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Abstract

Objective To examine the antitumor activity of zoledronic
acid (ZA) combined with androgen deprivation therapy
(ADT) for men with treatment-naive prostate cancer and
bone metastasis.

Methods We enrolled 227 men with treatment-naive
prostate cancer and bone metastasis. Participants were
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randomly assigned (1:1 ratio) to receive combined andro-
gen blockade alone (CAB group) or ZA with combined
androgen blockade (CZ group). Time to treatment failure
(TTTF), time to the first skeletal-related event (TTfSRE),
and overall survival (OS) rates were estimated using the
Kaplan—-Meier method. Hazard ratios (HRs) were calcu-
lated using the Cox proportional hazards model. Median
follow-up duration was 41.5 months.

Results Median TTTFs were 12.4 and 9.7 months for the
CZ and CAB groups, respectively (HR 0.75; 95 % CI
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0.57-1.00; p = 0.051). For men with baseline prostate-
specific antigen levels <200 ng/mL, median TTTFs were
23.7 and 9.8 months for the CZ and CAB groups, respec-
tively (HR 0.58; 95 % CI 0.35-0.93; p = 0.023). Median
TTfSREs were 64.7 and 45.9 months for the CZ and
CAB groups, respectively (HR 0.58; 95 % CI 0.38-0.88;
p = 0.009). OS was similar between the groups.

Conclusions This study failed to demonstrate that com-
bined use of ZA and ADT significantly prolonged TTTF
in men with treatment-naive prostate cancer and bone
metastasis. However, it generates a new hypothesis that the
combined therapy could delay the development of castra-
tion resistance in a subgroup of patients with low baseline
prostate-specific antigen values <200 ng/mL. The treatment
also significantly prolonged TTfSRE but did not affect OS.

Keywords Antitumor activity - Castration sensitive -
Primary androgen deprivation - Prostate cancer -
Zoledronic acid

Introduction

Direct and indirect antitumor activities of zoledronic acid
(ZA), such as induction of cancer cell apoptosis, activa-
tion of gamma-delta T cells, and inhibition of angiogenesis,
have been demonstrated in vitro and in preclinical settings
[1, 2]. ZA also has a clinically proven effect of preventing
skeletal complications [3-5].

Moreover, there is clinical evidence of antitumor activity
of ZA in the early stages of solid cancers. Three large phase
3 trials have suggested that adjuvant ZA could improve the
disease-free survival of patients with early stage breast can-
cer and a post-menopausal or low-estrogen status [6-8]. Sev-
eral studies have been conducted to test the antitumor effects
of bisphosphonates in patients with non-metastatic [9] or
castration-sensitive metastatic [10—12] prostate cancers.

Considering the expected antitumor effects of ZA in
the early stages of solid cancer, we hypothesized that early
treatment combining ZA and androgen deprivation therapy
(ADT) could delay the development of castration resist-
ance and improve survival in patients with metastatic cas-
tration-sensitive prostate cancer (CSPC). Accordingly, we
conducted a phase Il multicenter, randomized, controlled
study to compare the antitumor efficacy and safety of two
types of treatment—combined ZA and CAB therapy and
CAB-only therapy—in patients with treatment-naive pros-
tate cancer and bone metastasis.
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Patients and methods
Study design and participants

The ZAPCA trial is a randomized, open-label, phase
III trial of patients with treatment-naive prostate cancer
and bone metastasis at 45 institutions in Japan. Eligi-
ble patients were men aged at least 20 years with histo-
logically confirmed adenocarcinoma of the prostate, at
least one bone metastasis detected by bone scan, Eastern
Cooperative Oncology Group performance status <2,
and a baseline prostate-specific antigen (PSA) concen-
tration of >30 ng/mL. Patients with histories of prior
local curative therapy, prior ADT for >2 weeks, chemo-
therapy, or bisphosphonate treatment were not eligible.
Key exclusion criteria were other active malignancies,
active dental disorders, infections, uncontrollable car-
diovascular disorder or hypertension, and current steroid
treatment.

The ZAPCA trial was conducted in accordance with the
principles of the Declaration of Helsinki and Good Clinical
Practice guidelines and was approved by the institutional
review board at each participating institution listed in the
Notes. All patients provided written informed consent. The
ZAPCA trial is registered with ClinicalTrials.gov, number
NCT00685646.

Procedures

Patients were randomly assigned (1:1 ratio) to receive
CAB alone (CAB group) or intravenous ZA combined
with CAB (CZ group). Computer-based randomization
was conducted at the Translational Research Informatics
Center (TRI; Kobe, Japan) with stratification according
to the treatment institution, baseline PSA concentration
(<200 or =200 ng/mL), baseline extent of disease (EOD)
grade [13] (<2 or >3), and biopsy Gleason score (<7 or
>8). We determined 200 ng/mL as a stratifying value of
PSA in reference to median or mean baseline PSA values
in the SWOGS8894 trial [14] or a Japanese randomized
study [15]. The system automatically evaluated the eligi-
bility of each patient and randomly assigned participants
to each group.

In both groups, patients received 80 mg of bicalutamide
orally once a day and a subcutaneous injection of lutein-
izing hormone-releasing hormone (LH—RH) agonist (3.75
or 11.25 mg of leuprolide acetate, or 3.6 or 10.8 mg of
goserelin acetate, every 4 or 12 weeks, respectively). Sur-
gical castration was allowed if patients experienced any
problems with the LH-RH agonist. In the CZ group, ZA
treatment was initiated 4 weeks after the first LH-RH ago-
nist injection. ZA was administered intravenously every
4 weeks for up to 2 years. Doses of ZA were 4, 3.5, and
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3.0 mg for patients with creatinine clearances of >60,
50-60, and 30-49 mL/min, respectively. When patients
experienced impairment of renal functions in spite of dose
reduction, the protocol treatment was cancelled and ZA had
to be stopped. Patients in the CZ group were instructed to
undergo dental monitoring at each institution and to use
calcium and vitamin D supplements. Interruption of ZA
was allowed when patients needed any dental treatment
during the study period.

Patients continued their assigned treatment until disease
progression, which was defined as PSA or clinical pro-
gression, the appearance of adverse events, or withdrawal
of informed consent by the patient. PSA progression was
defined as three consecutive increases (>0.1 ng/mL) in PSA
from the lowest level, and was measured at 4-week inter-
vals. The date of PSA progression was defined as the day
of the first increase. Clinical progression was defined as an
increase of at least 20 % in the sum of the longest diam-
eters of the target lesions, the appearance of one or more
new lesions, a clear progression of non-target lesions, or the
appearance of two or more new bone metastases by bone
scan. Clinical progression was also determined if the con-
dition of a patient was worsening due to prostate cancer.
The protocol did not mandate the type of secondary treat-
ment after cessation or completion of the assigned treat-
ment. Patients in the CAB group were not prohibited from
receiving ZA after cessation or completion of the assigned
treatment.

Serum PSA was measured at least every 12 weeks, and
if PSA progression was suspected, at least every 4 weeks.
Bone scans were obtained before patient registration and
yearly thereafter for up to 3 years. We defined a skeletal-
related event (SRE) as a pathologic fracture, spinal cord
compression, palliative irradiation of the bone, bone sur-
gery, or change in anticancer therapy due to bone pain.
Collected data were sent to the TRI data center using web-
based case report forms and managed by data managers at
the TRI center.

Study endpoints

The primary endpoint was the time to treatment failure
(TTTF), defined as the interval between the date of rand-
omization and the earliest date of PSA progression, clini-
cal progression, first SRE, death for any reason, or ces-
sation of protocol treatment for any reason. Secondary
endpoint was the time to the first SRE (TTfSRE), defined
as the interval between the date of randomization and the
earliest date of the first SRE or death for any reason, and
OS, defined as the interval between the date of randomi-
zation and death for any reason. Adverse events (AEs)
were graded using the Common Terminology Criteria for
Adverse Events, version 3.
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Sample size

The sample size was calculated assuming that a control
group response rate would be 30 % after 4 years [16], and
the effect size to be observed was the response rate of 50 %
[i.e., hazard ratio (HR) of 0.58]. The significant level and
power were set to 0.05 and 80 %, respectively, and the reg-
istration and follow-up periods were both 3 years. The cal-
culation indicated that 89 patients per group were required
[17], and we decided to enroll 100 patients for each group
to allow for possible drop-outs.

Statistical analyses

The Kaplan—Meier method was used to estimate TTTEF,
TTESRE, and OS. A two-sided P value of <0.05 was con-
sidered statistically significant. HRs were estimated using
the Cox proportional hazards model. All statistical analy-
ses were performed using SAS version 9.3 software (SAS
Institute Inc., Cary, NC, USA).

Results

Between May 2008 and December 2010, 227 patients
were randomly assigned to one of two treatment groups.
Eight patients did not obtain evaluable efficacy data and
were excluded from the full analysis set (FAS)—three
were found to be ineligible, two in the CZ group did not
receive ZA, and three in the CZ group did not receive any
treatment since the beginning of the study. Therefore, 110
patients in the CAB group and 109 in the CZ group were
included in the FAS (Fig. 1). All 224 patients who received
at least one dose of LH-RH agonist were included in the
Safety Assessment Set (SAS).

The baseline characteristics of 219 patients in the FAS
were well balanced between the treatment groups (Table 1).
More than 80 % of patients in both groups had Gleason
scores of 8—10. Nearly two-thirds of the patients had PSA
values of >200 ng/mL. Median PSA values were 375.2 and
328.0 ng/mL in the CAB and CZ groups, respectively. No
statistically significant differences were observed between
the groups for any of the variables.

The median follow-up duration was 41.5 months. There
were 192 TTTF events—139 PSA progressions (75 in the
CAB group vs 64 in the CZ group), 9 clinical progressions
(4 in the CAB group vs 5 in the CZ group), 7 SREs (4 in
the CAB group vs 3 in the CZ group), 3 deaths in the CZ
group, and 34 cessations of protocol treatment (15 in the
CAB group vs 19 in the CZ group). The median TTTF
was 9.7 months [95 % confidence interval (CI) 8.9-12.6]
for the CAB group and 12.4 months (95 % CI 10.6-16.6)
for the CZ group (HR 0.75; 95 % CI 0.57-1.00; log rank
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Registered and randomly assigned
(n=227)

l

Allocated to CAB group
(n=112)

Allocated to CZ group

SAS in CAB group
(n=112)

Received allocated intervention
(n=112)

(n=115)
Received no treatment at all
after entry (n = 3)
SAS set in CZ group
(n=112)
Received no ZA at all
after entry (n = 2)

Received allocated intervention
(n=110)

Ineligible due to prior ADT
over 2 weeks before entry (n = 2)

Diagnosis of bladder cancer
afterentry (n=1)

FAS in CAB group

FAS in CZ group

(n=110)
I

Discontinued intervention (n = 86)

+ PSA progression (n=154)
+ Clinical progression (n=0)
» Adverse events (n=2)
» Worsening co-morbidities (n=2)
+ Inability to continue for any reasons (n=12)
+ Patient’s wish (n=2)
+ Patient’s withdrawal of consent (n=3)
+ Start ZA (n=4)
+ Death (n=1)
+ Others (n=86)

(n=109)
I

Discontinued intervention (n = 79)

« PSA progression (n=47)
« Clinical progression (n=1)
« Adverse events (n=1)
» Worsening co-morbidities (n=1)
+ Inability to continue for any reasons (n=11)
< Patient’s wish (n=0)
« Patient’s withdrawal of consent (n=1)
« Stop ZA (n=86)
* Death (n=5)
« Others (n=6)

Fig. 1 Trial profile. CAB combined androgen blockade, CZ CAB combined with zoledronic acid (ZA), SAS safety analysis set for safety assess-
ments, FAS full analysis set for efficacy analyses, PSA prostate-specific antigen, ADT androgen deprivation therapy

Table 1 Baseline
characteristics

Total (N = 219) median CAB group (N = 110)

CZ group (N = 109) p

(range)/number (%) median (range)/number median (range)/number
(%) (%)

Age (years) 72.0 (50, 89) 71.5 (50, 87) 73.0 (51, 89) 0.194%

BMI 22.4 (14.0,34.1) 22.0 (16.3,29.6) 22.7 (14.0, 34.1) 0.318°

Gleason score
<7 39 (17.8 %) 18 (16.4 %) 21 (19.3 %) 0.575°
>8 180 (82.2 %) 92 (83.6 %) 88 (80.7 %)

PSA (ng/mL) 371.0 (30, 16,600) 375.2 (31, 16,600) 328.0 (30, 13,100) 0.329*
<200 79 (36.1 %) 39 (35.5 %) 40 (36.7 %) 0.848°
>200 140 (63.9 %) 71 (64.5 %) 69 (63.3 %)

EOD grade
<2 156 (71.2 %) 78 (70.9 %) 78 (71.6 %) 0.915°
>3 63 (28.8 %) 32 (29.1 %) 31 (28.4 %)

ECOG-PS
0 151 (68.9 %) 77 (70.0 %) 74 (67.9 %) 0.694°
1 58 (26.5 %) 27 (24.5 %) 31 (28.4 %)

2 10 (4.6 %) 6 (5.5 %) 4 (3.7 %)

CAB combined androgen blockade, CZ CAB combined with zoledronic acid (ZA), BMI body mass index,
PSA prostate-specific antigen, EOD extent of disease, ECOG-PS Eastern Cooperative Oncology Group

performance status
% Wilcoxon rank sum test

b Chi-squared test
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Fig. 2 Kaplan—Meier plots of the time to treatment failure for full analysis set (a) and for patients with baseline PSA <200 ng/mL (b). CAB
combined androgen blockade, CZ CAB combined with zoledronic acid (ZA), PSA prostate-specific antigen
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Fig. 3 Kaplan—Meier plots of the time to first skeletal-related event (a) and overall survival (b). CAB combined androgen blockade, CZ CAB

combined with zoledronic acid

p = 0.051; Fig. 2a). In a subgroup analysis based on pre-
specified stratification factors, the difference in TTTF
between the CAB group (9.8 months; 95 % CI 6.6-17.0)
and the CZ group (23.7 months; 95 % CI 15.3-31.3)
was significant only in patients with baseline PSA val-
ues <200 ng/mL (HR 0.58; 95 % CI 0.35-0.93; log rank
p = 0.023; Fig. 2b). However, subgroup analyses for PSA
>200 ng/mL, EOD grade (<2 or >3), and Gleason score
(<7 or =8) did not show improvements after CZ treatment
similar to those observed for TTTF (Fig. S1).

There were 92 TTfSRE events—41 SREs (29 in the
CAB group vs 12 in the CZ group) and 51 deaths without
SREs (26 in the CAB group vs 25 in the CZ group). CZ
treatment significantly prolonged TTfSRE by 18.8 months
in comparison with CAB treatment (HR 0.58; 95 % CI
0.38-0.88; log rank p = 0.009; Fig. 3a). The median TTf-
SRE values were 45.9 and 64.7 months for the CAB (95 %
CI 34.1-55.0) and CZ groups (95 % CI 48.5 to not yet
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estimable), respectively. There were 75 deaths until the
last follow-up, including 53 deaths from prostate cancer
(29 in the CAB group vs 24 in the CZ group). The median
OS was 60.2 months for the CAB group (95 % CI 20.5 to
not yet estimable) and not yet estimable for the CZ group
(Fig. 3b). The difference in OS between the groups was
not statistically significant (HR 0.78; 95 % CI 0.49-1.23;
log rank p = 0.28). In subgroup analyses based on pre-
specified stratification factors, CZ treatment significantly
prolonged TTfSRE in patients with baseline EOD grade
<2 (HR 0.48; 95 % CI 0.27-0.83; log rank p = 0.0076;
Fig. 4a) and in patients with Gleason scores >8 (HR 0.52;
95 % CI 0.33-0.82; log rank p = 0.004; Fig. 4b). However,
it did not prolong OS in any subgroup of patients (Fig. S2
and Fig. S3).

AEs of grade >3 are summarized in Table 2. The fre-
quencies of these AEs were 25.9 and 33.0 % for the CAB
and CZ groups (p = 0.30), respectively. Two patients in
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Fig. 4 Kaplan—Meier plots of the time to first skeletal-related event for patients with baseline EOD <2 (a) and GS >8 (b). CAB combined
androgen blockade, CZ CAB combined with zoledronic acid, EOD extent of disease, GS Gleason score

Table 2 Adverse events of Grade >3

CAB group
(N=112)
number (%)

CZ group )4
N=112)
number (%)

Total 29 (259 %) 37(33.0%) 0.30
Urinary retention 6 (5.4 %) 4(3.6%) 0.75
Urinary incontinence 2 (1.8 %) 2 (1.8 %) 1.00
Urinary frequency/urgency 0 (0.0 %) 504.5%) 0.060
Erectile dysfunction 23 (20.5 %) 25223 %) 0.87
Gynecomastia 10 (8.9 %) 7(6.3%) 0.62
Tumor flare phenomenon 2 (1.8 %) 1(0.9 %) 1.00
Osteonecrosis of the jaw 0 (0.0 %) 2 (1.8 %) 0.50
Agitation (mood alteration) 1 (0.9 %) 0 (0.0 %) 1.00
Cerebellar infarction 1 (0.9 %) 0 (0.0 %) 1.00
Anorexia 0 (0.0 %) 2 (1.8 %) 0.50
Acute kidney injury 0 (0.0 %) 2 (1.8 %) 0.50
Appendicitis 0 (0.0 %) 1(0.9 %) 1.00
Hydronephrosis 0 (0.0 %) 1 (0.9 %) 1.00
Dental caries 0 (0.0 %) 1(0.9 %) 1.00
Pulmonary-other (sputum) 0 (0.0 %) 1 (0.9 %) 1.00

CAB combined androgen blockade, CZ CAB combined with zole-

dronic acid

# Chi-squared test

the CZ group (1.8 %) experienced osteonecrosis of the jaw

(ONIJ).

Discussion

The ZAPCA trial compared the results of early combination
treatment with ZA and ADT with that of ADT treatment
alone in men with treatment-naive prostate cancer and bone
metastasis. We failed to show that the combined treatment

improved TTTF over ADT alone, although the difference
almost reached a statistical significance (p = 0.051). The
effect was particularly clear in a subgroup of men with
baseline PSA levels <200 ng/mL. Moreover, treatment
with ZA and ADT combined significantly delayed TTfSRE
compared with treatment with ADT alone. OS and the rates
of AEs of grade >3 were similar in the two groups.

To date, there have been only three phase III randomized
controlled trials testing the antitumor effect of early bis-
phosphonate treatment combined with ADT in men with
bone-metastatic CSPC [10-12]. Medical Research Coun-
cil PROS, a phase III placebo-controlled, randomized trial,
was conducted to determine whether sodium clodronate
improves bone progression-free survival in men with bone
metastasis from prostate cancer [10, 18]. A long-term
analysis with a median follow-up period of 11.5 years has
demonstrated a statistically significant association between
oral clodronate use and improved OS [10]. CALGB 90202
was a phase III placebo-controlled, randomized trial that
evaluated the efficacy of earlier treatment with ZA in men
with metastatic CSPC [11]. The primary endpoint was TTf-
SRE. Earlier treatment with ZA did not yield a significant
improvement in TTfSRE. OS was also similar in the two
treatment groups (with and without previous ZA treat-
ment). Recently, another large-scale trial, STAMPEDE,
was reported [12]. The trial failed to demonstrate the supe-
riority of standard treatment combined with ZA over stand-
ard treatment alone in improving OS in patients with hor-
mone-naive prostate cancer.

A meta-analysis including these three trials showed
improvement of survival of men with M1 disease by addi-
tion of bisphosphonates (clodronate plus ZA) but not by ZA
itself [19]. Overall, the patient population in the ZAPCA
trial was similar to that in the PROS trial, and more homog-
enous than those in the CALGB90202 and STAMPEDE tri-
als. The populations in the ZAPCA and PROS5 trials were
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uniformly patients with newly diagnosed prostate cancer
with bone metastases, whereas the CALGB90202 and
STAMPEDE trials allowed recurrent cases following prior
local radical treatment. As local treatment might affect the
survival of patients with metastatic diseases [20], the results
of this meta-analysis should be cautiously interpreted. Con-
sidering that intravenous ZA is more effective in the sup-
pression of bone resorption than oral clodronate [1, 21], the
positive results reported in the PROS trial strongly support
the results of the ZAPCA trial, which used an intravenous
ZA treatment that was more potent than oral clodronate.
Therefore, further confirmatory studies are warranted to
elucidate the effect of adding bisphosphonates to standard
hormonal therapy.

The results of the ZAPCA trial described here suggest
that early use of ZA combined with ADT delays the devel-
opment of castration resistance in men with treatment-naive
prostate cancer and bone metastasis. A subgroup analysis
demonstrated that combined treatment with ZA and ADT
significantly prolonged TTTF in men with baseline PSA
levels <200 ng/mL. Serum PSA levels correlate with the
EOD [22]. Indeed, in this study, PSA positively correlated
with EOD grade (Table S1). These findings suggested that
patients with a low PSA and low-volume bone metastasis
might benefit more from early ZA use than other patient
types. These results should be carefully interpreted because
this subgroup analysis was based on data from a small sub-
set of only 79 patients and therefore needs to be confirmed
by other independent studies. However, there is some clini-
cal evidence of the antitumor activities of bone-modifying
agents in the early stages of solid cancers. Exploratory
subgroup analyses in the PRO5 trial demonstrated that the
time from diagnosis to randomization is significantly asso-
ciated with a positive response to clodronate therapy. This
result indicates the importance of starting bisphosphonate
treatment at the same time as ADT therapy [18]. A recent
phase III trial demonstrated that denosumab delays pro-
gression to bone metastasis in men with non-metastatic
CRPC [23]. Three large phase III trials suggested that
adjuvant ZA improves the disease-free survival of patients
with early stage breast cancer and a post-menopausal or
low-estrogen status [6—8]. The ZAPCA trial also demon-
strated that early ZA use combined with ADT significantly
delayed the occurrence of SRE in men with treatment-naive
prostate cancer and bone metastasis. This is not surprising,
considering that ZA has been proven to prevent SREs when
administered to patients with castration-resistant prostate
cancer [4, 5]. However, the CALGB90202 trial could not
demonstrate such a beneficial effect on preventing SREs by
early ZA use [11]. Our subgroup analyses found that CZ
treatment significantly prolonged TTfSRE in patients with
baseline EOD grade <2 and in patients with Gleason scores
>8. In the ZAPCA trial, 82 % of patients had prostate
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cancer with Gleason scores >8, compared with 58 % in the
CALGB90202 trial. In addition, EOD grade was not speci-
fied in the CALGB90202 trial. We could speculate that the
difference in results regarding TTfSRE might be to some
extent affected by differences in the baseline characteristics
of the patients in these two studies. Nevertheless, one of the
goals in the treatment of men with treatment-naive prostate
cancer and bone metastasis is to delay their disease pro-
gression without SREs affecting their quality of life. Thus,
the findings of this trial are still of clinical significance,
even though it did not show improvement in OS after ZA
therapy.

AEs resulting from an early start and, consequently,
longer term ZA use, are a potential concern. However, in
the ZAPCA trial, the frequencies of AEs with grade >3
were similar in the two groups. No renal insufficiency
occurred during the study period. Only 2 patients (1.8 %)
experienced ONJ associated with ZA use; this rate is
comparable to previously reported values [24]. However,
patients should be carefully monitored even after the end of
the study to detect late-onset AEs.

The ZAPCA trial had several limitations. First, this
study was not placebo-controlled, which might have
affected the results. Second, the sample size was relatively
small. Third, this study enrolled only Japanese patients. It
is unclear whether the results obtained here could be gen-
eralized to populations with different genetic or geographic
backgrounds. However, the major strengths of the ZAPCA
trial were its randomized controlled design and relatively
homogeneous participant background, which minimized
the potential biases. We believe that these strengths ren-
der the present findings clinically significant despite the
limitations.

In conclusions, the ZAPCA trial failed to demonstrate
that combined use of ZA and androgen deprivation therapy
significantly prolonged TTTF in men with treatment-naive
prostate cancer and bone metastasis. However, it generates
a new hypothesis that the combined therapy could delay
the development of castration resistance in a subgroup of
patients with a low PSA values < 200 ng/mL. The com-
bined treatment also significantly prolonged TTfSRE but
did not affect OS.
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