
Zoledronic Acid Is Superior to Pamidronate for the
Treatment of Bone Metastases in Breast Carcinoma
Patients with at Least One Osteolytic Lesion

Lee S. Rosen, M.D.
1

David H. Gordon, M.D.
2

William Dugan, Jr., M.D.
3

Pierre Major, M.D.
4

Peter D. Eisenberg, M.D.
5

Louise Provencher, M.D.
6

Mary Kaminski, M.D.
7

Joe Simeone, M.D.
8

John Seaman, Pharm.D.
9

Bee-Lian Chen, Ph.D.
9

Robert E. Coleman, M.D.
10

1 Cancer Institute Medical Group, Santa Monica,
California.

2 Department of Medical Oncology/Hematology,
U.S. Oncology, San Antonio, Texas.

3 Community Cancer Care, Indianapolis, Indiana.

4 Hamilton Regional Cancer Centre, Hamilton, On-
tario, Canada.

5 California Cancer Care, Greenbrae, California.
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BACKGROUND. Treatment with zoledronic acid (Zol) was compared with a dose of

90 mg of pamidronate (Pam) in breast carcinoma (BC) patients with at least 1

osteolytic lesion based on data from a Phase III, randomized trial.

METHODS. Overall, 1130 patients with breast carcinoma who had all types of bone

metastases (osteolytic, mixed, or osteoblastic by radiology) were randomized to

receive treatment with either 4 mg of Zol or 8 mg of Zol as a 15-minute infusion or

90 mg of Pam as a 2-hour infusion every 3– 4 weeks for 12 months. A skeletal-

related event (SRE) was defined as a pathologic fracture, spinal cord compression,

radiotherapy, or surgery to bone.

RESULTS. Among all patients with BC, the proportion of those who had an SRE

(primary endpoint) was comparable between treatment groups (43% of patients

who received 4 mg of Zol vs. 45% of patients who received Pam). Among patients

who had breast carcinoma with at least 1 osteolytic lesion (n � 528 patients), the

proportion with an SRE was lower in the 4-mg Zol group compared with the Pam

group (48% vs. 58%), but this did not reach statistical significance (P � 0.058). The

time to first SRE was significantly longer in the 4-mg Zol group compared with the

Pam group (median, 310 vs. 174 days; P � 0.013). Moreover, multiple-event

analysis demonstrated significant further reductions in the risk of developing SREs

over the reduction achieved with Pam (30% in the osteolytic subset [P � 0.010] and

20% for all patients with BC [P � 0.037]).

CONCLUSIONS. The current data indicate that treatment with 4 mg of Zol was more

effective than 90 mg of Pam in reducing skeletal complications in a subset of

patients with breast carcinoma who had at least 1 osteolytic lesion at study entry.
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Bone metastases are a common cause of skeletal
morbidity in patients with advanced breast carci-

noma. Among women with advanced metastatic
breast carcinoma, approximately 65–75% will develop
bone metastases.1 Bone metastases are associated
with a variety of skeletal complications, including
bone pain, pathologic fractures, and spinal cord com-
pression, which complicate the clinical course and
adversely affect quality of life. Therefore, the goals of
treatment for bone metastases are to reduce pain and
morbidity and to improve quality of life. Current pal-
liative therapy for patients with bone metastases in-
cludes primarily external beam radiotherapy, radionu-
clides, and bisphosphonates. Bisphosphonates are
potent inhibitors of osteoclast-mediated bone resorp-
tion and have been shown to reduce tumor-induced
osteolysis in patients with malignant bone disease.

Pamidronate (90 mg as a 2-hour infusion every
3– 4 weeks) has been shown to reduce the occurrence
and delay the onset of skeletal complications signifi-
cantly for up to 2 years compared with placebo in
patients with breast carcinoma and at least 1 osteo-
lytic bone lesion at study entry, as determined by
radiologic appearance.2–5 When those studies of pam-
idronate originally were designed, it was assumed
generally that bisphosphonates would have the great-
est clinical benefit in patients with radiologic evidence
of tumor-induced osteolysis. This hypothesis was
based on the mechanism of action and evidence of
efficacy in diseases such as multiple myeloma, which
is associated with predominantly osteolytic lesions.
Consequently, patients with breast carcinoma were
selected for these studies based on the radiologic ap-
pearance of their bone metastases (i.e., only patients
with one or more predominantly osteolytic lesion[s]
were enrolled). However, bone metastases associated
with breast carcinoma typically span a continuum
from osteolytic to osteoblastic.6 Some lesions may
have a mixed radiologic appearance or may be pre-
dominantly osteoblastic, similar to those associated
with prostate carcinoma.7 Physiologically, however,
these lesions are not so dissimilar. Recent evidence
suggests that osteoblastic lesions also have a strong
lytic component, as evidenced by dramatic elevation
of bone resorption markers.8 –10 Therefore, a recently
completed comparative trial of zoledronic acid versus
pamidronate in patients with advanced breast carci-
noma included patients with osteolytic, mixed, or os-
teoblastic lesions.

Zoledronic acid (ZOMETA�; Novartis Pharma AG,
Basel, Switzerland; Novartis Pharmaceuticals Corpo-
ration, East Hanover, NJ) is a new bisphosphonate
that has demonstrated greater potency than pamid-
ronate or other commercially available bisphospho-

nates in several preclinical models of bone resorp-
tion.11 Zoledronic acid also has demonstrated greater
clinical activity in the treatment of moderate-to-severe
hypercalcemia of malignancy (HCM); a single dose of
zoledronic acid (4 mg or 8 mg) was significantly more
effective than 90 mg of pamidronate at normalizing
corrected serum calcium.12 In the international, ran-
domized, comparative study of zoledronic acid versus
pamidronate in 1648 patients with advanced breast
carcinoma and multiple myeloma, 4 mg of zoledronic
acid (as a 15-minute infusion) was as effective as 90 mg
of pamidronate (as a 2-hour infusion) in the overall
efficacy analysis, with a similar safety profile.13 This large
data base provided the opportunity to examine the clin-
ical benefit of zoledronic acid in various patient subsets.
Therefore, an analysis of the breast carcinoma strata (n
� 1130 patients) was performed, and patients were sub-
divided based on the radiologic appearance of their
bone metastases (i.e., patients with at least 1 osteolytic
lesion or nonlytic lesions at study entry) to determine
how zoledronic acid compared with pamidronate in a
patient population similar to that of the original place-
bo-controlled pamidronate studies in patients with
breast carcinoma.

MATERIALS AND METHODS
Patients
Adult patients (age � 18 years) with breast carcinoma
and at least 1 bone metastasis were eligible. Eligible
patients were required to have an Eastern Cooperative
Oncology Group performance status � 2 at study en-
try. Patients were excluded if they had received treat-
ment with bisphosphonates at any time during the
12 months before the screening visit or had hypercal-
cemia (corrected serum calcium � 12 mg/dL) at study
entry. Patients with serum creatinine levels � 3 mg/dL
(265 �mol/L) or bilirubin levels � 2.5 mg/dL (43
�mol/L) also were excluded. All patients provided
written informed consent.

Study Design
The details of study conduct have been reported pre-
viously.13 This was an international, randomized, dou-
ble-blind study. Patients were randomized to receive
treatment with zoledronic acid (4 mg or 8 mg) or
pamidronate (90 mg) as an intravenous infusion. In-
fusions were administered every 3– 4 weeks (depend-
ing on the scheduling of other antineoplastic treat-
ments) for 12 months. Before randomization, patients
with breast carcinoma were stratified according to the
type of antineoplastic therapy they were receiving at
study entry: either chemotherapy (with or without
hormone therapy) or first-line or second-line hor-
mone therapy for metastatic disease. Based on a pro-
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tocol amendment in June 1999, zoledronic acid was
infused over 15 minutes in 100 mL of hydration solu-
tion (0.9% sodium chloride or 5% glucose solution).
Pamidronate was infused over 2 hours in 250 mL of
hydration solution. A subsequent protocol amend-
ment in June 2000, as a result of concerns over renal
safety at the higher dose level, required patients orig-
inally randomized to receive 8 mg of zoledronic acid
to receive 4 mg of zoledronic acid instead; this arm is
referred to hereafter as the 8/4-mg arm. Thereafter,
serum creatinine was monitored before each subse-
quent dose of study drug. All patients received a daily
500-mg calcium supplement and a multivitamin tablet
containing 400 –500 IU vitamin D for the duration of
the study.

Skeletal-related events (SREs) were assessed at
each visit and were defined as pathologic fractures,
spinal cord compression, surgery to bone, and radio-
therapy to bone. HCM was not included as a skeletal
event in the primary efficacy analysis but was included
in the analysis of SREs for secondary endpoints.

Sample Size Calculation and Statistical Analysis
The objective of this study was to demonstrate the
noninferiority of zoledronic acid treatment compared
with pamidronate in preventing SREs in patients with
cancer-related bone lesions. The study was designed
to have an 80% chance in meeting the noninferiority
margin of 8% under the alternative assumption that
the primary efficacy variable was 50% in both arms.
The calculated sample size was 1470; therefore, a sam-
ple size of 1509 was planned for the study to account
for patients who were ineligible or otherwise were
excluded from the intent-to-treat analysis.

The primary efficacy endpoint was the proportion
of patients who experienced at least 1 SRE during the
13 months on study. The primary endpoint was cho-
sen based on statistical analyses demonstrating that
the proportion of patients with an SRE is a conserva-
tive and statistically rigorous endpoint for assessing
the clinical benefit of bisphosphonate therapy, be-
cause it is not affected by variability in the pattern of
events or changing event rates over time within the
study population.14 Secondary efficacy variables in-
cluded the time to first SRE, the skeletal morbidity rate
(SMR), and a multiple-event analysis. The Cox regres-
sion model was used for time-to-event variables. The
Cochran–Mantel–Haenszel test with modified RIDIT
scores was used for analysis of the SMR. Multiple-
event analysis was performed using the Andersen–Gill
method,15 and the robust estimate of variance was
used to compute P values. For SMR and multiple-
event analysis, a 21-day event window was used for
counting SREs, such that any event occurring within

21 days of a previous event was not counted. This
ensured that linked events, such as surgery to repair a
fracture, occurring within 21 days of a previous event
were not counted as separate SREs. These additional
analyses were performed using the SRE endpoint with
and without inclusion of HCM.

For all efficacy variables analyzed, only the 4-mg
zoledronic acid arm was used to assess the effective-
ness of treatment with zoledronic acid versus pamid-
ronate. Statistical comparisons between zoledronic
acid (8/4 mg) and zoledronic acid (4 mg) or pamid-
ronate are not reported, because the 8/4-mg dose
group was not homogeneous with regard to the dose
delivered. Adverse events and laboratory data were
summarized by treatment group. All treatment groups
were included in the safety analysis.

Subset Analysis
For the purposes of the retrospective subgroup anal-
ysis, patients with breast carcinoma were separated
into two subgroups based on the radiologic appear-
ance of their bone lesions at study entry (as assessed
by a central radiologist): those with at least one osteo-
lytic lesion (the lytic subgroup) and those without any
osteolytic lesions—that is, those with mixed, primarily
osteoblastic, or unknown lesions (the nonlytic sub-
group). All analyses in this report were stratified by
lytic or nonlytic subgroup. An osteoblastic lesion was
defined as any lesion in which the entire radiodensity
was greater than adjacent nonmetastatic bone on con-
ventional radiographs, an osteolytic lesion was de-
fined as any lesion in which � 50% (by area) of the
lesion had a radiodensity less than adjacent nonmeta-
static bone on conventional radiographs, and a mixed
lesion was defined as any focal metastatic lesion that
fit neither of those definitions.

RESULTS
Patients
A total of 1130 patients with advanced-stage breast
carcinoma and at least 1 bone metastasis were en-
rolled between October 1998 and December 1999. Pa-
tients were randomized to receive treatment with 4 mg
of zoledronic acid (n � 378 patients), 8/4 mg of
zoledronic acid (n � 364 patients), or 90 mg of pamidr-
onate (n � 388 patients). Approximately 60% of all pa-
tients with breast carcinoma completed 12 months of
therapy, with a higher proportion of patients in the hor-
mone therapy stratum completing the study. The mean
treatment duration was approximately 10 months and
was similar between treatment groups.

Demographic and baseline disease characteristics
for all breast carcinoma patients are shown in Table 1.
The distribution of patients according to the type of
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bone lesion was fairly equal; 47% of patients had at
least 1 osteolytic lesion (lytic subgroup). The median
age was 58 years, and the majority of patients (� 80%)
had a good Eastern Cooperative Oncology Group per-
formance status (0 or 1) at study entry. The mean time
from diagnosis to study entry was approximately
6 years and was approximately 10 months longer for
patients in the hormone therapy stratum. Approxi-
mately 60% of patients had experienced an SRE before
study entry. Greater than 95% of patients had normal
serum creatinine levels (� 1.4 mg/dL) at baseline.
Treatment groups were well balanced with respect to
all baseline disease characteristics.

Baseline prognostic factors, including prior SREs,
number of bone lesions, and N-telopeptide/creatinine
ratio at study entry, were examined for each subgroup
of patients (i.e., lytic or nonlytic). These factors gen-
erally were balanced well between treatment groups in
both the lytic subgroup and the nonlytic subgroup
(Table 2), although a slightly higher percentage of
pamidronate-treated patients with lytic lesions had a
prior SRE (75%) compared with the zoledronic acid-
treated patients with lytic lesions. Overall, patients in
the lytic subgroup had more extensive bone involve-

ment compared with the nonlytic subgroup (median,
4 lesions vs. 3 lesions at baseline), and a higher per-
centage of patients in the lytic subgroup had experi-
enced SREs before study entry compared with the
nonlytic subgroup.

SREs
Among all breast carcinoma patients, the proportion
with an SRE during the 13 months of the trial was
similar between treatment groups (43% in the 4-mg
zoledronic acid group, 45% in the 8/4-mg zoledronic
acid group, and 45% in the pamidronate group). How-
ever, within the lytic subgroup, 4 mg zoledronic acid
yielded an additional 17% relative reduction in the
proportion of patients with an SRE compared with
pamidronate (48% vs. 58% in the pamidronate group),
although this did not reach statistical significance
(P � 0.058). The proportion of patients with an SRE
according to the type of bone lesion is shown in Figure
1. Among patients with no lytic lesions, fewer patients
had an SRE, and zoledronic acid was comparable to
pamidronate.

Within the lytic subgroup, zoledronic acid dem-
onstrated a statistically significant clinical benefit
compared with pamidronate in several protocol-spec-
ified secondary efficacy analyses. Figure 2 shows that
treatment with 4 mg of zoledronic acid significantly
prolonged the time to first SRE compared with pam-
idronate (median, 310 days vs. 174 days, respectively;
P � 0.013) in the lytic subgroup (Fig. 2A) and was
comparable to pamidronate in the nonlytic subgroup
(Fig. 2B). Treatment with 4 mg of zoledronic acid also
significantly reduced the annual incidence of skele-
tal events compared with pamidronate (mean, 1.2
events per year vs. 2.4 events per year, respectively;
P � 0.008) in the lytic subgroup (Table 3). The SMR
was substantially lower in the nonlytic subgroup
compared with the lytic subgroup and was compa-
rable between treatment groups.

Multiple-Event Analysis
Multiple-event analysis captures data on all clinically
relevant SREs and the time to each event, thus pro-
viding a comprehensive assessment of skeletal morbid-
ity. When this analysis was applied to all 1130 breast
carcinoma patients who were enrolled in this study, it
demonstrated a 20% additional reduction in the risk of
skeletal events (hazard ratio, 0.801; P � 0.037) for pa-
tients who were treated with 4 mg of zoledronic acid
compared with pamidronate (Fig. 3). In patients with
lytic lesions, the benefit of zoledronic acid was even
greater compared with pamidronate. Treatment with 4
mg of zoledronic acid resulted in an additional 30%
reduction in the risk of skeletal events compared with

TABLE 1
Patient and Baseline Disease Characteristics by Treatment Group
(Intent-to-Treat Population)

Characteristic

No. of patients (%)

Zolendronic acid

Pamidronate
(n � 388)

Total
(n � 1130)

4 mg
(n � 378)

8/4 mg
(n � 364)

Median age (yrs) 58 58 56 —
Lesion type

Lytic 190 (50) 176 (48) 162 (42) 528 (47)
Nonlytic 188 (50) 188 (52) 226 (58) 602 (53)

Primary therapy
Chemotherapy 178 (47) 172 (47) 181 (47) 531 (47)
Hormone therapy 200 (53) 192 (53) 207 (53) 599 (53)

Time since diagnosis
(mos)a 78 � 67 78 � 75 71 � 62 —

ECOG status
0–1 328 (87) 311 (85) 316 (81) 955 (85)
� 2 49 (13) 52 (14) 70 (18) 171 (15)

BPI composite pain scorea 3.0 � 2.2 3.1 � 2.3 3.1 � 2.2 —
Previous SRE

No 145 (38) 157 (43) 143 (37) 445 (39)
Yes 232 (61) 206 (57) 244 (63) 682 (60)

Baseline serum creatinine
Normal (� 1.4 mg/dL) 364 (96) 349 (96) 368 (95) 1081 (96)
Abnormal (� 1.4 mg/dL) 11 (3) 11 (3) 15 (4) 37 (3)

ECOG: Eastern Cooperative Oncology Group; BPI: Brief Pain Inventory; SRE: skeletal-related event.
a Mean � standard deviation.
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pamidronate (hazard ratio, 0.704; P � 0.010). The results
were similar when HCM was included in the analysis of
SREs.

Bone Markers
Analysis of urinary markers of bone resorption, in-
cluding the N-telopeptide/creatinine ratio, showed a
consistent suppression of bone resorption regardless
of the type of bone lesion. The median percent change
from baseline N-telopeptide excretion was approxi-
mately 60% across all treatment groups and sub-
groups.

Safety
The most commonly reported adverse events (all
grades) in all treatment groups were bone pain, nau-
sea, fatigue, emesis, and fever (Table 4), and the inci-
dence of the most commonly reported adverse events
was similar between treatment groups. The incidence

of adverse events also was comparable between the
lytic and nonlytic subgroups. Notably, the proportion
of patients in each treatment group with elevated se-
rum creatinine (defined as a change from baseline of
� 0.5 mg/dL for patients with normal baseline serum
creatinine [� 1.4 mg/dL], a change from baseline of
� 1.0 mg/dL for patients with abnormal baseline se-
rum creatinine, or at least 2 times baseline value) was
7.7% for patients who were treated with 4 mg
zoledronic acid as a 15-minute infusion versus 6.0% in
the pamidronate group. A larger proportion of pa-
tients in the 8/4-mg group had elevated serum creat-
inine (11.9%), even with a 15-minute infusion time;
therefore, the 8-mg dose is not recommended.

DISCUSSION
It has been shown that pamidronate (90 mg) signifi-
cantly reduced the incidence and delay the onset of
SREs compared with placebo in patients with breast
carcinoma and 1 or more predominantly osteolytic
lesions at study entry.2–5 Based on these data, pamid-
ronate became the standard of care for the treatment
of breast carcinoma patients with bone metastases.16

The population of patients enrolled in the original
pamidronate studies had predominantly osteolytic
disease. However, bone metastases associated with
breast carcinoma typically span a continuum from
osteolytic to osteoblastic. Therefore, zoledronic acid
was compared with pamidronate in breast carcinoma
patients with all types of bone lesions in the largest
study ever conducted in this patient population. The
original report of this study, which enrolled 1648 pa-
tients with advanced breast carcinoma and multiple
myeloma, demonstrated the noninferiority of 4 mg of
zoledronic acid compared with 90 mg of pamidr-
onate.13

Because the original pamidronate studies were
conducted separately in patients with breast carci-
noma, it was of interest to evaluate the efficacy of
zoledronic acid in a similar patient population. This

TABLE 2
Distribution of Baseline Prognostic Factors among Patients in the Lytic Subgroup versus Patients in the Nonlytic Subgroup

Factor

Zoledronic acid 4 mg
(n � 378)

Zoledronic acid 8/4 mg
(n � 364)

Pamidronate
(n � 388)

Lytic
(n � 190)

Nonlytic
(n � 188)

Lytic
(n � 176)

Nonlytic
(n � 188)

Lytic
(n � 162)

Nonlytic
(n � 226)

Prior SRE (% yes) 65 59 66 48 75 55
Median no. of bone lesions at baseline 4 3 4 3 4 3
Median baseline NTX/creatinine ratio 81.5 76.5 77.5 70.0 78.0 73.0

SRE: skeletal-related event; NTX: N-telopeptide.

FIGURE 1. Proportion of patients with at least 1 skeletal-related event at

13 months (not including hypercalcemia) by treatment group for patients in the

lytic subgroup versus the nonlytic subgroup.
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was possible because, in the pivotal trial of zoledronic
acid, patients were stratified prospectively according
to primary tumor type. In the subgroup analysis pre-
sented here, patients with breast carcinoma were sub-
divided further according to the radiologic appearance
of their bone lesions to determine how zoledronic acid
compared with pamidronate in a patient population
similar to the population from the original, placebo-
controlled pamidronate studies. The results of the
Andersen–Gill multiple-event analysis demonstrated
that 4 mg of zoledronic acid significantly reduced the
risk of developing skeletal complications among all
patients with breast carcinoma by an additional 20%
over that achieved with 90 mg of pamidronate, which
has demonstrated significant benefit compared with
placebo. This analysis accounts for all clinically rele-
vant skeletal events and the timing of events occurring
in the patient population and provides a comprehen-
sive assessment of skeletal morbidity. Moreover, in the

lytic subgroup, a dose of 4 mg of zoledronic acid was
found to be more effective than a dose of 90 mg of
pamidronate across a number of clinical endpoints.
Although the primary endpoint (the proportion of pa-
tients with an SRE) did not reach statistical signifi-
cance, 4 mg of zoledronic acid significantly delayed
the time to first skeletal event by nearly 5 months
compared with pamidronate and reduced the risk of
developing skeletal complications by an additional
30% over that achieved with pamidronate. These data
strongly suggest that a 4-mg dose of zoledronic acid
may be more effective clinically compared with 90 mg
of pamidronate in patients with breast carcinoma and
at least 1 osteolytic bone lesion and in the overall
population of patients with breast carcinoma. Analysis
of baseline prognostic factors (e.g., prior SREs, num-
ber of bone lesions, and N-telopeptide levels) within
each subgroup suggests that the observed reduction in
the risk of developing SREs for patients with lytic

FIGURE 2. Kaplan–Meier estimates of

the time to first skeletal-related event

(not including hypercalcemia) by treat-

ment group for patients in the lytic sub-

group (A) versus the nonlytic subgroup

(B).
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lesions treated with zoledronic acid was not caused by
obvious imbalances in these factors between treat-
ment groups at baseline.

The subgroup analysis by type of bone lesion (lytic
lesions vs. nonlytic lesions) showed further that pa-
tients with at least one osteolytic lesion were at higher
risk of an SRE compared with patients who did not
have any primarily lytic lesions on plain radiographs
at study entry. An analysis of the proportion of pa-
tients with an SRE based on their baseline N-telopep-
tide/creatinine ratio has shown that patients with
breast carcinoma in this study with higher baseline

excretion of N-telopeptide were at greater risk of de-
veloping an SRE.

Among patients in the lytic subgroup who re-
ceived pamidronate, the proportion of patients with
an SRE (58%) was higher than that reported in the
original pamidronate studies after 12 months of treat-
ment (43% and 47%, respectively, for patients in the
pamidronate group receiving chemotherapy or hor-
mone therapy).2,4 This comparison suggests that the
retrospectively selected subset examined in this anal-
ysis may represent a slightly higher risk population
than the population studied originally in the pamidr-
onate trials.

Other placebo-controlled studies in patients with
predominantly nonlytic lesions have shown that
zoledronic acid is highly effective in those patient pop-
ulations. It is noteworthy that, in a study of patients with
advanced prostate carcinoma, which is associated with
predominantly osteoblastic bone lesions, zoledronic
acid significantly reduced SREs and prolonged the time
to first SRE compared with placebo.17 In that study, a
dose of 4 mg of zoledronic acid was found to reduce in
the risk of developing skeletal events by 36% compared
with placebo based on an Andersen–Gill multiple-event
analysis.

Zoledronic acid (4 mg as a 15-minute infusion)
was tolerated well and demonstrated a safety profile

FIGURE 3. Risk ratio for multiple skeletal events with 95% confidence

intervals for patients in the lytic subgroup versus patients in the nonlytic

subgroup and for all patients with breast carcinoma (total). zol: Zoledronic acid;

pam: pamidronate.

TABLE 3
Skeletal Morbidity Rate for All Skeletal-Related Events (Not Including
Hypercalcemia) by Treatment Group for Patients in the Lytic
Subgroup versus Patients in the Nonlytic Subgroup

Subgroup

Skeletal morbidity rate (mean � SD)

Zoledronic
acid 4 mg
(n � 378) P valuea

Zoledronic
acid 8/4 mg
(n � 364)

Pamidronate
(n � 388)

Lytic 1.16 � 2.32 0.008 1.28 � 2.02 2.36 � 7.16
Nonlytic 0.81 � 1.69 0.904 0.86 � 2.07 0.97 � 2.47
Total 0.98 � 2.04 0.073 1.06 � 2.06 1.55 � 5.03

SD: standard deviation.
a Four milligrams zoledronic acid versus pamidronate.

TABLE 4
Most Frequently Reported Adverse Events (All Grades) by Treatment
Group, Regardless of Relation to Study Drug, Occurring in > 15% of
Patients (Intent-to-Treat Population)

Adverse event

No. of patients (%)

Zoledronic
acid 4 mg
(n � 378)

Zoledronic
acid 8/4 mg
(n � 364)

Pamidronate
(n � 388)

Bone pain 228 (60) 197 (54) 223 (58)
Nausea 180 (48) 175 (48) 179 (46)
Fatigue 152 (40) 142 (39) 159 (41)
Emesis 119 (32) 119 (33) 120 (31)
Fever 118 (31) 113 (31) 103 (27)
Myalgia 106 (28) 82 (23) 95 (25)
Dyspnea 98 (26) 75 (21) 94 (24)
Anemia 96 (25) 93 (26) 91 (24)
Constipation 92 (24) 98 (27) 100 (26)
Arthralgia 90 (24) 68 (19) 76 (20)
Diarrhea 89 (24) 86 (24) 94 (24)
Cough 87 (23) 70 (19) 77 (20)
Weakness 77 (20) 69 (19) 64 (17)
Anorexia 73 (19) 57 (16) 50 (13)
Headache 70 (19) 90 (25) 94 (24)
Alopecia 67 (18) 57 (16) 57 (15)
Edema lower limb 58 (15) 49 (14) 73 (19)
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comparable to that of pamidronate (90 mg as a 2-hour
infusion) in patients with breast carcinoma, as re-
ported originally for the entire patient population.13

Treatment with 4 mg of zoledronic acid as a 15-minute
infusion did not result in any increase in the risk of
developing elevated serum creatinine compared with
pamidronate.

Zoledronic acid (4 mg as a convenient, 15-minute
infusion) was tolerated similarly well and appeared to
be more effective than a 90-mg dose of pamidronate
(as a 2-hour infusion) in patients with breast carci-
noma who had at least 1 osteolytic lesion at study
entry. Multiple-event analysis, which accounts for the
recurrent nature of skeletal complications and pro-
vides a comprehensive assessment of skeletal morbid-
ity, indicated a significant risk reduction of 20% for all
patients with breast carcinoma and a risk reduction of
30% for patients who had a lytic lesion compared with
the reduction in risk achieved with pamidronate.
Therefore, zoledronic acid should be considered the
agent of choice for all patients with breast carcinoma
that is metastatic to bone.
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