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Abstract. Zoledronic acid (ZOL) is a new generation bispho-
sphonate with improved efficacy benefits over pamidronate in 
preclinical testing. In addition, ZOL is superior to pamidronate 
in the treatment of hypercalcemia of malignancy. ZOL is also 
the first bisphosphonate to demonstrate efficacy in patients with 
bone metastases from solid tumors other than breast cancer, such 
as prostate cancer. In this study, we investigated ZOL treatment 
in 17 Japanese men with advanced prostate cancer, treated at the 
Aichi Medical University Hospital between August 2006 and 
November 2007. The 17 patients had biopsy-confirmed prostate 
cancer and were found to harbor bone metastasis upon bone 
scintigraphy. ZOL was administered intravenously at a dose of 
4 mg over 15 min every 4 weeks. ZOL was well tolerated with 
mild renal dysfunction in 2 patients (11.8%), while 1 patient 
(5.8%) developed skin rash. No significant side effects were 
observed. Subjective improvement in bone pain was reported 
in 14 patients (32.4%). ZOL, therefore, is a safe and effective 
drug that remains an important component of the urologist's 
armamentarium against advanced prostate cancer.

Introduction

Prostate cancer is one of the most common types of cancer 
in men worldwide (1,2). Although stage migration of prostate 
cancer has been reported, when metastatic disease occurs it 
usually involves the bones (3,4). In addition to bone metastases, 
bone demineralization from previous castration (medical or 

surgical) contributes to an increased risk of skeletal complica-
tions (e.g., fracture and pain) (5-8). Complications from bone 
metastases are a major cause of morbidity in patients with 
prostate cancer, causing intractable debilitating pain, spinal 
cord compression, pathologic fractures and abnormalities 
in serum calcium levels (9). Thus, patients with metastatic 
hormone-refractory prostate cancer (HRPC) are particularly 
prone to incapacitating progressive bone disease (10). 

Zoledronic acid (ZOL) is a new generation nitrogen-con-
taining bisphosphonate (BP) with improved efficacy benefits 
over pamidronate in preclinical testing. In addition, ZOL is 
superior to pamidronate in the treatment of hypercalcemia of 
malignancy (11). It is also the first BP to demonstrate efficacy 
in patients with bone metastases from solid tumors other than 
breast cancer, including prostate cancer, non-small cell lung 
cancer and a variety of other tumor types (12,13). Although not 
an oral agent, ZOL can be safely administered intravenously 
(14) (Maxwell et al, Convenience of a 15-minute infusion 
of zoledronic acid. Presented at the 3rd European Oncology 
Nursing Symposium Spring Convention, Venice, Italy, April 
12-14, 2002).

ZOL has been evaluated in phase I trials in patients with 
a variety of cancer types and bone metastases (15,16). In a 
previous comparative phase III trial (17), a 4-mg infusion of 
ZOL was as effective as a 90-mg infusion of pamidronate 
in reducing skeletal complications in patients with multiple 
myeloma or breast cancer. Previously, Saad et al reported that 
ZOL treatment for metastatic hormone-refractory prostate 
cancer significantly reduced the incidence of skeletal-related 
events (SRE) by 36%, and delayed the first SRE by >5 months 
as compared to the placebo used (18). Moreover, BPs are well 
tolerated with only minimal side effects (e.g. influenza-like 
syndrome, arthralgia and gastrointestinal symptoms). We 
investigated ZOL treatment in 17 Japanese men with advanced 
prostate cancer, treated at the Aichi Medical University Hospital 
between August 2006 and November 2007. Specifically, we 
evaluated the effects of ZOL on SRE, bone pain, adverse 
events, serum calcium, creatinine and prostate-specific antigen 
(PSA) in subjects with advanced prostate cancer. 
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Patients and methods

Study population. Our cohort comprised of 17 non-consecutive 
patients with biopsy-confirmed stage D2 prostate cancer and 
bone metastasis; verified by bone scintigraphy. Table I lists 
the demographic and clinicopathological characteristics of the 
cohort. Of the 17 patients, 12 had HRPC, while 5 were sensi-
tive to androgen manipulation. HRPC patients had received 
docetaxel-based chemotherapy or steroidal therapy. Non-
HRPC patients had received combined androgen blockade 
therapy. Patients had been prescribed morphine and non-
steroidal anti-inflammatory drugs (NSAIDS) for moderate 
to severe bone pain. Six patients were previously treated with 
incadronate disodium. Three patients had SRE (1 patient 
with a compression fracture and paralysis and 2 patients with 
pending fractures, which were treated with radiation therapy). 
No patients were found to have hypercalcemia of malignancy.

Methods. ZOL (Zometa®; Novartis Pharma AG, Basel, 
Switzerland/Novartis Pharmaceuticals Corp., East Hanover, 
NJ) was administered intravenously at a dose of 4 mg over 
15 min every 4 weeks (one cycle). Treatments ranged from 1 to 
13 cycles (median of 6 cycles). Hydration was not performed. 
Clinical and hospital records were reviewed for several key fac-

tors including laboratory results and SRE. Statistical analysis 
of the laboratory results was evaluated using the Wilcoxon and 
Friedman's tests. The patients were assessed for any adverse 
effects using the National Cancer Institute's Common Toxicity 
Criteria, version 2.0. Pain complaints were evaluated. The 
median follow-up was 11 months. 

Results

Although serum PSA levels were not altered (Fig. 1), a signifi-
cant reduction in subjective bone pain was evident. Subjects 
previously utilizing morphine and NSAIDS for moderate to 
severe bone pain, reported that bone pain decreased in (14 
subjects, 82.4%) with ZOL treatment. The other three subjects, 
however, reported a dose escalation of morphine to control 
bone pain. No new SRE was evident in the cohort. 

ZOL therapy was well tolerated in our cohort. Mild renal 
dysfunction (i.e., serum creatinine 1.4-2.0 mg/dl) was detected 
in two patients (11.8%). However, no statistically significant 
differences were noted in serum creatinine levels between 
pre- and post-ZOL injection (P=0.06) (Fig. 2). Skin rash was 
developed in one patient (5.8%). The two patients with renal 
dysfunction were on medication for hypertension. No sig-

Table I. Clinicopathological characteristics of the cohort.

Patient no.	 17
Age (years)	 58-86 (mean age 74.4)
TNM classification (UICCa)
  T2aN0M1b	   1
  T2bN0M1b	   5
  T3aN1M1b	   3
  T3bN1M1b	   1
  T4N0M1b	   2
  T4N1M1b	   5
Peformance status (ECOGb)
  PS 0	   7
  PS 1	   7
  PS 2	   1
  PS 3	   2
HRPCc	 12
Non-HRPC	   5
Previous SREd

  Yes	   3
  No	 14
Prior to BPe

  Yes	 6 (incadronate disodium)
  No	 11

aUICC, International Union against Cancer; bECOG, Eastern 
Cooperative Oncology Groups; cHRPC, hormone-refractory prostate 
cancer; dSRE, skeletal-related events; eBP, bisphosphonate.

Figure 1. PSA values were evaluated prior to (PreZOL), 1 month after 
(PostZOL 1M) and a few months after (PostZOL) ZOL injection.

Figure 2. Changes in serum creatinine levels prior to (PreZOL) and within a 
few days after (PostZOL) ZOL injection.
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nificant side effects were noted. As for abnormalities in serum 
chemistry, serum calcium decreased post-ZOL injection 
(P=0.01), but there was no evidence of severe hypocalcemia 
(Fig. 3). 

Discussion

Bone metastasis in prostate cancer can lead to significant skel-
etal morbidity. In randomized controlled trials, BP therapy has 
been associated with a reduction in SRE. BPs are known to 
reduce excessive bone turnover while preserving bone struc-
ture and mineralization in patients with metastatic disease to 
the skeleton (15). We investigated the efficacy of ZOL in a 
cohort of Japanese men with stage D2 prostate cancer. 

We found no SRE in the small cohort of Japanese men 
with stage D2 prostate cancer treated with ZOL. Previously, 
Saad et al reported that ZOL significantly reduced the inci-
dence of SRE by 36% and delayed the first SRE by >5 months 
as compared to the placebo used (18). Furthermore, ZOL 
provided significant long-term reductions in bone pain as com-
pared to the placebo used (19). Unlike ZOL, first generation 
BPs (etidronate, clodronate and pamidronate) were unable to 
demonstrate a statistically significant clinical benefit in patients 
with bone metastatic prostate cancer (15). Previous reports and 
the present study show that ZOL significantly lowers the inci-
dence of skeletal complications and helps in alleviating bone 
pain. Thus, ZOL is currently the most commonly chosen BP 
treatment for patients with hormone-refractory bone metastatic 
prostate cancer. ZOL subjectively improved bone pain in 14 
patients (82.4%) who were previously treated with morphine 
and NSAIDS. In 5 cases, morphine and NSAID treatment 
decreased. However, in our cohort, 3 patients reported an 
increase in morphine use to alleviate bone pain. Notably, SRE 
reduction was greatest in patients without pain. Thus, it is 
advised that ZOL therapy be started before patients present 
symptoms (20).

Several issues related to BP therapy are worth men-
tioning. First, it is not uncommon for patients to experience 
an increase in creatinine levels while on therapy. Vogel and 
others noted a mild increase in serum creatinine in 7.7% of 
patients, previously treated with BP therapy, as well as 4.5% 
of BP-naïve patients (16). In our cohort (11.8%), ZOL therapy 

resulted in mild and transient renal dysfunction (increase in 
serum creatinine from 1.4 to 2.0 mg/dl). Second, BP therapy 
has been associated with severe hypocalcemia (21). We found 
a non-significant decrease in serum calcium levels noted 
within a few days of BP therapy. Severe hypocalcemia, how-
ever, was not noted. On the other hand, Gulley et al reported 
that following a single dose of zoledronic acid, one patient 
developed hypocalcemia which persisted for approximately 
60 days (21). Third, osteonecrosis of the jaw has been linked 
to BP therapy (22). In our study, BP treatment was delayed 
in one subject to accommodate for dental evaluation and 
treatment. It is therefore critical that patients receiving BP 
be taught meticulous dental care to prevent osteonecrosis 
of the jaw. Fourth, ZOL can halt bone turnover associated 
with metastatic disease to the bones. Previously, Vordos and 
colleagues reported that ZOL therapy in combination with 
docetaxel was associated with a decrease in serum PSA by 
more than 50% at 2 months in more than 50% of the patients 
(23). Thus, a significant reduction in PSA may be associated 
with burden of disease within the skeleton. We noted no 
decrease in patient serum PSA levels during ZOL therapy.
Significant clinical benefits of ZOL therapy were demonstrated 
in this retrospective analysis of 17 Japanese men with bone 
metastasis from prostate cancer. It is therefore critical that 
urologists understand the benefits and potential implications 
of ZOL in the treatment of stage D2 prostate cancer. 
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