigen progression within 1-year or prostate-specific antigen progression

without having normal prostate-specific antigen level (<4.0 ng/mL) during first-line androgen

deprivation therapy were enrolled and administered abiraterone acetate (1000 mg) plus pred-

nisolone (10 mg). A minimum of 48 patients were required according to Simon’s minimax design.

http://creativecommons.org/licenses/by/4.0/
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The primary endpoint was prostate-specific antigen response rate (≥50% prostate-specific antigen

decline by 12 weeks), secondary endpoints included prostate-specific antigen progression-free

survival and overall survival. Safety parameters were also assessed.

Results: For efficacy, 49/50 patients were evaluable. Median age was 73 (range: 55–86) years.

The median duration of initial androgen deprivation therapy was 32.4 (range: 13.4–84.1) weeks

and 48 patients experienced prostate-specific antigen progression within 1-year after initiation

of androgen deprivation therapy. prostate-specific antigen response rate was 55.1% (95% con-

fidence interval: 40.2%–69.3%), median prostate-specific antigen–progression-free survival was

24.1 weeks, and median overall survival was 102.9 weeks (95% confidence interval: 64.86 not

estimable [NE]). Most common adverse event was nasopharyngitis (15/50 patients, 30.0%). The

most common ≥grade 3 adverse event was alanine aminotransferase increased (6/50 patients,

12.0%).

Conclusions: Abiraterone acetate plus prednisolone demonstrated a high prostate-specific antigen

response rate of 55.1%, suggesting tumor growth still depends on androgen synthesis in patients

with early metastatic castration-resistant prostate cancer. However, prostate-specific antigen–
progression-free survival was shorter than that reported in previous studies. Considering the ben-

efit–risk profile, abiraterone acetate plus prednisolone would be a beneficial treatment option for

patients with chemotherapy-naive metastatic prostate cancer who show early castration resistance.

Key words: abiraterone acetate; chemotherapy-naive metastatic castration-resistant prostate cancer, prednisolone, prostate-
specific antigen

Introduction

Prostate cancer (PC) represents 7.1% of all new cancer cases and is
the fifth leading cause of cancer-related deaths in men globally (1).
According to the Cancer Statistics estimation in Japan, the number
of PC incidence was 86 100, the incidence rate was ranked third
among cancer in men in 2017, and the number of projected deaths
were 12 200 in 2016 (sixth-leading site for cancer-related mortality
in men) (2). For metastatic PC, castration is the standard-of-care for
disease control. However, tumor progression occurs in most patients
within a few years and the disease eventually progresses to metastatic
castration-resistant PC (mCRPC). For mCRPC, several treatments
were recommended including second-line hormonal therapy and
chemotherapy (3).

The Japanese clinical guidelines for PC (2012) recommended
antiandrogen therapy for the patients who previously responded to
initial androgen deprivation therapy (ADT) (4). In patients receiving
secondary hormonal therapy with conventional antiandrogen agents,
the prostate-specific antigen (PSA) response rate ranged 30–50%
[4–7]. In contrast, in patients with mCRPC with disease progression
within 12 months of initial ADT or who had progression without
achieving a normal PSA level (<4 ng/mL) during first-line ADT
therapy, the PSA response rate was reported to be only 10% to
14% (5–7). These data suggest that patients who achieved early
castration resistance to initial ADT are far more likely to exhibit
an insufficient PSA response to conventional secondary hormonal
therapy compared with others. Therefore, it was crucial to establish
an effective strategy for the treatment of patients with mCRPC
who responded insufficiently to initial ADT, however, no standard
treatment options exist for this patient population.

Abiraterone acetate (AA) (Zytiga®), a prodrug of abiraterone, is a
cytochrome P450 17 (CYP17) enzyme inhibitor that suppresses both
the adrenal androgens pathway and de novo intra-tumoral andro-
gen synthesis (8). In the COU-AA-302 study, treatment with AA
plus prednisone/prednisolone improved overall survival (OS) (9) in
patients with chemotherapy-naive mCRPC. The novel mechanism of

action of AA suggests that patients with mCRPC who insufficiently
responded to initial ADT could benefit with the AA plus prednisolone
(P) (henceforth AAP) as a secondary hormonal therapy. Thus, in the
current study, the efficacy and safety of AAP was investigated in
patients with chemotherapy-naive mCRPC who experienced early
onset of castration resistance (early mCRPC).

Methods

This was a single-arm, non-randomized, two-stage design, multi-
center (15 sites in Japan) study conducted in accordance with the
ethical principles that have their origin in the Declaration of Helsinki
and that are consistent with Good Clinical Practices and applicable
regulatory requirements. The Institutional Review Board reviewed
and approved the protocol, informed consent form and amendments.
All patients provided written informed consent before enrollment.
This study was registered at ClinicalTrials.gov (NCT02405858).

Patient population

The primary eligibility criteria were: men aged ≥20 years with histo-
logically or cytologically confirmed adenocarcinoma of the prostate
who had metastatic disease and were, surgically or medically cas-
trated, showed early castration resistance defined as PSA progression
within a year after the start of first-line combined androgen blockade
(CAB) therapy or who had PSA progression without having a normal
PSA level (<4.0 ng/mL) in the first-line ADT (PSA progression should
be confirmed by the Prostate Cancer Clinical Trials Working Group
2 criteria [PCWG2] criteria (10) after antiandrogen withdrawal),
no history of chemotherapy with an Eastern Cooperative Oncology
Group (ECOG) performance status score of 0–2, adequate hemato-
logic function and ≤2.5 × upper limit of normal serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT).

Patients with intolerance to ingredients of AAP or major medical
condition including brain metastasis or local prostatic intervention
within 4 weeks prior to AAP initiation were excluded.

ClinicalTrials.gov
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Treatment

Eligible patients were administered 1000 mg of AA orally (taken
either ≥2 h before a meal or 1 h after a meal) and 10 mg of P,
once a day. A 28 day-daily dosing cycle was continued until disease
progression or unacceptable toxicity was observed. All patients who
had not undergone orchiectomy were required to receive a luteinizing
hormone-releasing hormone agonist or antagonist throughout
the study to maintain castrate testosterone levels (<50 ng/dL
or <1.7 nM). Maximally, two dose level reductions were allowed
(one dose level was defined as 250 mg/day [one tablet of AA]) for
adverse event (AE) management. A dose of AA <500 mg/day was
not allowed and any dose increase was prohibited in this study.

Outcomes

The primary endpoint was the proportion of patients achieving PSA
response defined as the first occurrence of ≥50% PSA decline from
baseline to 12 weeks according to PCWG2 criteria confirmed by a
subsequent measurement at ≥4 weeks later.

Secondary endpoints included PSA-based progression-free sur-
vival (PSA–PFS), duration of PSA response, time to PSA response,
radiographic (RAD)-PFS, OS, maximal serum PSA decline evalua-
tion according to PCWG2 criteria and RAD-objective response rate
(RAD-ORR) in patients with measurable lesions at baseline using
response evaluation criteria in solid tumors (RECIST, version 1.1).

Safety evaluation were AEs, physical examinations, vital sign
measurements and clinical laboratory tests (hematology, serum
chemistry and liver function tests). AEs were collected from the start
of study treatment until 30 days after discontinuation of study drugs
with the causal relationship to study drugs. All AEs were evaluated
according to the Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0.

Statistical methods

The sample size was calculated according to Simon’s minimax design.
Assuming an expected PSA response rate of 35% (i.e. 20% > the
threshold response rate to 15% [5, 6]; of conventional antiandrogen
replacement therapy), minimally 48 patients were required for effi-
cacy analysis with α = 0.025 and 90% of statistical power. An interim
analysis was set for efficacy evaluation; if the number of responders
were ≤4 patients within the first 27 patients treated consecutively,
further patient enrollment would be discontinued.

Efficacy was evaluated with patients who received ≥1 treatment
with the study drugs and had any post-treatment PSA assessment
data (efficacy analysis set). Safety was evaluated with patients who
received ≥1 dose of study drugs (safety analysis set). All variables
were summarized using descriptive statistics with two-sided exact
95% confidence interval (CI). Kaplan–Meier product-limit method
was used to estimate the median time to event endpoints. All statis-
tical analyses were performed using SAS version 9.3 (SAS Institute
Inc., USA).

Results

Patient disposition, characteristics and treatment

exposure

Total 50 patients were enrolled from May 2015 to January 2017.
The median age was 73 (range: 55–86) years. At initial diagnosis,
the median PSA level was 433.35 (range: 7.36–13740.12 ng/mL)
and 90.0% of the patients showed ≥8 total Gleason Score and

Table 1. Demographics and baseline characteristics (safety analy-

sis set)

Characteristics n = 50

Age (years), median (range) 73 (55–86)
Body weight (kg), mean (SD) 65.52 (11.22)
Serum PSA a (ng/mL), median
(range)

433.35 (7.36–13740.12)

Total Gleason Score a

6 1 (2.0)
7 1 (2.0)
8 5 (10.0)
9 31 (62.0)
10 9 (18.0)
Unknown 3 (6.0)
Extent of disease b

Bone 44 (88.0)
Prostate mass 21 (42.0)
Lymph node 20 (40.0)
Bladder 4 (8.0)
Lungs 4 (8.0)
Seminal vesicles 2 (4.0)
ECOG performance status
Category, n
0 40
1 8
2 2
Previous prostate cancer therapy
Radiotherapy 2 (4)
Hormone
Bicalutamide 50 (100)
Orchiectomy 7 (14)
Duration of initial ADT (weeks),
median (range)

32.36 (13.40–84.10)

PSA progression after initiation of
ADT
≤52 weeks 48 (96.0)
>52 weeks 2 (4.0)

aAt initial diagnosis.
bMultiple count.
Values are presented as n (%) unless specified.
Abbreviations: ADT: androgen deprivation therapy; ECOG: Eastern Coop-
erative Oncology Group; n: number of patients; PSA: prostate-specific
antigen; SD: standard deviation.

score of 9 was most common (31 patients, 62.0%). The median
PSA levels before initiating AAP was 27.47 (range: 2.281–294.245)
ng/mL. The median duration of initial ADT was 32.4 (range: 13.4–
84.1) weeks and 48 patients experienced PSA progression within one
year after initiation of ADT (Table 1). All 50 patients received first
dose of study drugs, one patient was excluded because of consent
withdrawal before post-treatment PSA assessment. All 50 patients
were included in the safety analysis. The median cycles of treatment
were 8.86 (range: 0.5–27.9). The most common reason for treatment
discontinuation was physician’s decision (included requirements for
other anti-tumor therapy due to unequivocal clinical progression)
(22 patients, 44.0%), followed by progressive disease (15 patients,
30.0%). Of the 50 patients, 34 (68.0%) received subsequent ther-
apies; docetaxel (23 [46.0%]), enzalutamide (12 [24.0%]) AA (9
[18.0%]) and radiotherapy to bone. (8 [16.0%]) were the most
frequent.
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Figure 1. Waterfall plot: Maximum percent change of serum prostate-specific antigen (PSA) level from baseline (full analysis set).

Efficacy

Of the 49 patients, 27 achieved PSA response and the PSA response
rate was 55.1% (95% CI: 40.2%–69.3%) by week 12. The lower
limit of the two-sided 95% CI (40.2%) exceeded the predefined
threshold value of 15%. Figure 1 shows the waterfall plot of maximal
change of PSA from baseline, the median percent change in PSA level
from baseline was 61.9% (range: –100.0% to 146.0%). The median
time to PSA response was 28.5 (95% CI: 28.0–56.0) days and the
median duration of PSA response was 24.1 (95% CI: 12.0–64.0)
weeks in these 27 patients. The median PSA–PFS was 24.1 (95% CI:
16.14–28.29) weeks (Fig. 2A). The median RAD–PFS from the first
dose of study drug for 49 patients was 47.1 (95% CI: 35.00–95.00)
weeks (Fig. 2B).

Measurable lesions were present in 9 (18.37%) patients at base-
line and of these 9 patients, 1 patient each achieved CR and PR and
met the criteria for RAD–ORR, thus RAD–ORR was 22.2% (95%
CI: 2.8–60.0%). With the median follow-up period of 57.1 weeks,
the median OS from the first dose of study drugs was 102.9 weeks
(95% CI: 64.86 not estimable) (Fig. 2C).

Safety

AEs of worst severity that occurred in >5% of patients are pre-
sented in Table 2. The most common (in ≥10% patients) AE was
nasopharyngitis (15/50 patients, 30.0%), followed by ALT increased
(14/50 patients, 28.0%). The most common (in ≥10.0% patients)

grade 3 AEs were ALT increased (6/50 patients, 12.0%) followed
by AST increased and hyperglycemia. In AAP treatment group, of
the patients with grade 3 liver dysfunction, 1 patient needed dose
reductions and 4 patients needed interruptions due AEs. No dose
adjustment was performed as the one patient who developed grade
3 ALT increase displayed a transient elevation.

Serious AEs (SAEs) reported in this study were the atrial flutter,
hypercalcemia, cancer pain, chronic obstructive pulmonary disease,
bone marrow failure, gastric ulcer and lung malignant neoplasm (1
patient each, 2.0%). Of these SAEs, the causal relationship to either
of the study drugs was reported in atrial flutter, hypercalcemia and
gastric ulcer by investigators.

Discussion

This is a pioneering prospective study evaluating the efficacy and
safety of AAP treatment in patients with chemotherapy-naïve early
mCRPC. The PSA response rate after AAP was 55.1% treatment by
week 12, which was ≥40.2% than the predefined threshold set by
traditional antiandrogen alternating therapy.

Approximately 20% of patients with metastatic or recurrent PC
progressed within 1-year after the initiation of first-line ADT (11).
In this patient population, an insufficient PSA response to secondary
hormonal therapy and a shorter duration of response and OS has
been observed in a few retrospective studies (5, 6, 12). Prior to
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Figure 2. Kaplan–Meier plot (A) PSA-progression free survival, (B) radiographic-progression free survival and (C) overall survival (full analysis set).
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Table 2. Summary of adverse events (in >5% patients, safety analysis set)

Graded AEsa n = 50, n (%)

Grade 1 Grade 2 Grade 3 Total

Nasopharyngitis 14 (28.0) 1 (2.0) 0 15 (30.0)
Alanine aminotransferase increased 4 (8.0) 4 (8.0) 6 (12.0) 14 (28.0)
Aspartate aminotransferase increased 5 (10.0) 3 (6.0) 5 (10.0) 13 (26.0)
Alkaline phosphatase increased 6 (12.0) 1 (2.0) 3 (6.0) 10 (20.0)
Blood lactate dehydrogenase increased 9 (18.0) 0 0 9 (18.0)
Back pain 4 (8.0) 2 (4.0) 0 6 (12.0)
Hyperglycemia 1 (2.0) 0 5 (10.0) 6 (12.0)
Constipation 5 (10.0) 1 (2.0) 0 6 (12.0)
Malaise 5 (10.0) 0 0 5 (10.0)
Weight decreased 5 (10.0) 0 0 5 (10.0)
Vomiting 4 (8.0) 0 0 4 (8.0)
Gamma-glutamyl transferase increased 2 (4.0) 2 (4.0) 0 4 (8.0)
Diabetes mellitus 1 (2.0) 3 (6.0) 0 4 (8.0)
Hypertension 0 0 2 (4.0) 2 (4.0)
Abdominal pain upper 3 (6.0) 0 0 3 (6.0)
Diarrhea 1 (2.0) 1 (2.0) 1 (2.0) 3 (6.0)
Nausea 1 (2.0) 2 (4.0) 0 3 (6.0)
Osteonecrosis of jaw 2 (4.0) 1 (2.0) 0 3 (6.0)
Oedema peripheral 2 (4.0) 1 (2.0) 0 3 (6.0)
Pyrexia 3 (6.0) 0 0 3 (6.0)

aIn >5% patients. No grade 4/5 AEs were observed. Abbreviations: AEs: adverse events.

approval of docetaxel, some drugs including flutamide were
recommended to treat patients with PC in Japan; however, the
response was inadequate (7, 12). Later, docetaxel was approved
for patients with early mCRPC and PSA response rate of 50%
was reported in retrospective studies (13, 14). The maximal PSA
decline observed in the present study (61.9%), was comparable
with the COU-AA-302 study (62.0%) of AAP conducted in
similar settings (8). As AA is considered to block both the
adrenal androgens pathway and de novo intra-tumoral androgen
synthesis (8), observed PSA response rate in the present study
indicated that most of the patients with early CRPC still possess
androgen-dependence.

Despite satisfactory PSA response rate observed in the present
study, duration of response was shorter than that reported in the pre-
vious study (8). The median PSA–PFS and RAD–PFS were 5 months
shorter in the current study than reported in the COU-AA-302 study
(8). In an exploratory analysis of the COU-AA-302 study, longer
prior exposure to endocrine therapy impacted RAD–PFS of AAP
in patients with chemotherapy-naive mCRPC (15). Similar to this
study, shorter duration of efficacy was also reported in retrospective
studies including docetaxel and enzalutamide (12–14, 16). Thus, this
study confirmed that patients with early mCRPC are considered to
acquire relatively precocious drug resistance in comparison to the
patients with non-early mCRPC. Several mechanisms for acquisition
of CRPC have been proposed, however, an exact mechanism is still
not inferred (17). Therefore, it is difficult to attempt to improve
the outcome for these patients based on molecular biology consid-
erations. In this study, 90% of patients exhibited relatively higher
Gleason score of ≥8. Considering the subset analysis of COU-AA-
302 study, high Gleason score might be related to shorter duration
of efficacy of AA plus prednisolone/prednisone (18). Nevertheless,
one-quarter of patients were PSA-progression free in this study for

>1 year from the start of treatment. Therefore, further studies are
warranted to evaluate the predictive factors for the effectiveness of
AAP including the PSA response and PSA–PFS for patients with early
CRPC.

Safety profile of AAP in this study was comparable with the COU-
AA-302 study, except liver transaminase elevations (8). However,
the safety profile was consistent with the phase 2 study in Japanese
patients with mCRPC treated with AAP (19, 20). Since no new
safety signals were identified in the current study, AAP was tolerable
for this patient population as well. This open-label non-randomized
study has limitations inherent to the study design.

Presently, there is no consensus for the treatment of patients
with early mCRPC, as established data are not available for the
therapeutic strategies that might improve the OS of these patients (21,
22). Docetaxel is recommended for the treatment of patients with
early mCRPC based on the findings from retrospective studies using
docetaxel in this patient population (23); however, management of
AEs is critical due to its cytotoxic nature. Collectively, these findings
indicate that an alternative treatment option incorporating second-
line hormonal therapy, such as AAP, would be beneficial for these
patients.

Conclusion

In this study, AAP demonstrated a higher PSA response rate than
the predefined response rate. The result suggests that tumor growth
still depends on androgen synthesis even in patients who exhibit
early castration resistance. Although duration of effectiveness was
relatively shorter, considering the benefit–risk profile, AAP would be
one of the treatment options for patients with chemotherapy-naive
early mCRPC.
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