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Abstract
Purpose—Gonadotropin-releasing hormone (GnRH) agonists decrease bone mineral density
(BMD) and increase fracture risk in men with prostate cancer. Annual zoledronic acid increases
BMD in postmenopausal women, but its efficacy in hypogonadal men is not known.

Patients and Methods—In a 12-month study, 40 men with nonmetastatic prostate cancer who
were receiving a GnRH agonist and had T scores more than −2.5 were randomly assigned to
zoledronic acid (4 mg intravenously on day 1 only) or placebo. BMD of the posteroanterior
lumbar spine and proximal femur were measured by dual-energy x-ray absorptiometry.

Results—Mean (± SE) BMD of the posteroanterior lumbar spine decreased by 3.1% ± 1.0% in
men assigned to placebo and increased by 4.0% ± 1.0% in men assigned to zoledronic acid (P < .
001). BMD of the total hip decreased by 1.9% ± 0.7% in men assigned to placebo and increased
by 0.7% ± 0.5% in men assigned to zoledronic acid (P = .004). Similar between-group differences
were observed for the femoral neck and trochanter. Serum N-telopeptide, a marker of osteoclast
activity, decreased significantly after zoledronic acid treatment.
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Conclusion—In men receiving a GnRH agonist, a single treatment with zoledronic acid
significantly increased BMD and durably suppressed serum N-telopeptide levels for 12 months.
Annual zoledronic acid may be a convenient and effective strategy to prevent bone loss in
hypogonadal men.

INTRODUCTION
A growing population of men with recurrent prostate cancer is treated with gonadotropin-
releasing hormone (GnRH) agonists. GnRH agonists are the mainstay of treatment for
metastatic prostate cancer. In addition, GnRH agonists are a routine part of management for
many men with either locally advanced or recurrent nonmetastatic prostate cancer. An
estimated 600,000 men with prostate cancer are treated annually with GnRH agonists in the
United States.

GnRH agonist therapy reduces serum testosterone to castrate levels. Men treated with GnRH
agonists represent the largest population of hypogonadal men, and adverse consequences of
hypogonadism are increasingly being recognized in these men. Well-described effects of
hypogonadism include vasomotor flushing, loss of libido, fatigue, and anemia. More recent
work has demonstrated that osteoporosis is an important complication of GnRH agonist
treatment in men with prostate cancer. GnRH agonists increase bone turnover,1 decrease
bone mineral density (BMD),1–4 and increase fracture risk.5–7

In a randomized, placebo-controlled study of men with nonmetastatic prostate cancer
receiving GnRH agonists for prostate cancer, zoledronic acid (4 mg intravenously every 3
months) significantly increased BMD. 8 In postmenopausal women with osteoporosis, less
frequent treatment with zoledronic acid (4 mg intravenously annually) significantly
increased BMD and durably suppressed biochemical markers of osteoclast activity
compared with placebo. 9 The efficacy of annual zoledronic acid in hypogonadal men is
unknown.

We conducted a randomized, placebo-controlled study to evaluate the efficacy of annual
zoledronic acid in men receiving GnRH agonists for prostate cancer. The main study
outcomes were changes in BMD and biochemical markers of bone turnover from baseline to
month 12.

PATIENTS AND METHODS
Patients

Study participants were recruited at Massachusetts General Hospital and Dana-Farber
Cancer Institute between September 2003 and March 2005. All patients had prostate
adenocarcinoma and were receiving treatment with a GnRH agonist at study entry. Patients
had a radionuclide bone scan within 6 months before initiating GnRH agonist treatment or 6
months before study entry. Men with bone metastases or evidence of progressive disease
(serum prostate-specific antigen > 150% nadir value) were excluded. Men with metabolic
bone disease, history of treatment for osteoporosis, history of deep venous thrombosis or
pulmonary embolus, serumcalcium less than 8.4mg/dL or more than 10.6 mg/dL, or serum
creatinine concentration more than 2.0 mg/dL (177 µmol/L) were also excluded. Other
exclusion criteria included chronic use of glucocorticoids, anticonvulsants, or suppressive
doses of thyroxine within 1 year or any treatment with bisphosphonates within 1 year.

At a screening visit, BMD of the posteroanterior lumbar spine and proximal femur was
determined by dual-energy x-ray absorptiometry. Patients with a T score ≤ −2.5 were
excluded.
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Study Design
After a screening visit, eligible patients were randomly assigned using computer-generated
cards to receive zoledronic acid 4 mg (Zometa; Novartis Pharmaceuticals Inc, Basel,
Switzerland) or placebo intravenously on day 1 only. All patients and study personnel were
blinded to treatment assignments. Patients in both groups continued treatment with a GnRH
agonist throughout the study. All patients received calcium carbonate (500 mg daily) and a
daily multivitamin containing vitamin D (400 U).

Patients were evaluated at baseline and at 3, 6, 9, and 12 months. A serum sample was
obtained at each visit and stored at −80°C. BMD and body composition were measured by
dual-energy x-ray absorptiometry at baseline and 12 months. The institutional review board
approved the study. All patients provided written informed consent.

Study End Points
BMD of the posteroanterior lumbar spine and proximal femur was determined by dual-
energy x-ray absorptiometry using a Hologic QDR 4500A densitometer (Hologic Inc,
Waltham, MA). Our short-term in vivo measurement standard deviations (with
repositioning) are 0.005, 0.007, and 0.006 g/cm2 for posteroanterior spine, femoral neck, and
total hip, respectively. Serum concentrations of testosterone (Diagnostic Products, Los
Angeles, CA) were measured by radioimmunoassays. Serum concentrations of N-
telopeptide (Ostex International, Seattle, WA) and bone alkaline phosphatase (Metra
Biosystems, Mountain View, CA) were measured by enzyme immunoassays.

Statistical Analyses
The primary study end point was the percent change in the BMD of the posteroanterior
lumbar spine from baseline to month 12. The power calculations for this study assumed a
3.3% standard deviation of the change from baseline1 and dropout rate of 15%. The sample
size of 40 patients (20 patients per group) provided 80% power to detect a difference of at
least 3.3% using a two-sided t test (α = .05). Percent changes in BMD, testosterone, N-
telopeptide, and bone alkaline phosphatase were compared between groups using t tests. All
data were included in the efficacy analyses.

Statistical analyses were performed using SAS Version 8.1 (SAS Institute, Cary, NC).
Values are reported as means ± SE unless specified otherwise. All P values are two sided,
and P < .05 is considered statistically significant.

RESULTS
Characteristics of the Patients

Forty-four eligible patients were randomly assigned to either zoledronic acid (n = 22) or
placebo (n = 22). Baseline characteristics of men in both groups were similar (Table 1). All
patients were receiving treatment with a GnRH agonist at study entry and continued GnRH
agonist therapy throughout the 12-month study period. At baseline, duration of prior GnRH
agonist treatment was 12 ± 16 months for men assigned to zoledronic acid and 21 ± 17
months for men assigned to placebo. Thirty-six patients completed BMD testing at 12
months.

BMD
Mean percent changes in BMD of the posteroanterior lumbar spine differed significantly
between groups (Table 2). Mean (± SE) BMD of the posteroanterior lumbar spine decreased
by 3.1% ± 1.0% in the placebo group from baseline to 12 months. In contrast, BMD
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increased by 4.0% ± 1.0% in the zoledronic acid group (P < .001). The between-group
difference in percent change from baseline to 12 months was 7.1% (95% CI, 4.2% to
10.0%).

Mean percent changes in BMD of the total hip and trochanter also differed significantly
between groups (Table 2). BMD of the total hip decreased by 1.9% ± 0.7% in the placebo
group and increased by 0.7% ± 0.5% in the zoledronic acid group (P = .004). BMD of the
trochanter decreased by 1.4% ± 0.7% in the placebo group and increased by 1.7% ± 0.8% in
the zoledronic acid group (P = .008). The between-group differences in percent change from
baseline to 12 months were 2.6% (95% CI, 0.8% to 4.2%) for the total hip, 3.1% (95% CI,
0.9% to 5.3%) for the trochanter, and 4.4% (95% CI, −0.1% to 4.4%) for the femoral neck.

Biochemical Markers of Bone Turnover
Changes from baseline to 12 months in serum N-telopeptide and bone specific alkaline
phosphatase concentrations differed significantly between the groups (Fig 1). Mean (± SE)
serum N-telopeptide increased by 10% ± 8% in the placebo group and decreased by 17% ±
6% in the zoledronic acid group (P = .01). Serum bone-specific alkaline phosphatase
increased by 15% ± 8% in the placebo group and decreased by 13% ± 4% in the zoledronic
acid group (P =.003). The between-group difference in percent change from baseline to 12
months was 27% (95% CI, 6% to 48%) for N-telopeptide and 27% (95% CI, 11% to 44%)
for bone-specific alkaline phosphatase.

Zoledronic acid seemed to achieve durable suppression of bone turnover. In the zoledronic
acid group, mean serum N-telopeptide and bone-specific alkaline phosphatase
concentrations decreased sharply from baseline to month 3 and remained stable from month
3 to month 12. There was no significant difference between month 3 and month 12 in either
N-telopeptide or bone-specific alkaline phosphatase in men treated with zoledronic acid.

Adverse Events
There were no serious adverse events related to treatment in either group.

DISCUSSION
This study demonstrated that a single infusion of zoledronic acid suppressed bone turnover
for at least 12 months and increased BMD of the hip and spine in men receiving a GnRH
agonist for nonmetastatic prostate cancer. Compared with placebo, zoledronic acid increased
BMD of the lumbar spine and hip by 7.1% and 2.6%, respectively. In a placebo-controlled
study of 106 men with nonmetastatic prostate cancer, zoledronic acid administered every 3
months increased BMD of the lumbar spine and hip by 7.8% and 3.9%, respectively.8
Although the current study did not directly compare the two schedules of zoledronic acid
treatment, the similarity of BMD results and persistent suppression of serum N-telopeptide
throughout the 12-month study suggest that annual zoledronic acid is sufficient to prevent
bone loss in hypogonadal men.

The observed efficacy of annual zoledronic acid in these hypogonadal men with prostate
cancer is consistent with the results of zoledronic acid in postmenopausal women with
osteoporosis. In a multicenter, randomized trial, 351 postmenopausal women were assigned
to receive placebo or zoledronic acid every 3, 6, or 12 months, and effects on BMD and
biochemical markers of bone turnover were studied.9 In women treated with once-yearly
zoledronic acid, changes in spine and femoral neck BMD were significantly higher than in
women treated with placebo at 12 months after treatment, and bone resorption markers
remained suppressed after 12 months. The changes seen with annual zoledronic acid were
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comparable to changes seen with more frequent administration. The study concluded that
annual infusion of zoledronic acid is effective therapy for postmenopausal osteoporosis.

Treatment with bisphosphonates can have adverse consequences. An emerging literature has
linked bisphosphonates, particularly high doses of zoledronic acid, with osteonecrosis of the
jaw.10–13 Zoledronic acid is also associated with a risk of renal failure when administered in
doses much higher than in the current study.14 The relative risk of osteonecrosis, and likely
of other potential complications, may increase with the cumulative dose of zoledronic acid.
Thus, if comparable efficacy can be achieved with less frequent administration, fewer
adverse consequences may be observed.

Other bisphosphonates also increase BMD in GnRH agonist-treated men. A randomized,
placebo-controlled trial of 47 men with prostate cancer demonstrated that pamidronate (60
mg intravenously every 3 months) prevents loss of BMD in the hip and spine in men
initiating treatment with GnRH agonists.1 BMD of the spine, trochanter, and hip
significantly declined (3.3% ± 0.7%, 2.1% ± 0.6%, and 1.8% ± 0.4%, respectively) in men
treated with GnRH agonists and placebo but did not significantly change at any skeletal site
in men treated with GnRH agonists and pamidronate. Similar results were reported in a
second randomized controlled trial, in which men treated with pamidronate manifested
increased BMD of the spine and femoral neck compared with men treated with placebo.15
In both studies, pamidronate significantly reduced levels of bone turnover markers
compared with placebo.

GnRH agonist–induced bone loss can also be prevented with selective estrogen receptor
modulators such as raloxifene and toremifene in men with prostate cancer.16,17 Other
agents, including denosumab (AMG-162; Amgen, Thousand Oaks, CA), a novel antibody
targeted against receptor activator of nuclear factor-kb ligand, are currently being
investigated as potential therapies for osteoporosis in men with nonmetastatic prostate
cancer.

In men with androgen-independent prostate cancer and bone metastases, frequent treatment
with zoledronic acid (4 mg every 3 weeks) decreases the risk of disease-related skeletal
complications, including fractures.18 In a double-blind randomized trial of 643 men with
androgen-independent prostate cancer, zoledronic acid (4 or 8 mg every 3 weeks) reduced
the relative risk of developing skeletal-related events (defined as pathologic bone fractures,
spinal cord compression, surgery to bone, radiation therapy to bone, or a change of
antineoplastic therapy to treat bone pain) by 25% and increased the median time to first
skeletal-related event by more than 160 days. Given the results of this study, zoledronic acid
(4 mg every 3 to 4 weeks) was approved to treat men with hormone-refractory prostate
cancer metastatic to bone, and this remains the only known effective schedule to prevent
disease-related skeletal complications in men with metastatic prostate cancer. Our
observation that annual zoledronic acid increases BMD in men with nonmetastatic prostate
cancer does not justify less frequent administration to prevent disease-related skeletal
complications in men with metastatic prostate cancer.

There are some potential limitations to this study. The study was powered to detect a
significant change in BMD and was not powered to assess the impact on fracture risk.
Larger randomized trials would be required to assess the effect of different schedules of
zoledronic acid on fracture risk. Also, only a single schedule of zoledronic acid
administration was analyzed; additional studies are needed to determine whether even less
frequent administration might provide similar benefits. The baseline characteristics of both
groups were similar, although the mean duration of prior GnRH agonist treatment was
longer in men assigned to zoledronic acid than in men assigned to placebo. Because BMD
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decreases at a steady rate regardless of the duration of past GnRH agonist exposure,19 this
difference would not seem to explain the observed significant differences in changes in
BMD and biochemical markers between the groups. Finally, the patient population in this
study was restricted to nonmetastatic prostate cancer, and extrapolation to men with bone
metastases would not be appropriate.

In summary, zoledronic acid (4 mg once in 12 months) significantly increased BMD of the
hip and spine in men receiving a GnRH agonist for prostate cancer. Annual zoledronic acid
may represent a convenient and effective strategy to prevent osteoporosis in hypogonadal
men.
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Fig 1.
Mean (± SE) changes from baseline for (A) serum N-telopeptide and (B) serum bone
alkaline phosphatase. P values are for between-group comparisons of the percent change
from baseline to month 12.
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