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BACKGROUND. The objective of this study was to assess the efficacy and safety of

zoledronic acid in patients with bone metastases secondary to renal cell carcinoma

(RCC).

METHODS. A retrospective subset analysis of patients with RCC enrolled in a

multicenter, randomized, placebo-controlled study of zoledronic acid was per-

formed. Patients were randomized to receive zoledronic acid (4 or 8 mg as a

15-minute infusion) or placebo with concomitant antineoplastic therapy every 3

weeks for 9 months. The primary efficacy analysis was the proportion of patients

with one or more skeletal-related events (SREs), which were defined as pathologic

fracture, spinal cord compression, radiation therapy, or surgery to bone. Secondary

analyses included time to first SRE, skeletal morbidity rate (events per year),

disease progression, and multiple event analysis.

RESULTS. In this subset of 74 patients with RCC, zoledronic acid (4 mg) was found

to significantly reduce the proportion of patients with an SRE (37% vs. 74% for

placebo; P � 0.015). Similarly, zoledronic acid significantly reduced the mean

skeletal morbidity rate (2.68 vs. 3.38 for placebo; P � 0.014) and extended the time

to the first event (median not reached vs. 72 days for placebo; P � 0.006). A

multiple event analysis demonstrated that the risk of developing an SRE was

reduced by 61% compared with placebo (hazard ratio of 0.394; P � 0.008). The

median time to progression of bone lesions was significantly longer for patients

who were treated with zoledronic acid (P � 0.014 vs. placebo). Zoledronic acid

appeared to be well tolerated; the most common adverse events in all treatment

groups included bone pain, nausea, anemia, and emesis.

CONCLUSIONS. Zoledronic acid (4 mg as a 15-minute infusion) demonstrated

significant clinical benefit in patients with bone metastases from RCC, suggesting

that further investigation of zoledronic acid in this patient population is warranted.
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Skeletal involvement is common in patients with renal cell carci-
noma (RCC). The incidence of RCC has been increasing steadily

over the last 2 decades,1 and it has been estimated that bone metas-
tases will develop in approximately 30% of patients with RCC.2 Bone
metastases cause considerable skeletal morbidity, including bone
pain, pathologic fractures, spinal cord compression, and hypercalce-
mia of malignancy (HCM).3 It has been reported that approximately
81% of patients with RCC and bone metastasis require radiotherapy,
42% experience a long-bone fracture, and 29% require orthopedic
surgery or develop HCM at some point during the course of their
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disease.2 Unfortunately, bone metastases rarely re-
spond to systemic treatment for RCC, which includes
primarily interferon-� and interleukin-2.

Bisphosphonates have been used extensively in
the treatment of patients with HCM and in the pre-
vention of skeletal complications associated with bone
metastases in patients with breast carcinoma and
multiple myeloma.4 – 8 However, studies of patients
with solid tumors other than breast carcinoma or
prostate carcinoma have been limited. Most clinical
trials of bisphosphonates only enrolled patients with
bone metastases from breast carcinoma or prostate
carcinoma.5–7

Recently, the results of a Phase III, placebo-con-
trolled study demonstrated the efficacy of zoledronic
acid (ZOMETA�; Novartis Pharma AG, Basel, Switzer-
land/Novartis Pharmaceuticals Corporation, East
Hanover, NJ) in patients with a wide variety of solid
tumors, including lung carcinoma (small cell and non-
small cell) and RCC.9 In that study, zoledronic acid (4
mg as a 15-minute infusion) prolonged the time to
first skeletal event (not including HCM) by 2 months
(P � 0.023) and reduced the percentage of patients
who experienced skeletal-related events (SREs). Be-
cause of the poor prognosis of patients with metastatic
RCC and their limited treatment options, a retrospec-
tive analysis was performed to assess the benefit of
zoledronic acid in this subset of patients. The analyses
presented herein parallel those performed in the orig-
inal report of the study and include multiple analyses
of SREs, time to progression of bone disease, overall
survival, and the safety and tolerability of zoledronic
acid compared with placebo.

MATERIALS AND METHODS
Patients
All patients had at least one site of bone metastasis
and an Eastern Cooperative Oncology Group (ECOG)
performance status � 2. Patients with liver metasta-
ses, total bilirubin � 2.5 mg/dL at screening, serum
creatinine � 3.0 mg/dL, or symptomatic brain metas-
tases were excluded. Patients also were excluded if
they had received another bisphosphonate within 30
days of receiving zoledronic acid or if they had a
diagnosis of severe cardiovascular disease, hyperten-
sion refractory to treatment, or symptomatic coronary
artery disease within 6 months of randomization.
Written informed consent was obtained from all pa-
tients. The study enrolled 773 patients with lung car-
cinoma and a variety of other solid tumors.9 A subset
of 74 patients with RCC was included in this retrospec-
tive analysis. The original Phase III study was ap-
proved by the Institutional Review Boards of the re-
spective institutions and was conducted in

compliance with international guidelines regulating
patient safety.

Study Design and Treatment
Patients were randomized to receive zoledronic acid
(4 mg or 8 mg) or placebo every 3 weeks for 9 months.
Initially, patients received zoledronic acid as a
5-minute infusion in 50 mL of infusate. However, the
infusion time was increased to 15 minutes, and the
infusion volume was increased to 100 mL to prevent
renal-related, adverse events.9 Subsequently, the 8-mg
zoledronic acid dose was reduced to 4 mg (8/4-mg
group). Serum creatinine was monitored during the 2
weeks before each dose of study drug. All patients
received daily calcium supplements (500 mg) and a
multivitamin tablet containing vitamin D (400 –500
IU) throughout the study.

Before the first study treatment, a complete phys-
ical examination was performed, and a medical his-
tory was taken. Tumor assessment, bone scans, and
bone surveys also were performed before treatment
and were assessed along with ECOG performance sta-
tus at 3 months, 6 months, and 9 months. SREs and
adverse events were recorded at each visit every 3
weeks.

Statistical Analysis
The primary efficacy analysis in the original study was
the percentage of patients with at least 1 SRE during
the 9 months on study. SREs were defined as patho-
logic fracture, spinal cord compression, radiation
therapy to bone, or surgery to bone. For all efficacy
variables analyzed, zoledronic acid (4 mg) was com-
pared with placebo. No efficacy conclusions were
drawn from the 8/4-mg group. The proportions of
patients who had SREs were compared between treat-
ment groups using the Cochran–Mantel–Haenszel
test.

Other efficacy variables that were compared be-
tween treatment groups for the retrospective analysis
included the annual incidence of skeletal complica-
tions (skeletal morbidity rate, defined as the number
of SREs per year), time to first SRE, time to progression
of bone metastases, and overall survival. The number
of SREs and progression of bone lesions were assessed
centrally by a radiologist who was blinded to the treat-
ment and to the clinical course of patients. Time to
event and overall survival were analyzed using the
Kaplan–Meier method and the log-rank test. A multi-
ple event analysis was performed using the Andersen–
Gill approach.10 For time to event and skeletal mor-
bidity rate analyses, SREs that occurred within 21 days
(21-day window) of the previous event were excluded
from the SRE analysis, unless otherwise noted. Pain
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was assessed by using Brief Pain Inventory composite
scores.11 After consulting with the Renal Advisory
Board, changes in renal function were assessed using
change from baseline serum creatinine levels. Ele-
vated serum creatinine was defined as an increase
� 0.5 mg/dL if baseline values were � 1.4 mg/dL, an
increase � 1.0 mg/dL if baseline values were � 1.4
mg/dL, or any increase � 2 times the baseline serum
creatinine value. The time to first serum creatinine
increase was analyzed using the Kaplan–Meier
method and the log-rank test.

RESULTS
Patients
This clinical trial enrolled patients with bone lesions
secondary to lung carcinoma and with a variety of
solid tumors other than breast carcinoma or prostate
carcinoma. Primary tumor demographics are pre-
sented by treatment group in Table 1. A total of 74
patients with RCC were enrolled in the study. Patient
demographics and baseline disease characteristics of
the subset of patients with RCC are summarized in
Table 2. In general, patient demographics and base-
line disease characteristics were balanced among
treatment groups. The median age was approximately
64 years for each treatment group. The median time
from initial diagnosis to study entry was comparable
for the 4-mg zoledronic acid group (25.5 months) and
the other groups (22.7 for the 8/4-mg zoledronic acid
group and 21.2 months for the placebo group). How-
ever, the majority of patients (78 –95%) in all groups
had good performance status (ECOG performance sta-
tus, 0 –1). Most patients (63–79%) had one to three
bone lesions and had previously experienced an SRE
at study entry. One-half to two-thirds of patients had

normal baseline serum creatinine levels before they
received study treatment.

Efficacy
Figure 1A shows that the percentage of patients who
experienced an SRE was reduced significantly for the
4-mg zoledronic acid group (37%) compared with the
placebo group (74%; P � 0.015). This 50% reduction is
striking considering that many more patients in the
placebo arm of the RCC subset developed an SRE
(74%) compared with the overall study population
(44%).9 Similarly, the annual incidence of skeletal
complications, or skeletal morbidity rate, was reduced
from a mean of 3.38 events per year for patients in the
placebo group to 2.68 events per year (P � 0.014) for
patients who were treated with 4 mg of zoledronic acid
(Fig. 1B). The most common SREs were radiation ther-
apy to bone and pathologic fracture; reductions in the
incidence of each SRE were achieved with zoledronic
acid (Table 3). Similar results were observed for the
8/4-mg zoledronic acid group; however, no efficacy
conclusions were drawn from that treatment arm. The
median time to first skeletal complication was not
reached for the 4-mg zoledronic acid group, compared
with a median of 72 days to first skeletal complication
for patients in the placebo group (P � 0.006) (Fig. 2).
The extension in time to first pathologic fracture for
patients in the 4-mg zoledronic acid group also was
significant (median not reached vs. 168 days for the
placebo group; P � 0.003) (Fig. 3). Finally, the multiple
event analysis (Fig. 4) revealed that there was a signif-
icant reduction (61%) in the risk of developing an SRE
for patients in the 4-mg zoledronic acid group com-
pared with the placebo group (hazard ratio, 0.394;
P � 0.008).

Analysis of the best radiographic bone lesion re-
sponse at month 9 indicated that 7% of patients in the
4-mg zoledronic acid group achieved a partial re-
sponse compared with no responses in the placebo
group (Table 4). Bone lesions progressed in only 22%
of patients who received zoledronic acid (4 mg) com-
pared with 53% of patients who received placebo. It is
noteworthy that the time to progression of bone le-
sions (Fig. 5) was significantly longer in patients who
received zoledronic acid (4 mg) compared with pa-
tients who received placebo (median, 256 days vs. 89
days, respectively; P � 0.014). In the overall study
population, although the time to progression of bone
lesions was longer for patients who received 4 mg
zoledronic acid (median, 145 days), the increase did
not achieve statistical significance compared with pa-
tients who received placebo (median, 109 days;
P � 0.340).9 In patients with RCC, the median overall
survival showed a trend toward favoring zoledronic

TABLE 1
Primary Tumor Demographics for Patients in Each Treatment Group

Primary tumor site

No. of patients (%)

Zoledronic acid

Placebo
(n � 247
patients)

4 mg
(n � 254
patients)

8/4 mg
(n � 265
patients)

Lung carcinomaa 124 (48.8) 134 (50.6) 123 (49.8)
Other

Renal cell carcinoma 27 (10.6) 28 (10.6) 19 (7.7)
Unknown primary 15 (5.9) 14 (5.3) 14 (5.7)
Head and neck 6 (2.4) 7 (2.6) 4 (1.6)
Thyroid 2 (0.8) 5 (1.9) 4 (1.6)
Other 80 (31.5) 77 (29) 83 (33.6)

a Lung carcinoma includes both small cell and nonsmall cell lung carcinoma.
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acid (295 days for the 4-mg zoledronic acid group vs.
216 days for the placebo group; P � 0.179) but did not
achieve statistical significance compared with placebo
(Fig. 6).

Safety
The most commonly reported adverse events (all
grades) in all treatment groups were bone pain, nau-
sea, anemia, fatigue, emesis, and pyrexia (Table 5).
The proportion of patients who had episodes of nau-
sea, fatigue, emesis, and pyrexia was greater in the
4-mg zoledronic acid treatment group compared with
the placebo group. Serious adverse events were re-
ported by 48% of patients in the 4-mg zoledronic acid
group compared with 68% of patients in the placebo
group. The most frequently reported, serious adverse
events, regardless of relation to study drug, were ma-
lignant neoplasm, bone pain, dehydration, dyspnea,
and pneumonia.

Renal adverse events, which are known to be as-
sociated with intravenous (i.v.) bisphosphonates, were
followed closely. Before and after the change in infu-

sion time (from 5 minutes to 15 minutes), the num-
bers of patients who experienced renal adverse events
in the 4-mg zoledronic acid group and the placebo
group were similar: Two patients in the placebo group
had a renal-related adverse event compared with no
patients in the 4-mg zoledronic acid group. After the
15-minute infusion amendment, 2 patients in the
4-mg zoledronic acid group experienced a renal-re-
lated adverse event, compared with 3 patients in the
placebo group. The overall renal-related adverse
events across the 9-month study duration are shown
in Table 6.

DISCUSSION
This retrospective analysis of 74 patients with RCC
who were enrolled in a large, randomized, Phase III
study of zoledronic acid in patients with bone metas-
tases from a variety of solid tumors demonstrated that
zoledronic acid (4 mg as a 15-minute infusion) pro-
vided a significant treatment benefit for patients with
RCC. Zoledronic acid significantly reduced the per-
centage of patients who had SREs, and the effects were

TABLE 2
Patient Demographics and Baseline Disease Characteristics by Treatment Group

Characteristic

Zoledronic acid

Placebo
(n � 19 patients)

4 mg
(n � 27 patients)

8/4 mg
(n � 28 patients)

Median age (yrs) 64 64 65
Sex (%)

Male 18 (67) 24 (86) 17 (89)
Female 9 (33) 4 (14) 2 (11)

Primary therapy (%)
Immunotherapya 17 (63) 17 (61) 9 (47)
Hormonal therapy 1 (4) 1 (4) 1 (5)

Median time from initial diagnosis to study entry (months)b 25.5 22.7 21.2
ECOG performance status (%)

� 1 21 (78) 24 (86) 18 (95)
� 2 5 (19) 4 (14) 1 (5)

Median BPI composite pain score 4.3 3.9 3.3
No. of lesions at study entry (%)

Unknown 1 (4) 1 (4) 1 (5)
1–3 21 (78) 22 (79) 12 (63)
4–6 4 (15) 3 (11) 4 (21)
7–9 1 (4) 2 (7) 2 (11)

Previous SRE (%)
Yes 22 (81) 23 (82) 18 (95)
No 5 (19) 5 (18) 1 (5)

Baseline serum creatinine (%)
Normal (� 1.4 mg/dL) 17 (63) 16 (57) 9 (47)
Abnormal (� 1.4 mg/dL) 10 (37) 12 (43) 10 (53)

ECOG: Eastern Cooperative Oncology Group; BPI: Brief Pain Inventory (scale, 0 –10); SRE: skeletal-related event.
a Denotes interferon-based and/or interleukin-based immunotherapy with or without additional chemotherapeutic agents.
b Twenty-eight days in a month.
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consistent across all types of SREs. Compared with the
study’s overall patient population, the proportions of
patients with RCC who had SREs (74% for the placebo
group) was nearly 2-fold greater (44% for the entire

patient population),9 suggesting that patients with
RCC who have bone metastases are at greater risk of
developing SREs compared with patients who have
other types of solid tumors. The benefit of zoledronic
acid in patients with RCC also was demonstrated
clearly in the median time to first SRE and the time to
first pathologic fracture, both of which increased sig-

TABLE 3
Total Number of Skeletal-Related Events

SRE

No. of SREs

With 21-day window Without 21-day windowa

Zoledronic acid
4 mg Placebo

Zoledronic acid
4 mg Placebo

Any SRE 15 20 20 35
Radiation to bone 8 9 11 12
Pathologic fracture 4 11 4 16

Vertebral 1 4 1 5
Nonvertebral 3 9 3 11

Surgery to bone 3 4 3 4
Spinal cord compression 1 3 2 3

SRE: skeletal-related event.
a Events that occurred within 21 days of a prior event were counted.

FIGURE 1. Zoledronic acid (Zol) reduced (A) the percentage of patients who

experienced at least one skeletal-related event (SRE) and (B) the annual

incidence of skeletal-related events. SMR: skeletal morbidity rate.

FIGURE 2. Zoledronic acid (Zol) significantly delayed the time to first

skeletal-related event (SRE). NR: not reached.

FIGURE 3. Zoledronic acid (Zol) significantly delayed the time to first

pathologic fracture. NR: Not reached.

FIGURE 4. Patients who were treated with zoledronic acid (Zol) had a

reduced risk of developing skeletal complications (Andersen–Gill multiple event

analysis hazard ratio � 95% confidence interval).
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nificantly in patients who were treated with zoledronic
acid. Furthermore, in the analysis of multiple SREs,
patients who received zoledronic acid were at a sig-
nificantly reduced risk (61%) of developing an SRE.
The multiple event analysis accounted for the time to
first SRE in addition to the time to subsequent SREs
and, thus, is a more accurate measure of treatment
effect than conventional endpoints, such as the pro-
portion of patients or the time to first SRE.

It is noteworthy that patients with RCC who re-

ceived zoledronic acid also showed significant re-
sponse in bone lesions. The median time to bone
lesion progression was prolonged significantly, and
the number of patients who had a partial response or
stable bone disease was greater in the zoledronic acid
group compared with the placebo group. However,
overall survival was similar for the placebo group and
the zoledronic acid group.

The median survival for patients with advanced
RCC is � 1 year, and the 5-year mortality rate is nearly
100%.12 Metastasis to bone has been identified as an
independent prognostic variable that is predictive of
poor survival in patients with metastatic RCC.13 Dur-
ing their short survival, the majority of patients with
RCC who have bone metastases will experience a skel-
etal complication, such as a fracture, that may be
accompanied by debilitating pain. The current stan-
dard of care for patients with metastatic RCC includes
surgical approaches and immunotherapy.14 –16 Immu-
notherapy with interferon or high-dose bolus interleu-
kin-2 has achieved response rates from 15% to 20%.17

TABLE 4
Best Bone Lesion Response up to Month 9

Response

No. of patients (%)

Zoledronic acid

Placebo
(n � 19 patients)

4 mg
(n � 27 patients)

8/4 mg
(n � 28 patients)

PR 2 (7) 5 (18) 0 (0)
No change 11 (41) 4 (14) 4 (21)
Progression 6 (22) 9 (32) 10 (53)
Not evaluable 8 (30) 10 (36) 5 (26)

PR: partial response.

FIGURE 5. Zoledronic acid (Zol) significantly delayed the progression of bone

lesions compared with placebo.

FIGURE 6. This plot shows Kaplan–Meier estimates of survival for patients

who were treated with zoledronic acid (Zol) versus placebo.

TABLE 5
Most Frequently Reported Adverse Events (All Grades) in > 15% of
Patients by Treatment Group Regardless of Relation to Study Drug

Adverse event

Zoledronic acid

Placebo
(n � 19
patients)

4 mg
(n � 27
patients)

8/4 mg
(n � 28
patients)

No. % No. % No. %

Bone pain 14 52 11 39 12 63
Nausea 14 52 10 36 6 32
Emesis 9 33 10 36 5 26
Fatigue 9 33 6 21 3 16
Pyrexia 8 30 8 29 3 16
Anorexia 7 26 3 11 2 11
Anemia 7 26 5 18 6 32
Dyspnea 6 22 5 18 3 16
Arthralgia 6 22 7 25 4 21
Rigors 6 22 3 11 2 11
Edema lower limb 6 22 2 7 2 11
Constipation 5 19 5 18 7 37
Cough 5 19 2 7 3 16
Hypocalcemia 5 19 0 0 0 0
Weakness 4 15 4 14 5 26
Dehydration 4 15 6 21 2 11
Abdominal pain 4 15 5 18 0 0
Paresthesia 4 15 2 7 3 16
Dyspepsia 3 11 6 21 0 0
Aggravated malignant neoplasm 3 11 2 7 3 16
Myalgia 3 11 4 14 4 21
Diarrhea 2 7 6 21 3 16
Weight decrease 2 7 6 21 2 11
Pneumonia 1 4 5 18 1 5
Confusion 0 0 4 14 4 21
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Unfortunately, immunotherapy does not treat meta-
static bone disease effectively.13 This retrospective
analysis demonstrated that zoledronic acid may pro-
vide a significant clinical benefit in patients with RCC.
Further investigation will be required to determine
whether the effects of zoledronic acid on the progres-
sion of bone disease can translate into an overall sur-
vival benefit. These results also suggest that patients
with RCC may be good candidates for inclusion in
investigations of zoledronic acid’s antitumor effects or
its ability to prevent bone metastases.

Zoledronic acid (4 mg as a 15-minute i.v. infusion
every 3 weeks) was tolerated well by patients with
RCC. The clinical adverse event profile for patients
who were treated with zoledronic acid was similar to
that for patients who received placebo and was con-
sistent with the patterns observed in the larger Phase
III patient population9 and in clinical trials of other i.v.
bisphosphonates.5,7 Adverse events with a greater in-
cidence in the zoledronic acid treatment arms com-
pared with the placebo arm included nausea, anemia,
pyrexia, emesis, and dyspnea. The administration of
i.v. bisphosphonates has been associated with de-
creased renal function.18 In the current analysis, the
renal safety profile of zoledronic acid (4 mg as a 15-
minute infusion) was similar to placebo. In fact, the
rate of adverse renal events in patients who received 4
mg zoledronic acid was lower compared with the pla-
cebo group. Although the 8-mg dose of zoledronic
acid administered as a 15-minute infusion appeared
to be tolerated well in this subset analysis, that dose
was associated in the entire patient population with

an increased incidence of rising serum creatinine lev-
els and is not recommended.

Significant clinical benefits from zoledronic acid
treatment were demonstrated in this retrospective
subgroup analysis of patients with RCC and bone me-
tastases. To our knowledge, the current analysis is the
first to demonstrate a statistically significant clinical
benefit in this patient population. The results of this
analysis support an expanded role for zoledronic acid
in the treatment of patients with bone metastases
secondary to RCC and encourage the exploration of
zoledronic acid treatment in patients with RCC.
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