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BACKGROUND. The authors previously reported the efficacy of a dose of 4 mg of

zoledronic acid in reducing skeletal complications in patients with bone metasta-

ses secondary to lung carcinoma and other solid tumors (except carcinomas of the

breast and prostate). In the current study, they update these results and report the

long-term efficacy and safety of 21 months of treatment with zoledronic acid in a

randomized, placebo-controlled trial.

METHODS. A total of 773 patients were randomized to receive zoledronic acid (4 mg

or 8 mg) or placebo via a 15-minute infusion every 3 weeks for 21 months. The

8-mg dose later was reduced to 4 mg (8/4-mg group). The primary efficacy

endpoint was the percentage of patients at 21 months with � 1 skeletal-related

event (SRE) (pathologic fracture, spinal cord compression, radiation therapy to

bone, or surgery to bone). Secondary analyses (time to first SRE, annual incidence

of SREs, and multiple-event analysis) included hypercalcemia of malignancy.

RESULTS. Fewer patients treated with zoledronic acid developed at least 1 SRE at

21 months compared with patients treated with placebo (39% of those treated at

the 4-mg dose [P �0.127] and 36% of those treated at the 8/4-mg dose [P � 0.023],

compared with 46% of those treated with placebo). Furthermore, 4 mg of

zoledronic acid significantly delayed the median time to first SRE (236 days with

4 mg vs. 155 days with placebo; P � 0.009) and significantly reduced the annual

incidence of SREs (1.74 per year with the 4-mg dose vs. 2.71 per year with placebo;
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P � 0.012). Moreover, the 4-mg dose of zoledronic acid was found to reduce the

risk of developing a skeletal event by 31% (hazard ratio of 0.693; P � 0.003).

Zoledronic acid was found to be well tolerated with long-term use; the most

commonly reported adverse events in all treatment groups included bone pain and

the transient, acute-phase reactions of nausea, anemia, and emesis.

CONCLUSIONS. To the authors’ knowledge, zoledronic acid is the first bisphospho-

nate to demonstrate long-term safety and efficacy in this patient population.

Cancer 2004;100:2613–21. © 2004 American Cancer Society.

KEYWORDS: zoledronic acid, bisphosphonate, solid tumors, pulmonary carcinoma,
lung, renal, thyroid, metastasis, bone metastases.

Bone is one of the most common sites of metastasis
in patients with advanced cancer, and metastasis

to bone results in significant skeletal morbidity.1 The
majority of bone metastases arise from such primary
tumors as breast, prostate, thyroid, lung, and kidney
carcinomas.2 At autopsy, up to 52% of patients with
lung carcinoma have evidence of skeletal metastasis.
Moreover, up to 47% of patients with advanced thy-
roid carcinoma and 30% of patients with advanced
renal carcinoma have been clinically diagnosed with
bone metastases.3–5

Metastatic tumor cells colonize the bone matrix and
stimulate the activity of osteoclasts and/or osteoblasts,
causing osteolysis and possible excessive bone forma-
tion around sites of tumor cell deposits in bone. This
disruption in bone metabolism leads to significant skel-
etal morbidity. Common skeletal complications of bone
metastases include bone pain, symptomatic pathologic
fractures, spinal cord compression, and hypercalcemia
of malignancy (HCM). These complications frequently
require surgery to bone to correct fractures or spinal
deformities and radiation to bone to palliate the severe
bone pain that is a hallmark of bone metastases. Pain
from bone metastases is the most frequent form of pain
reported in cancer patients.6

Bisphosphonates are an important class of thera-
peutic agents that inhibit osteoclast-mediated bone
resorption and prevent the aforementioned skeletal
complications. Zoledronic acid (ZOMETA�; Novartis
Pharma AG, Basel, Switzerland/Novartis Pharmaceu-
ticals Corporation, East Hanover, NJ) is a highly po-
tent, nitrogen-containing bisphosphonate previously
shown to be efficacious in the treatment of skeletal
complications in patients with bone metastases sec-
ondary to breast and prostate carcinomas.7,8 However,
to our knowledge, trials of bisphosphonates in the
treatment of skeletal complications from solid tumors
other than carcinomas of the breast or prostate are
limited.

We previously reported the results of a Phase III,
multicenter, randomized, placebo-controlled trial that
established the efficacy and safety of zoledronic acid

in patients with bone metastases secondary to ad-
vanced lung carcinoma and other solid tumors.9 In the
previous report, after 9 months of treatment,
zoledronic acid (given at a dose of 4 mg) was found to
significantly increase the time to first skeletal compli-
cation (median, 230 days vs. 163 days for placebo;
P � 0.023), an important endpoint in this poor prog-
nosis population, and significantly reduced the risk of
developing a skeletal event as determined by multiple-
event analysis (hazard ratio � 0.732; P � 0.017).
Zoledronic acid was well tolerated; the most common
adverse events in all treatment groups included bone
pain, nausea, anemia, and emesis. In the current
study, we report the long-term efficacy and safety
results of this trial after 21 months of continued ther-
apy in patients with advanced carcinoma of the lung
and other solid tumors.

MATERIALS AND METHODS
Details concerning patients and methods have been
described elsewhere9 and are briefly summarized
herein.

Patients
Patients with documented bone metastases secondary
to lung carcinoma and other solid tumors (excluding
breast carcinoma or prostate carcinoma) were eligible
for enrollment. Baseline disease characteristics, bone
density, radiologic examinations, Eastern Cooperative
Oncology Group (ECOG) performance status, and se-
rum and urine chemistries were recorded before the
initiation of treatment. All patients provided written
informed consent. To ensure adequate enrollment of
patients with tumor types other than nonsmall cell
lung carcinoma (NSCLC), patients were stratified ac-
cording to tumor type (NSCLC or other solid tumor)
before randomization to ensure that � 50% of the
patients enrolled had NSCLC. Concurrent antineo-
plastic therapy was allowed at baseline and during the
study, and changes in antineoplastic therapy were
made at the discretion of the investigator.
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Study Design and Treatment
Patients were randomly assigned to receive either
4 mg or 8 mg of zoledronic acid or placebo every
3 weeks for 9 months. Patients who completed this
core phase of the study were given the option to
continue blinded treatment for an additional year, and
the final analysis was performed at 21 months. The
8-mg dose was associated with increases in serum
creatinine in some patients; therefore, protocol
amendments increased the infusion time from 5 min-
utes to 15 minutes and increased the infusate volume
from 50 mL to 100 mL. Subsequently, after all patients
were accrued, because of continued concern regard-
ing safety, the 8-mg dose was reduced to 4 mg (here-
after referred to as the 8/4-mg group). Because of the
heterogeneity of dosing, no efficacy conclusions were
drawn from the zoledronic acid 8/4-mg group. Pa-
tients also were given 500 mg of calcium and 400 IU of
vitamin D as daily supplements.

Statistical Analyses
This study was designed to have 80% power in detect-
ing a 14% difference in the proportion of patients
developing a skeletal-related event (SRE) during the
first 9 months of the study. Originally, 600 patients
were to be enrolled to obtain 570 evaluable patients
(190 patients per treatment group). After a higher than
expected dropout rate (40%) and lower than expected
SRE rate (� 30%) were observed for the first 400 ran-
domized patients, a protocol amendment increased
the sample size. Taking into account the variance in-
cluded in the intent-to-treat patient population, with
an overall type I error rate of 0.05 (2-sided), the in-
creased sample size was determined to be 700 patients
to obtain 663 evaluable patients (221 per treatment
group). All statistical analyses were protocol specified
and were performed on the intent-to-treat population
(which included all randomized patients), all statisti-
cal tests were 2-sided, and all analyses were performed
on the entire 21-month data set. The primary efficacy
analysis was the percentage of patients with � 1 SRE
at 21 months. SREs included pathologic fracture, spi-
nal cord compression, radiation therapy to bone, or
surgery to bone. The percentage of patients with an
SRE was compared between treatment groups using
the Cochran–Mantel–Haenszel test stratified by lung
carcinoma and other solid tumors. HCM was not in-
cluded in the definition of SREs for the primary effi-
cacy analysis because the efficacy of zoledronic acid in
the treatment of HCM has been established previ-
ously.10 However, to evaluate the overall treatment
benefit of zoledronic acid, secondary efficacy analyses
reported herein included HCM.

Secondary efficacy analyses of SREs included time
to first SRE, the annual incidence of SREs (also known
as the skeletal morbidity rate), and multiple-event
analysis. The annual incidence of SREs accounts for all
events that occurred during treatment but does not
take into account the timing of events; therefore, a
multiple-event analysis was performed using the
Andersen-Gill method,11 and the robust estimate of
variance was used to compute P values. The multiple-
event analysis is a comprehensive analysis that con-
siders not only the number of events but also the time
it takes to develop the first and subsequent events,
thereby providing an overall estimate of the clinical
impact of the skeletal complications. For the annual
incidence of SREs and multiple-event analyses, a
21-day event window was used for counting SREs,
such that any event occurring within 21 days of a
previous event was not included in the calculations,
nor was the 21-day interval included in the calcula-
tions of time at risk. This ensured that potentially
interdependent events, such as surgery to repair a
fracture, were not counted as separate SREs, and thus
provided a conservative estimate of SREs. Other sec-
ondary efficacy variables at 21 months included ECOG
performance status, best bone lesion response, time to
progression of bone lesions, changes from baseline in
biochemical markers of bone resorption, time to pro-
gression of overall disease, and survival. Progression of
overall disease was assessed using modified Southwest
Oncology Group (SWOG) criteria by centralized,
blinded, third-party radiologic evaluation. For bone
lesion response, osteoblastic or osteolytic lesions
measuring � 2 cm in greatest dimension were consid-
ered “evaluable” and lesions measuring � 2 cm in
greatest dimension were considered “measurable.” A
complete response for bone lesions was defined as the
resolution/recalcification of all lesions; a partial re-
sponse was defined as a � 50% decrease in the area of
a measurable osteoblastic lesion or a � 30% decrease
of an evaluable osteoblastic lesion, or at least partial
recalcification of � 1 osteolytic lesions and no new
lesions or progression of existing lesions; progressive
disease was defined as the appearance of new lesions
and/or a � 25% increase in the area of an existing
lesion.

Time to first SRE, time to progression of bone
metastases, time to overall disease progression, and
overall survival were compared between treatment
groups using the Kaplan-Meier method and the log-
rank test. The annual incidence of SREs and change
from baseline with regard to ECOG performance
status and biochemical markers of bone resorption
were compared between treatment groups using the
Cochran–Mantel–Haenszel test, stratified by lung
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carcinoma and other solid tumors. All statistical
tests were 2-sided, and significance was assigned at
P � 0.05.

Renal Safety
Because of concerns regarding renal safety, renal
function was evaluated using baseline serum creati-
nine values and was monitored before each adminis-
tration of the study drug. Baseline serum creatinine
levels � 1.4 mg/dL were considered normal. The pro-
tocol-specified criteria for renal function decreases
were a serum creatinine increase of �0.5 mg/dL if the
baseline values were normal, an increase of � 1.0
mg/dL if the baseline values were above normal, or
any increase � 2 times the baseline serum creatinine
value. Time to first serum creatinine increase was
analyzed using Kaplan–Meier estimates and the log-
rank test, and Cox regression analysis with treatment
as the factor.

RESULTS
Patients
Patient demographics and baseline disease character-
istics were previously described in detail9 and are
summarized herein. These were comparable across all
treatment groups. A total of 773 patients with osteo-
lytic, osteoblastic, or mixed bone metastases from
solid tumors other than carcinoma of the breast or
prostate were enrolled. These patients had advanced
stage malignancies representing � 20 tumor types.

Approximately 50% of the enrolled patients had
NSCLC (n � 378), 74 patients (10%) had renal cell
carcinoma, 58 patients (8%) had small cell lung carci-
noma, and approximately 2% of patients each had
either thyroid carcinoma (n � 11) or carcinoma of the
head and neck (n � 17). Unknown and other types of
primary tumors accounted for approximately 7% and
23% of the remaining diagnoses, respectively. The me-
dian age of the patients was approximately 63 years,
and 66% of the patients were male. The majority (ap-
proximately 80%) of patients were being treated with
chemotherapy, 84% had an ECOG performance status
of � 2, and 90% had normal kidney function (serum
creatinine levels � 1.4 mg/dL at baseline). In all treat-
ment groups, the median baseline Brief Pain Inven-
tory composite pain score was approximately 3. The
average time from the initial diagnosis of malignancy
to bone metastasis was approximately 18 months, and
greater than two-thirds of patients (68.5%) had expe-
rienced an SRE before study entry.

As previously reported, the median survival in this
high-risk patient population was only 6 months.9 Of
the 773 patients enrolled, 196 patients completed the
9-month core phase and 101 patients elected to con-

tinue in the extension phase of treatment. Approxi-
mately 25% of these patients in the extension phase
(n � 26) completed 21 months of treatment (Table 1).
Discontinuation rates were similar between the treat-
ment groups; death and adverse events were the most
commonly reported reasons for discontinuation of
therapy.

Skeletal-Related Events
Efficacy analyses are based on a comparison of a dose
of 4 mg of zoledronic acid versus placebo. Treatment
with 4 mg of zoledronic acid reduced the percentage
of patients with an SRE at 21 months; however, as in
the previous report, after 9 months of treatment, this
effect did not reach statistical significance for compar-
ison of 4 mg of zoledronic acid versus placebo when
HCM was excluded (39% vs. 46%; P � 0.127) (Table 2).
However, 4% of patients in the placebo group devel-
oped HCM, compared with no patients in the 4-mg
zoledronic acid group. Consequently, when HCM was

TABLE 1
Patient Disposition by Treatment Group

Disposition

Patients, no. (%)

Zoledronic acid,
4 mg

Zoledronic acid,
8/4 mg Placebo

Randomized 257 266 250
Evaluable for safety 254 265 247
Discontinued 212 (84)a 222 (84)a 211 (85)a

Completed core phase 68 (27)a 65 (25)a 63 (25)a

Entered extension phase 34 32 35
Completed extension phase 8 (24)b 10 (31)b 8 (23)b

a Percentage of randomized patients.
b Percentage of patients who entered extension phase.

TABLE 2
Incidence of Skeletal Complications by Treatment Group

Skeletal complication

Patients, no. (%)

Zoledronic acid,
4 mg (n � 257)

Zoledronic acid,
8/4 mg
(n � 266)

Placebo
(n � 250)

Any SRE (� HCM) 100 (39) 95 (36)a 114 (46)
Any SRE (�HCM) 100 (39)a 96 (36)a 120 (48)
Radiation to bone 74 (29) 73 (27) 86 (34)
Pathologic fractures 40 (16) 32 (12)a 55 (22)
Surgery to bone 11 (4) 14 (5) 13 (5)
Spinal cord compression 8 (3) 7 (3) 10 (4)
HCM 0 (0)a 3 (1) 9 (4)

SRE: skeletal-related event; HCM: hypercalcemia of malignancy.
a P � 0.05 versus placebo.
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counted as an SRE, the 4-mg zoledronic acid dose was
found to significantly reduce the proportion of pa-
tients with an SRE compared with placebo (39% vs.
48%; P � 0.039). Moreover, treatment with zoledronic
acid consistently reduced all types of skeletal compli-
cations. Radiation to bone was the most common type
of SRE in all treatment groups, followed by pathologic
fractures (Table 2).

Treatment with 4 mg of zoledronic acid also de-
layed the onset of skeletal complications (Fig. 1A),
significantly extending the median time to first SRE
(including HCM) by � 2 months (median, 236 days for
4 mg of zoledronic acid vs. 155 days for placebo;
P � 0.009). Furthermore, zoledronic acid (at a dose of
4 mg) significantly extended the time to first patho-
logic fracture compared with placebo (25% quartile
� 294 days for the 4-mg zoledronic acid dose vs. 161
days for placebo; P � 0.020) (Fig. 1B). The medians
were not reached in any treatment group.

The annual incidence of skeletal complications is
expressed as the number of SREs divided by time on
study. Patients treated with 4 mg of zoledronic acid
were reported to have a 36% lower annual incidence of
SREs (including HCM) compared with patients treated
with placebo (mean of 1.74 SREs per year for the 4-mg
zoledronic acid dose vs. mean of 2.71 SREs per year for
placebo; P � 0.012). Patients treated with the 8/4-mg

zoledronic acid dose had a mean of 1.56 SREs per year
(P � 0.001 vs. placebo).

Multiple-event analysis accounts both for the ab-
solute number of SREs and for the timing between
them to provide a more sensitive assessment of the
risk of skeletal complications between the two treat-
ment groups. The hazard ratio for the 4-mg zoledronic
acid dose versus placebo was 0.693 (95% confidence
interval [95% CI], 0.542– 0.886; P � 0.003), represent-
ing a 31% reduction in the risk of developing an SRE
(including HCM) for a patient treated with 4 mg of
zoledronic acid compared with placebo (Fig. 2). These
results were consistent with those observed at
9 months.9

Skeletal-Related Efficacy Results for the 8/4-Mg Dose
Group
Efficacy conclusions were not drawn from the 8/4-mg
zoledronic acid dose group because of the heteroge-
neity of the dose; however, the results are presented in
the current study for completeness. Significantly fewer
patients treated at the 8/4-mg dose of zoledronic acid
experienced an SRE compared with placebo-treated
patients (Table 2). Similar to the 4-mg group, treat-
ment with the 8/4-mg zoledronic acid dose was found
to delay the time to first SRE significantly (median, 219
days for the 8/4-mg zoledronic acid dose vs. 155 days
for placebo; P � 0.017). Patients in the 8/4-mg dose
group also experienced a significantly reduced annual
incidence of SREs compared with patients treated
with placebo (1.56 SREs per year vs. 2.71 SREs per year
for placebo; P � 0.001), as well as a significantly re-
duced risk of developing an SRE compared with pla-
cebo (hazard ratio, 0.676; 95% CI, 0.524 – 0.873;
P � 0.003).

FIGURE 1. Zoledronic acid significantly extended (A) the time to first skeletal

complication compared with placebo and (B) the time to first pathologic

fracture compared with placebo. NR: no response.

FIGURE 2. Zoledronic acid significantly reduced the risk of developing a

skeletal complication. Multiple-event analysis incorporated both the number

and timing of skeletal-related events to provide a between-group hazard ratio

of the risk of developing a skeletal complication. A hazard ratio of � 1

represents a decreased risk.

Zoledronic Acid for Skeletal Metastases/Rosen et al. 2617



Other Secondary Efficacy Endpoints
Additional efficacy endpoints included the change
from baseline with regard to ECOG performance sta-
tus, biochemical markers of bone metabolism, bone
lesion response, bone lesion progression, overall dis-
ease progression, and survival. Mean ECOG scores
increased from baseline in all treatment groups (in
which an increased ECOG score indicates worsening
performance status); however, there was a trend to-
ward a smaller increase in ECOG scores at the end of
the study for the 4-mg dose of zoledronic acid versus
placebo. At 21 months, the mean increase in the ECOG
performance status was 0.99 � 1.20 for the 4-mg
zoledronic acid dose and 1.20 � 1.22 for placebo
(P � 0.080).

Biochemical markers of bone resorption tended to
remain stable or increase slightly from baseline in
patients treated with placebo; however, in patients
treated with 4 mg of zoledronic acid, urinary levels of
N-telopeptide and deoxypyridinoline decreased sig-
nificantly from baseline. Urinary levels of N-telopep-
tide, which have been shown to be extremely sensitive
measures of bone resorption when corrected by uri-
nary creatinine levels, are depicted in Figure 3.12 Lev-
els of pyridinoline were found to decrease slightly
from baseline at the beginning of the study in patients
treated with 4 mg of zoledronic acid, but slowly re-
bounded to approximately 5% below baseline after
21 months of treatment. Bone alkaline phosphatase, a
biochemical marker of bone formation, increased over
time in patients treated with placebo but remained
steady or slightly below baseline levels in patients
treated with 4 mg of zoledronic acid. Bone lesion
response was reported to be improved slightly in pa-
tients treated with zoledronic acid (Table 3), and the

median times to progression of bone lesions and over-
all disease progression were longer in the 4-mg
zoledronic acid dose group compared with the pla-
cebo group but did not achieve statistical significance
(Table 4). Treatment with zoledronic acid did not ap-
pear to significantly improve survival compared with
placebo (Table 4).

Safety
Zoledronic acid given at a dose of 4 mg was found to
be safe and well tolerated with long-term administra-
tion. The most commonly reported adverse events in
all treatment groups were bone pain, nausea, anemia,
emesis, constipation, and dyspnea (Table 5). Patients
treated with zoledronic acid reported bone pain less
frequently than patients treated with placebo. As ex-
pected, the known symptoms of the acute phase, tran-
sient reactions associated with intravenous bisphos-
phonates (namely nausea, emesis, dyspnea, and
headache) were reported more frequently in the
zoledronic acid treatment groups compared with the

FIGURE 3. Zoledronic acid immediately and consistently reduced urinary

N-telopeptide/creatinine ratios, a sensitive biomarker of bone resorption. This

difference was found to be statistically significant (P � 0.05) for a dose of 4 mg

of zoledronic acid by Month 1 and remained significant throughout the course

of the study compared with placebo. aN-telopeptide/serum creatinine ratio.

TABLE 3
Best Bone Lesion Response by Treatment Group

Best responsea

Patients, no. (%)

Zoledronic acid,
4 mg (n � 257)

Zoledronic acid,
8/4 mg (n � 266)

Placebo
(n � 250)

Complete response 0 (0) 0 (0) 0 (0)
Partial response 21 (8) 28 (11) 11 (4)
Stable disease 55 (21) 50 (19) 49 (20)
Disease progression 86 (33) 74 (28) 90 (36)
Unknown 95 (37) 114 (43) 100 (40)

a There were no statistically significant differences noted between the treatment groups with regard to

best bone lesion response.

TABLE 4
Time to Disease Progression and Survival by Treatment Group

Zoledronic acid,
4 mg (n � 257)

Zoledronic acid,
8/4 mg
(n � 266)

Placebo
(n � 250)

Median time to progression
of bone lesions, days 145.0 238.0 109.0

P value vs. placebo 0.415 0.021 —
Median time to progression

of disease, days 89.0 91.0 84.0
P value vs. placebo 0.089 0.007 —
Median time to death,

daysa 202.5 189.0 183.0
P value vs. placebo 0.929 0.445 —

a The numbers of evaluable patients for survival were 254 in the 4-mg zoledronic acid dose group, 265

in the 8/4-mg zoledronic acid dose group, and 247 in the placebo group.
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placebo group. The majority of these events were mild
to moderate in severity, easily managed with support-
ive care, and were similar in incidence to those re-
ported at 9 months.

Decreases in renal function was assessed based on
increases in serum creatinine. After the 15-minute
infusion amendment, the percentage of patients with
increased serum creatinine was 10.9% for the 4-mg
zoledronic acid dose and 12.7% for the 8/4-mg
zoledronic acid dose versus 6.7% for placebo. Based
on Kaplan–Meier estimates of time to first serum cre-
atinine increase (Fig. 4), there was a moderate risk of
increased serum creatinine for the 4-mg zoledronic
acid group compared with placebo (hazard ratio
� 1.587); however, this increase did not reach statis-
tical significance (P � 0.228). The 8/4-mg dose was
associated with a greater risk (hazard ratio � 1.945) of
elevated serum creatinine. Although this difference
also did not achieve statistical significance (P � 0.070
vs. placebo), because of concerns over renal function,
the 8-mg dose is not recommended and only the 4-mg
dose is approved for clinical use. After the 15-minute
infusion amendment, the rate of NCI Common Tox-

icity Criteria Grade 3 or 4 serum creatinine increases
was 1.8% for the 4-mg zoledronic acid group, 1.1% for
the 8/4-mg zoledronic acid group, and 1.8% for the
placebo group.

DISCUSSION
The skeletal complications from bone metastases re-
sult in significant pain and impaired mobility for pa-
tients. To our knowledge, zoledronic acid is the first
and only bisphosphonate shown to have broad effi-
cacy in the treatment of bone metastases from all
malignancies, including lung carcinoma and other
solid tumor types. Patients treated with zoledronic
acid at a dose of 4 mg experienced fewer skeletal
complications and had a significantly delayed onset of
complications and a significantly reduced annual in-
cidence of skeletal complications. Furthermore, mul-
tiple-event analysis revealed that patients treated with
4 mg of zoledronic acid had a 31% reduced risk of
developing skeletal complications compared with pa-
tients who received placebo. These data confirm and
extend the results previously reported at 9 months
with a longer treatment duration. At 9 months, 38% of
the patients treated with 4 mg of zoledronic acid ex-
perienced an SRE compared with 44% of those pa-
tients treated with placebo (P � 0.127); the median
time to first SRE was extended by 67 days for the
patients treated with 4 mg of zoledronic acid com-
pared with the patients treated with placebo (P
� 0.023), and the risk of developing an SRE was re-
duced by 27% for the patients treated with 4 mg of
zoledronic acid versus those treated with placebo
(hazard ratio � 0.732; P � 0.017).9 Thus, zoledronic
acid demonstrates continuing clinical benefit with
long-term administration in this patient population.

One criticism of the current study has been its

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

Adverse event

Patients, no. (%)

Zoledronic acid,
4 mg (n � 254)

Zoledronic acid,
8/4 mg
(n � 265)

Placebo
(n � 247)

Bone pain 130 (51.2) 135 (50.9) 150 (60.7)
Nausea 124 (48.8) 112 (42.3) 90 (36.4)
Anemia, NOS 97 (38.2) 88 (33.2) 86 (34.8)
Emesis, NOS 96 (37.8) 88 (33.2) 75 (30.4)
Constipation 91 (35.8) 82 (30.9) 94 (38.1)
Dyspnea, NOS 90 (35.4) 98 (37.0) 74 (30.0)
Fatigue 82 (32.3) 81 (30.6) 74 (30.0)
Weakness 74 (29.1) 72 (27.2) 70 (28.3)
Pyrexia 69 (27.2) 74 (27.9) 58 (23.5)
Anorexia 62 (24.4) 67 (25.3) 66 (26.7)
Aggravated malignant

neoplasm 61 (24.0) 77 (29.1) 64 (25.9)
Edema lower limb 60 (23.6) 57 (21.5) 52 (21.1)
Cough 52 (20.5) 46 (17.4) 43 (17.4)
Diarrhea, NOS 44 (17.3) 51 (19.2) 47 (19.0)
Insomnia, NEC 44 (17.3) 38 (14.3) 34 (13.8)
Dehydration 43 (16.9) 53 (20.0) 43 (17.4)
Headache, NOS 43 (16.9) 39 (14.7) 27 (10.9)
Dizziness (except

vertigo) 39 (15.4) 28 (10.6) 31 (12.6)
Arthralgia 37 (14.6) 47 (17.7) 42 (17.0)
Weight decreased 37 (14.6) 54 (20.4) 33 (13.4)
Myalgia 30 (11.8) 40 (15.1) 32 (13.0)

NOS: not otherwise specified; NEC: not elsewhere classified.

FIGURE 4. The renal safety profile of 4 mg of zoledronic acid was found to

be comparable to that of placebo. Kaplan–Meier estimates of the time to first

serum creatinine increase after the administration of the study drug after a

15-minute infusion amendment for doses of 4 mg and 8 mg of zoledronic acid

and placebo are shown.
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failure to achieve statistical significance for the pri-
mary endpoint. This study was powered based on the
assumption of a larger incidence of SREs than actually
occurred in the placebo group when HCM was ex-
cluded as an SRE. However, HCM is a potentially
life-threatening skeletal complication of bone metas-
tases that occurs frequently in patients with carcino-
mas of the lung and kidney and other solid tumors.2 In
the current study, HCM was completely prevented in
the group of patients treated with 4 mg of zoledronic
acid but occurred in 4% of the patients treated with
placebo. Therefore, including HCM as a skeletal com-
plication provides a more clinically relevant assess-
ment of the efficacy of zoledronic acid. When HCM
was included as an SRE in the analysis, zoledronic acid
significantly reduced the percentage of patients who
developed an SRE. Moreover, the percentage of pa-
tients who experienced a skeletal complication is a
conservative endpoint that may not be as clinically
relevant as other endpoints (such as time to first SRE)
in this population of patients with a poor prognosis. In
the current study, the Kaplan–Meier event curves of
time to first SRE demonstrated early and consistent
separation between the treatment groups, leading to a
delay of nearly 3 months in the onset of skeletal com-
plications for patients treated with zoledronic acid
compared with those treated with placebo. Moreover,
multiple-event analysis applying a conservative
21-day window to avoid multiple counting of interre-
lated SREs demonstrated that treatment with 4 mg of
zoledronic acid resulted in a 31% reduction in the risk
of developing an SRE. Therefore, time to SRE and
multiple-event analyses may be more clinically mean-
ingful endpoints than the percentage of patients with
a skeletal complication in a patient population with a
median survival of only 6 months.

Overall, the analysis of all preplanned endpoints
assessing SREs revealed that patients treated with
4 mg of zoledronic acid experienced fewer skeletal
complications, went significantly longer without expe-
riencing a skeletal complication, and had a signifi-
cantly reduced risk of developing a skeletal complica-
tion compared with the placebo group. To our
knowledge, zoledronic acid is the first bisphosphonate
to demonstrate this efficacy in a broad range of tumor
types. It is important to note that treatment with
zoledronic acid also prevented the development of
HCM, which can have a sudden, unexpected onset
and potentially fatal consequences in this end-stage
population. Zoledronic acid not only exhibited these
effects from the time of the initiation of therapy, but
maintained consistent, long-term benefits over the
course of 21 months of treatment. It is interesting to
note that greater than two-thirds of patients enrolled

in the current study had experienced a skeletal com-
plication before entry onto the study, and these pa-
tients had very advanced disease with a short median
survival. Therefore, treatment with zoledronic acid at
the first sign of skeletal metastases may provide
greater clinical benefit and improved quality of life for
patients with advanced malignancies.

Most important, the long-term administration of
4 mg of zoledronic acid was well tolerated. After the
administration of 4 mg of zoledronic acid every
3 weeks for 21 months, the profile of clinical adverse
events was similar to that of placebo and was consis-
tent with that of other intravenously administered
bisphosphonates. Moreover, the incidence of serious
adverse events was similar between groups. It is inter-
esting to note that when 4 mg of zoledronic acid was
infused over 15 minutes, the risk of elevated serum
creatinine was increased only moderately compared
with that of placebo and there was no significant dif-
ference with regard to the rate of Grade 3 or Grade 4
serum creatinine elevation for the patients treated
with zoledronic acid versus those treated with pla-
cebo.

In the current study, a dose of 4 mg of zoledronic
acid was shown to be safe and highly effective in
preventing skeletal complications and can be admin-
istered safely as long-term therapy to patients with
bone metastases from a broad range of primary tu-
mors. Moreover, in addition to this demonstrated ef-
ficacy, the 15-minute infusion time of zoledronic acid
makes it more convenient to administer than other
intravenous bisphosphonates. We believe that the cur-
rent study, along with a previous Phase III trial of
zoledronic acid in patients with advanced prostate
carcinoma,8 has dramatically expanded the number of
cancer patients who can be helped with bisphospho-
nate therapy, especially when administered at the
time of the first occurrence of skeletal metastasis.
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