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In a placebo-controlled randomized
clinical trial, zoledronic acid (4 mg via
a 15-minute infusion every 3 weeks
for 15 months) reduced the incidence
of skeletal-related events (SREs) in
men with hormone-refractory meta-
static prostate cancer. Among 122 pa-
tients who completed a total of 24
months on study, fewer patients in the
4-mg zoledronic acid group than in
the placebo group had at least one
SRE (38% versus 49%, difference �
–11.0%, 95% confidence interval
[CI] � –20.2% to –1.3%; P � .028),
and the annual incidence of SREs was
0.77 for the 4-mg zoledronic acid
group versus 1.47 for the placebo
group (P � .005). The median time to
the first SRE was 488 days for the
4-mg zoledronic acid group versus
321 days for the placebo group (P �
.009). Compared with placebo, 4 mg
of zoledronic acid reduced the ongo-
ing risk of SREs by 36% (risk ratio �
0.64, 95% CI � 0.485 to 0.845; P �
.002). Patients in the 4-mg zoledronic
acid group had a lower incidence of
SREs than did patients in the placebo
group, regardless of whether they had
an SRE prior to entry in the study.
Long-term treatment with 4 mg of
zoledronic acid is safe and provides
sustained clinical benefits for men
with metastatic hormone-refractory
prostate cancer. [J Natl Cancer Inst
2004;96:879–82]

Bone metastasis occurs in a majority
of patients with advanced prostate can-
cer and represents a clinically significant

issue in the management of these pa-
tients (1). Metastatic bone disease is as-
sociated with substantial morbidity, in-
cluding severe bone pain and pathologic
fractures. Bisphosphonates have become
an integral tool in the management of
malignant bone disease, but they had not
demonstrated clinical benefit in men
with prostate cancer until recently. We
previously reported the results of a 15-
month analysis from a randomized
placebo-controlled clinical trial of the
bisphosphonate zoledronic acid in men
with bone metastases secondary to
hormone-refractory prostate cancer (2).
The 15-month analysis of this trial dem-
onstrated that, compared with placebo, a
4-mg dose of zoledronic acid resulted in
a statistically significant reduction in the
incidence of skeletal-related events
(SREs) and delayed the onset of SREs
(2). Here we present results of an anal-
ysis of zoledronic acid in these patients
over a time course of 24 months.

In this multicenter, placebo-
controlled trial, 643 men with metastatic
hormone-refractory prostate cancer were
randomly assigned to receive intrave-
nous zoledronic acid (4 mg or 8 mg) or
placebo every 3 weeks for 15 months
(core phase), with an option to continue
for an additional 9-month extension
phase (total study time of 24 months).
Patients treated with 8 mg of zoledronic
acid had a higher incidence of elevated
serum creatinine levels than did patients
treated with 4 mg of zoledronic acid (2).
Therefore, zoledronic acid doses greater
than 4 mg are not recommended, and a
protocol amendment to ensure renal
safety reduced the 8-mg dose to 4 mg
(hereinafter referred to as the 8/4-mg
group). Per a protocol amendment, no
efficacy conclusions were drawn from
the results of this group. The primary
efficacy endpoint was the proportion of
patients having at least one SRE, which
was prospectively defined as a patho-
logic fracture, spinal cord compression,
radiation therapy or surgery to bone, or
change in the antineoplastic therapy to
treat bone pain. Prospectively planned
secondary efficacy endpoints included
time to the first SRE, annual incidence
of SREs, multiple event analysis using
the Andersen–Gill model (3), and mean
change from baseline brief pain inven-
tory (BPI) score. All analyses presented
here include data from randomization to
the end of the extension phase (i.e., 24
months) unless otherwise specified. To

avoid counting possibly linked SREs
more than once, we counted only one
event in any 21-day window for the an-
nual incidence endpoint and the multiple
event analysis. In exploratory analyses,
we examined the proportion of patients
that had an SRE excluding asymptom-
atic fractures, the proportion with an
SRE from months 15 to 24 (i.e., the
extension phase only), and the propor-
tion with an SRE stratified by prior his-
tory of SREs. We also analyzed the pro-
portion of patients with an SRE and the
median time to the first SRE for the 4-
and 8/4-mg zoledronic acid groups
combined.

Of the 208 patients who completed
the 15-month core phase of this study,
186 patients continued in the study, and
122 patients completed 24 months of
study treatment (Fig. 1). Baseline demo-
graphic and disease characteristics for
the patients included in the safety anal-
ysis were reported previously (2). Treat-
ment groups were well balanced at base-
line for all patient variables, including
chemotherapy. A similar percentage of
patients in each treatment group re-
ceived mitoxantrone during the trial
(25% for 4 mg of zoledronic acid, 20%
for 8/4 mg of zoledronic acid, and 24%
for placebo). At the 24-month analysis,
the overall and renal safety profiles of
the 4-mg zoledronic acid group were
similar to those of placebo and were not
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different from those reported at the 15-
month analysis (data not shown).

Table 1 summarizes the efficacy data
at 24 months for the preplanned analy-
ses, and Table 2 summarizes the efficacy
data at 24 months for the exploratory
analyses. During the entire 24-month
study, statistically significantly fewer
patients in the 4-mg zoledronic acid
group than in the placebo group had at
least one SRE (38% versus 49%, differ-
ence � –11.0%, 95% CI � –20.2% to
–1.3%; P � .028). The annual incidence

of SREs was 0.77 for the 4-mg zoledronic
acid group versus 1.47 for the placebo
group (P � .005). The median time to
the first SRE was reached in both treat-
ment groups and was approximately 6
months longer for patients in the 4-mg
zoledronic acid group than for patients
in the placebo group (488 days versus
321 days; P � .009). Moreover, when
asymptomatic fractures were excluded
from the 24-month analysis of SREs,
statistically significantly fewer patients
in the 4-mg zoledronic acid group than

in the placebo group had at least one
SRE (30% versus 41%, difference �
–11.0%, 95% CI � –20.1% to –1.8%; P
� .019) (Table 2). Zoledronic acid also
demonstrated continued benefit among
patients who remained in the study. Dur-
ing the extension phase of the trial (i.e.,
from 15 to 24 months after randomiza-
tion), fewer patients in the 4-mg
zoledronic acid group than in the pla-
cebo group had at least one SRE (19%
versus 38%, difference � –19.0%, 95%
CI � –34.3% to –3.7%; P � .017) (Ta-
ble 2).

Patients in the 8/4-mg zoledronic
acid group had fewer SREs than did
patients in the placebo group for all
comparisons tested; however, many of
the differences between these treatment
groups failed to reach statistical signifi-
cance even though these two treatment
arms had similar discontinuation rates.
The reasons for this lack of statistical
significance are unclear, especially be-
cause the 4-mg zoledronic acid and
8/4-mg zoledronic acid groups had sim-
ilar pharmacologic effects on biochemi-
cal markers of bone resorption (2). We
therefore analyzed the combined 4-mg
and 8/4-mg zoledronic acid groups and

Fig. 1. CONSORT flow di-
agram. *Three patients, one
randomly assigned to re-
ceive zoledronic acid at 4
mg and two randomly as-
signed to receive zoledronic
acid at 8/4 mg, never re-
ceived the study drug and
were not included in the
safety analysis. One patient
randomly assigned to re-
ceive zoledronic acid at 8/4
mg incorrectly received 4
mg; this patient was in-
cluded in the 8/4-mg group
for efficacy and in the 4-mg
group for safety analysis.
Adapted with permission of
Saad et al. (2)

Table 1. Twenty-four-month analysis of prospectively planned efficacy endpoints*

Endpoint

Zoledronic acid treatment group 4-mg zoledronic acid versus placebo 8/4-mg zoledronic acid versus placebo

4 mg
(n � 214)

8/4 mg
(n � 221)

Placebo
(n � 208)

Difference
(95% CI), % P† HR (95% CI) P†

Difference
(95% CI), % P† HR (95% CI) P†

Patients with �1 SRE
during the study n
(%)‡

81 (38) 91 (41) 101 (49) �11.0
(�20.2 to �1.3)

.028 �8.0
(�16.8 to 2.0)

.129

Median time to first
SRE, days

488 363 321 0.677
(0.505 to 0.908)

.009 0.892
(0.671 to 1.187)

.434

Mean annual incidence
of SREs‡

0.77 1.05 1.47 NA .005 NA .098

Multiple event
analysis, HR§

0.640 0.836 1.00
(referent)

0.640
(0.485 to 0.845)

.002 0.836
(0.641 to 1.090)

.186

BPI, mean least-
squares change
from baseline value
at
18 mo 0.58 0.45 0.95 �0.37

(�0.78 to �0.04)
.075 �0.50

(�0.91 to �0.09)
.016

21 mo 0.56 0.50 1.07 �0.51
(�0.91 to �0.10)

.014 �0.57
(�0.98 to �0.17)

.005

24 mo 0.58 0.54 1.05 �0.47
(�0.88 to �0.06)

.024 �0.51
(�0.92 to �0.11)

.013

Mean change from
baseline analgesic
score at 24 mo

1.04 1.05 1.17 NA .491 NA .438

*CI � confidence interval; HR � hazard ratio; SRE � skeletal-related event; BPI � brief pain inventory score; NA � not applicable.
†P values (two-sided) for between–study arm comparisons of percentage of patients with at least one SRE and annual incidence of SREs are from the

Cochran–Mantel–Haenszel test. Cox proportional hazards regression analyses were used to compare the time to first SRE. Analysis of covariance was used to
compare the mean change from baseline in bone pain scores of each treatment group, with baseline value as a covariate and treatment and stratum as factors.

‡All incident SREs (0–24 months).
§Multiple event analysis was performed by using the Andersen–Gill model (3).
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found that statistically significantly
fewer patients who received zoledronic
acid had SREs than did patients who
received placebo (40% versus 49%, dif-
ference � –9.0%, 95% CI � –17.2% to
–0.9%; P � .031), and the median time
to the first SRE was more than 3 months
longer for patients who received
zoledronic acid than for patients who
received placebo (423 days versus 321
days; P � .047) (Table 2).

We also examined whether patients
with a history of SREs were predisposed
to subsequent SREs and whether the
slight imbalance between treatment
groups with respect to history of SREs
affected the outcome of this trial. At
study entry, 30.8% and 32.1% of pa-
tients in the 4- and 8/4-mg zoledronic
acid groups, respectively, had experi-
enced an SRE, compared with 37.5% of
patients in the placebo group. We there-
fore performed a stratified analysis to
examine the incidence of SREs during
the trial among patients with and with-
out an SRE before study entry and the
treatment benefit in each subgroup. This
analysis showed that patients with an
SRE before study entry had a higher
incidence of SREs during the study
than patients without an SRE before
study entry (Table 2). Nevertheless,

compared with patients in the placebo
group, fewer patients in either
zoledronic acid group had an SRE dur-
ing the 24 months on study, regardless
of their history of SREs prior to study
entry. Compared with placebo, 4 mg
of zoledronic acid also extended the
median time to the first on-study SRE
in both subgroups (data not shown).
These results are consistent with the
findings of a recent report demonstrat-
ing that zoledronic acid provides sta-
tistically significant ongoing treatment
benefits for patients who experienced a
first SRE while on study (4).

Because prostate cancer patients of-
ten experience multiple SREs over the
course of the disease (5), we also con-
ducted an Andersen–Gill multiple-event
analysis, which accounts for all clini-
cally relevant SREs during the 24-
month study and the timing of events, to
provide a more comprehensive assess-
ment of skeletal morbidity (5). Results
of this analysis revealed that 4 mg of
zoledronic acid produced a statistically
significant 36% reduction in the ongoing
risk of SREs, based on a risk ratio of
0.640 (95% CI � 0.485 to 0.845; P �
.002) compared with results of placebo
(Table 1).

Periodic measures of BPI scores (at
3-month intervals) also demonstrated
statistically significant and durable
palliation of bone pain for patients
treated with zoledronic acid (both 4-
and 8/4-mg groups) compared with re-
sults of the placebo group. In fact,
changes from baseline pain scores
showed a clear dose response (Table
1).

As previously reported (2), adverse
events (e.g., mild-to-moderate fatigue,
myalgia, and fever) occurred more fre-
quently in patients treated with zoledronic
acid than with placebo during the core
phase; the incidence of these adverse
events was similar between the zoledronic
acid and placebo groups during the ex-
tension phase (data not shown). More-
over, the rate of study discontinuation
due to adverse events did not differ
substantially among the three treatment
groups.

In conclusion, long-term treatment
with 4 mg of zoledronic acid is safe, has
demonstrated statistically significant re-
ductions in skeletal complications, and
provides durable palliation of bone pain
in patients with bone metastases second-
ary to hormone-refractory prostate can-
cer. Zoledronic acid is the only bisphos-
phonate that has demonstrated a

Table 2. Results of exploratory analyses*

Outcome

Treatment group
4-mg zoledronic acid versus

placebo
8/4-mg zoledronic acid

versus placebo

4 mg
zoledronic acid

(n � 214)

8/4 mg
zoledronic acid

(n � 218)
Placebo

(n � 208)
Difference

(95% CI), % P†
Difference (95%

CI), % P†

Patients with �1 SRE during
the study, n (%)

Excluding asymptomatic
fractures

64 (30) 74 (33.5) 85 (41) �11.0
(�20.1 to �1.8)

.019 �7.4
(�16.5 to 1.8)

.125

15–24 months‡ (extension
phase only)

14/74 (19) 13/54 (24) 22/58 (38) �19.0
(�34.3 to �3.7)

.017 �13.9
(�31.0 to 3.3)

.121

Prior SRE at study entry 27/66 (41) 35/71 (49) 40/78 (51) �10.4
(�26.7 to 6.0)

.215 �2.0
(�18.1 to 14.1)

.809

No prior SRE at study entry 54/147 (37) 56/149 (38) 61/130 (47) �10.2
(�21.8 to 1.4)

.087 �9.3
(�20.9 to 2.3)

.116

Zoledronic acid versus placebo

Zoledronic acid§
(n � 435)

Placebo
(n � 208)

Difference
(95% CI), % P† HR (95% CI) P†

Patients with �1 SRE during
the study, n (%)

172 (40) 101 (49) �9.0%
(�17.2% to �0.9%)

.031

Median time to first SRE, days 423 321 0.779
(0.609 to 0.996)

.047

*CI � Confidence Interval; SRE � Skeletal related event; HR � hazard ratio.
†P values (two sided) for between-treatment comparisons are from the Cochran–Mantel–Haenszel test.
‡From randomization.
§Data reflect 4-mg and 8/4-mg groups combined.
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statistically significant reduction in skel-
etal complications in a randomized, pla-
cebo-controlled trial. Results of explor-
atory analyses suggest that zoledronic
acid provided ongoing clinical benefit—
regardless of the patient’s history of
SREs before study entry—throughout
the 24-month study period. Although the
optimal duration of zoledronic acid ther-
apy is not known, the available evidence
suggests that patients continue to re-
ceive benefit for as long as they are
treated. Therefore, similar to the treat-
ment guidelines for breast cancer (6), it
is reasonable to treat patients with
zoledronic acid for as long as it is toler-
ated or until the patient experiences a
substantial decline in performance
status.
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