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BACKGROUND. This study evaluated the dose–response relation for zoledronic acid,

a new generation high potency bisphosphonate, given as a 5-minute infusion in

patients with malignant osteolytic disease.

METHODS. Two-hundred eighty patients with osteolytic lesions due to metastatic

breast carcinoma or multiple myeloma were randomized to double-blind treat-

ment with either 0.4, 2.0, or 4.0 mg of zoledronic acid or 90 mg pamidronate. The

primary efficacy endpoint was the proportion of patients receiving radiation to

bone. Other skeletal-related events, bone mineral density (BMD), bone markers,

Eastern Cooperative Oncology Group performance status, pain and analgesic

scores, and safety also were evaluated.

RESULTS. Zoledronic acid at doses of 2.0 and 4.0 mg and pamidronate at a dose of

90 mg each significantly reduced the need for radiation therapy to bone (P , 0.05)

in contrast with 0.4 mg zoledronic acid, which did not. Skeletal-related events of

any kind, pathologic fractures, and hypercalcemia also occurred less frequently in

patients treated with 2.0 or 4.0 mg zoledronic acid or pamidronate than with 0.4

mg zoledronic acid. Increases in lumbar spine BMD (6.2–9.6%) and decreases in

the bone resorption marker N-telopeptide (range, 237.1 to 260.8%) were observed

for all treatment groups. Skeletal pain, fatigue, nausea, vomiting, and headache

were the most commonly reported adverse events. Adverse events were similar in

nature and frequency with zoledronic acid and pamidronate.

CONCLUSIONS. A 5-minute infusion of 2.0 – 4.0 mg zoledronic acid was at least as

effective as a 2-hour 90-mg pamidronate infusion in treatment of osteolytic me-

tastases. A 0.4-mg dose of zoledronic acid was significantly less effective. Both

zoledronic acid and pamidronate were well tolerated. Cancer 2001;91:1191–200.

© 2001 American Cancer Society.
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Bone metastases have been reported to occur in approximately
50% of patients with metastatic cancer, but certain cancers in-

cluding multiple myeloma, breast, prostate, lung, kidney, and thyroid
carcinoma are more frequently associated with clinically symptom-
atic bone lesions.1,2 Both osteoclasts and osteogenic cells respond to
a variety of humoral and local factors of malignant cell origin, result-
ing in skeletal lesions that can be primarily osteolytic, osteoblastic, or
mixed.3 Most patients with metastatic breast carcinoma or multiple
myeloma predominantly have osteolytic bone destruction. The mul-
tiple complications that result from this process include pathologic
fractures, pain, hypercalcemia of malignancy, and spinal cord com-
pression. Interventional radiation therapy is commonly required to
treat advanced metastatic bone lesions. In two large prospective
clinical trials, 33% of patients with metastatic breast carcinoma and
22% of patients with multiple myeloma who were receiving standard
antineoplastic treatment required radiation therapy for bone metas-
tases over 1-year and 9-month periods, respectively.4,5

1191

© 2001 American Cancer Society



Systemic side-effects such as fatigue and sleep
disturbance are common in patients receiving radia-
tion therapy to bone.6 The need for frequent, repeated
visits to a radiation treatment facility also presents a
difficulty for many patients. Recent studies evaluating
whether single higher dose radiation treatments are as
effective in relieving pain as fractionated therapy have
had contradictory results.7,8 Medical treatments that
conveniently and safely reduce radiation require-
ments therefore can play an important role in the
management of advanced cancer.

Bisphosphonates are pyrophosphate analogs that
act directly on bone to inhibit osteolysis. Cyclic treat-
ment with the second generation aminobisphospho-
nate pamidronate has been shown to significantly re-
duce skeletal complications for at least 21 months in
patients with multiple myeloma and at least 2 years in
patients with breast carcinoma and osteolytic le-
sions.9,10 Furthermore, the time to a first skeletal com-
plication in these studies was prolonged significantly
with pamidronate. Zoledronic acid is a new generation
heterocyclic nitrogen-containing bisphosphonate that
has demonstrated markedly higher potency and a
greater therapeutic ratio in preclinical studies than
earlier generation bisphosphonates, including pam-
idronate.11,12 In recent Phase III trials, a single infu-
sion of 4.0 mg zoledronic acid was significantly more
effective than a single 90-mg pamidronate infusion in
treatment of moderate to severe hypercalcemia asso-
ciated with malignancy (HCM).13 A Phase I trial in
patients with bone metastases demonstrated that a
single short infusion of zoledronic acid was safe and
well tolerated at doses up to 16 mg.14 Another Phase I
study of zoledronic acid in 58 patients with malignant
osteolysis evaluated doses of 0.1 to 8.0 mg given every
4 weeks for 3 dosages.15 Doses of 2.0 – 8.0 mg effec-
tively suppressed urinary bone markers in a dose-
dependent manner within the first 4 weeks after treat-
ment, with sustained inhibition at 12 weeks. The
consistent results obtained with zoledronic acid in
these trials indicated that longer term use of
zoledronic acid would be effective in minimizing bone
loss and reducing skeletal complications in patients
with metastatic bone disease.

We conducted a 10-month randomized, con-
trolled, double-blind trial of 3 doses of zoledronic acid
given as a 5-minute infusion. Because the need for
repeated radiation treatments has a negative impact
on quality of life and is the most common skeletal
event in patients with bone metastases, the frequency
of radiation to bone was selected as the primary cri-
terion for efficacy in this dose–response study. The
current standard bisphosphonate regimen of a 2-hour
infusion of 90 mg pamidronate was used as an internal

control for both efficacy and tolerability in this de-
sign.16 This study was planned as a prelude to larger
Phase III trials, now ongoing, which are statistically
powered to directly compare the effects of zoledronic
acid and pamidronate in treatment of skeletal metas-
tases.

PATIENTS AND METHODS
Patients
Patients with a histologically confirmed diagnosis of
metastatic breast carcinoma or multiple myeloma and
with radiologic evidence of at least one osteolytic le-
sion were enrolled into this study. Patients with mul-
tiple myeloma also were required to have had a pre-
vious skeletal event (radiation to bone, pathologic
fracture, surgery to bone, spinal cord compression, or
hypercalcemia) or to have failed first-line chemother-
apy. Patients with breast carcinoma had at least 1
osteolytic lesion that measured at least 1 cm in dimen-
sion, and multiple myeloma patients had at least 1
examinable osteolytic lesion. Patients were to have a
life expectancy of at least 10 months and an Eastern
Cooperative Oncology Group (ECOG) performance
status of 0, 1, or 2. Patients were excluded if they had
osteolytic lesions only in previously radiated areas,
had received previous bisphosphonate treatment, had
participated in a previous pamidronate protocol, had
received other investigational drugs within 30 days, or
had a recent history of hypercalcemia or bisphospho-
nate allergy or sensitivity. Patients scheduled for or
having undergone (within 2 weeks of study entry)
orthopedic surgery or radiation therapy for bone le-
sions also were not permitted to enter the study.

Treatments
This was a randomized, double-blind, double-
dummy, parallel group multicenter study. Eligible pa-
tients were assigned randomly to 1 of 4 treatments:
0.4, 2.0, or 4.0 mg zoledronic acid or 90 mg pamidr-
onate. Randomization was stratified by disease type.
Only the pharmacist at each study center was aware of
treatment assignment.

Zoledronic acid (Novartis Pharmaceuticals, East
Hanover, NJ and Novartis Pharma AG, Basel, Switzer-
land) was administered as a 5-minute infusion in 50
mL normal saline, and pamidronate (Novartis Phar-
maceuticals and Novartis Pharma AG) was adminis-
tered as a 2-hour infusion in 250 mL normal saline. At
each study infusion visit, patients in the zoledronic
acid groups also received a 250-mL normal saline in-
fusion, and patients in the pamidronate group also
received a 50-mL normal saline infusion to preserve
the double-blind. Treatments were given every 4
weeks for up to 10 months.
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Assessments
The primary efficacy variable was the proportion of
patients having radiation to bone within the 10-month
observation period. A treatment arm was considered
successful if the proportion of patients within that arm
having radiation to bone was significantly less than an
assumed rate of 30% in a similar population treated
with antineoplastic therapy without bisphosphonates.
This clinical endpoint was selected based on consis-
tent data from three large protocols previously per-
formed with pamidronate.4,5,17 In those studies, pa-
tients with breast carcinoma and the subgroup of
multiple myeloma patients with prior skeletal events
or on salvage chemotherapy who received placebo
plus antineoplastic therapy required radiation to bone
during the first 9 months of study treatment in 28
–35% of cases.

The secondary efficacy variables were the number
and type of skeletal-related events (SREs), bone min-
eral density (BMD), ECOG performance status, pain
score, and analgesic score. Skeletal-related events in-
cluded pathologic bone fractures, spinal cord com-
pression, surgery to bone (surgery to treat or prevent
pathologic fracture or spinal cord compression), radi-
ation therapy to bone (radiation to treat or prevent
pathologic fracture or spinal cord compression or for
pain relief), or hypercalcemia.

Radionuclide bone scans, bone X-ray films, and
radiologic bone surveys were read by the local radiol-
ogist, and also by a central radiologist, both of whom
were unaware of treatment assignment. Anteroposte-
rior (AP) lumbar spine BMD was measured by dual
energy X-ray absorptiometry at baseline, Week 24, and
Week 40. The bone resorption marker urine N-te-
lopeptide/creatinine (NTX) also was measured.

At each study visit, patients were provided with a
questionnaire and asked to rate their pain since the
previous study visit on a scale from 1 to 10. The ques-
tionnaire was part of a pain assessment tool, the Brief
Pain Inventory.18

Safety was monitored by reviewing adverse expe-
riences, physical examinations, vital signs, and labo-
ratory evaluations (hematology, blood chemistry, and
urinalysis). Study drug relation for each adverse expe-
rience was determined by the investigator. The sever-
ity of each adverse experience was graded using the
National Cancer Institute Common Toxicity Criteria.
An adverse experience was defined as serious if it
suggested a significant hazard, contraindication, side
effect, or precaution. This included any experience
that was fatal or life-threatening, permanently dis-
abling, required or prolonged hospitalization or was a
congenital anomaly, cancer, or drug overdose. Two

central laboratories, Mayo Medical Labs and Bioana-
lytical Research Corporation (BARC), performed the
laboratory evaluations.

Statistical Procedures
Forty-eight patients within each treatment arm were
required to show that 15% of patients receiving radi-
ation to bone (assumed rate for patients treated with a
bisphosphonate) were significantly different from 30%
(assumed rate for placebo treated patients) with a

5 0.05 (one-sided test) and power 5 80%. It was
intended to enroll 60 patients in each group to allow
for dropouts or ineligible patients.

The efficacy analyses examined the data from all
intent-to-treat patients, defined as all randomized pa-
tients who received study medication and from whom
at least one measurement was obtained. For these
efficacy analyses, data from all patients were assigned
to their original randomized treatment group, irre-
spective of the treatment they actually received during
the trial.

The primary efficacy variable was the proportion
of patients who received radiation to bone in the 10-
month observation period, defined as the number of
patients who received radiation divided by the num-
ber of patients randomized. To assess the efficacy of
zoledronic acid, we performed a one-sided test at 0.05
significance level in each treatment group to deter-
mine if the proportion of patients receiving radiation
to bone was less than 30%. This was performed using
the normal approximation to the binomial distribu-
tion with a continuity correction.

For all between-treatment comparisons, a signif-
icance level of 0.05 (two-sided) was used. Analyses on
the proportion of patients with an SRE or percentage
change from baseline on bone marker were performed
using the Cochran–Mantel–Haenszel test with modi-
fied ridit scores and disease type (multiple myeloma/
breast carcinoma) as strata. This test represents the
categorized data counterpart for combining Wilcoxon
rank-sum test scores across a set of strata.

Time (from randomization) to the first occurrence
of any SRE was compared between the treatment
groups by using survival analysis methods, including
Kaplan–Meier product limit estimates of the “survival
function” and the stratified log rank test. In these
analyses, death not related to an SRE was considered
a censored event.

Between-treatment changes from baseline to the
last measurement (end-of-study) in ECOG perfor-
mance status, pain scores for all patients and for pa-
tients with pain at baseline, as well as analgesic scores,
were assessed by Cochran–Mantel–Haenszel test with
modified ridit scores.

Zoledronic Acid Dose–Response in Bone Metastases/Berenson et al. 1193



The percentage change from baseline in BMD
measured at the AP lumbar spine was compared be-
tween treatment arms by using a one-way analysis of
variance. Dose–response effects on bone density were
evaluated by testing if the slope of the response to
ascending zoledronic acid doses differed from 0.

Ethics
This study was performed in accordance with the di-
rectives of the Declaration of Helsinki concerning
medical research with humans, Directive 91/507/EEC
(Rules Governing Medicinal Products in the European
Community, and U.S. 21 Code of Federal Regulations
dealing with clinical studies, parts 50 and 56, concern-
ing informed patient consent and institutional review
board approval. Written informed consent was ob-
tained from each patient before study participation.

RESULTS
Patients
Of the 280 patients randomized into the study, 68
received 0.4 mg, 73 received 2.0 mg, and 66 received
4.0 mg of zoledronic acid, and 73 received 90 mg
pamidronate (Table 1). The data from all 280 patients
were included in the efficacy and safety analyses pre-
sented in this article. One patient was randomized to
4.0 mg zoledronic acid but received 2.0 mg zoledronic
acid. This patient was assigned to the 2.0-mg
zoledronic acid group for safety analysis and the
4.0-mg zoledronic acid group for efficacy analysis.
There were 25, 26, 22, and 18 patients in the 0.4-, 2-,
and 4-mg zoledronic acid groups and 90-mg pamidr-
onate group, respectively, who discontinued the study
prematurely. Most discontinued due to death or an

adverse event. Most patients, 71–76% in the 3
zoledronic acid groups and 82% in the pamidronate
group, completed at least 6 months of study treatment
(data not shown).

Demographic and disease characteristics of the
four treatment groups were similar at study entry (Ta-
ble 2). Mean age ranged from 56.5 to 59.9 years in the
4 treatment groups. Fifty-seven to 63% of patients in
each of the treatment groups had breast carcinoma.
Most patients had an ECOG performance status of 0 or
1, and greater than 80% had pain at study entry.
Eighty-one to 84% of patients had experienced a pre-
vious SRE. In the zoledronic acid groups, 47–54% were
receiving antineoplastic therapy, compared with 42%
in the pamidronate group.

Radiation to Bone and Other SREs
As shown in Table 3, the proportions of patients re-
ceiving radiation to bone during the study were 24%,
19%, and 21% in the 0.4-, 2.0-, and 4.0-mg zoledronic
acid groups and 18% in the pamidronate group. The
2.0- and 4.0-mg zoledronic acid groups and the pam-
idronate group each met the primary efficacy criterion
of significantly less than 30% of patients having radi-
ation to bone (P , 0.05), but the 0.4-mg zoledronic
acid group did not (P 5 0.104).

In the 2.0- or 4.0-mg zoledronic acid groups or
90-mg pamidronate group, 35%, 33%, and 30% of pa-
tients, respectively, had at least 1 SRE, compared with
46% of patients treated with 0.4 mg zoledronic acid (P
, 0.05 for pamidronate vs. 0.4 mg zoledronic acid).
Pathologic fractures occurred in similar proportions
(21–22%) of patients in the 2.0- and 4.0-mg zoledronic
acid groups and pamidronate group, but in 28% in the
0.4-mg zoledronic acid group. Surgery to bone was
required in 3– 4% of patients in the 2.0- and 4.0-mg
zoledronic acid groups and pamidronate group, and
7% of those treated with 0.4 mg zoledronic acid. No
patient treated with 4.0 mg zoledronic acid developed
hypercalcemia, compared with 3%, 3%, and 7% of
patients treated with 2.0 mg zoledronic acid, 90 mg
pamidronate, or 0.4 mg zoledronic acid, respectively.

No treatment group reached median time to first
radiation to bone or first SRE, i.e., less than 50% of the
patients in each treatment group had an SRE by the
end of the study. The median times until the first event
for the first 25% of patients in each group having an
SRE were 167, 175, 231, and 254 days in the 0.4-, 2.0-,
and 4.0-mg zoledronic acid groups and the pamidr-
onate group, respectively (P , 0.05 for pamidronate
vs. 0.4 mg zoledronic acid).

TABLE 1
Patient Disposition for Patients Randomized to Treatment with
Either 0.4, 2.0, or 4.0 mg Zoledronic Acid or 90 mg Pamidronate

No. of Patients

Zoledronic acid
Pamidronate
(90 mg)0.4 mg 2.0 mg 4.0 mg

Randomized 68 72 67 73
Safety analysis 68 73 66 73
Completed 43 47 44 55
Discontinued 25 26 22 18

Death 7 6 7 3
Adverse event 8 7 6 8
Abnormal laboratory value 0 2 1 0
Insufficient efficacy 1 2 0 2
Protocol violation 0 0 0 1
Patient noncompliant 1 3 0 0
Patient withdrew consent 5 4 8 4
Lost to follow-up 2 2 0 0
Administrative problem 1 0 0 0
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ECOG Performance Status, Pain Scores, and Analgesic
Scores
Among the 210 patients with an ECOG performance
status above 0 at study entry, performance status im-
proved in more patients in the 2.0-mg and 4.0-mg

zoledronic acid groups (28% and 24%, respectively)
than in the 0.4-mg zoledronic acid group and pamidr-
onate groups (8% and 13%, respectively, not statisti-
cally significant).

Mean pain scores for the 0.4-, 2.0-, and 4.0-mg

TABLE 2
Characteristics of 280 Patients with Breast Carcinoma or Multiple Myeloma Who Received 0.4, 2.0, or 4.0 mg Zoledronic Acid or 90 mg
Pamidronate

Characteristic

Zoledronic acid
Pamidronate
(90 mg, n 5 73)0.4 mg (n 5 68) 2.0 mg (n 5 72) 4.0 mg (n 5 67)

No. % No. % No. % No. %

Gender
Male 19 28 21 29 17 25 10 14
Female 49 72 51 71 50 75 63 86

Age (yrs)a 57.6 6 12.9 56.5 6 13.6 59.9 6 11.3 57.7 6 11.8
Type of cancer

Multiple myeloma 29 43 27 37 25 37 27 37
Breast carcinoma 39 57 45 63 42 63 46 63

Time since diagnosis (mos) 63.6 6 67.8 71.2 6 81.9 70.0 6 75.4 69.6 6 69.7
ECOG status

0 16 24 18 25 17 25 19 26
1 42 62 38 53 37 55 41 56
2 9 13 16 22 13 19 13 18
. 2 1 1 0 0 0 0 0 0

Pain score
Missing 0 0 0 0 4 — 1 —
0 11 16 10 14 12 19 10 14
1–3 22 32 30 42 17 27 34 47
4–7 28 41 27 38 28 44 26 36
8–10 7 10 5 7 6 10 2 3

Previous SRE 57 84 58 81 55 82 59 81
Antineoplastic therapy 32 47 34 47 36 54 31 42

ECOG: Eastern Cooperative Oncology Group; SRE: skeletal-related event.
a Mean 6 standard deviation.

TABLE 3
No. and Proportion of Patients with Radiation to Bone or Other Skeletal Events

Type of skeletal event

Zoledronic acid
Pamidronate
(90 mg; n 5 73)0.4 mg (n 5 68) 2.0 mg (n 5 72) 4.0 mg (n 5 67)

No. % No. % No. % No. %

Radiation to bone 16 24 14 19a 14 21a 13 18a

Any skeletal event 1 HCM 31 46 25 35 22 33 22 30b

Any skeletal event 2 HCM 30 44 23 32 22 33 22 30
Pathologic fractures 19 28 16 22 14 21 15 21
Spinal cord compression 1 1 0 0 2 3 2 3
Surgery to bone 5 7 2 3 2 3 3 4
HCM 5 7 2 3 0 0 2 3

HCM: hypercalcemia of malignancy.
a P , 0.05 for within treatment one-sample analysis.
b P , 0.05 for between-treatment comparison to 0.4 mg zoledronic acid.
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zoledronic acid groups and the pamidronate group are
shown in Table 4. Scores ranged from 3.2 to 3.8 at
baseline (scale of 1 to 10). Patients in the 0.4-mg
zoledronic acid group and the pamidronate group had
smaller mean decreases in pain score than patients in
the two higher dose zoledronic acid groups. End-of-
study mean pain scores, however, were similar for the
2.0- and 4.0-mg zoledronic acid groups (2.9 and 3.0,
respectively) and pamidronate group (3.1) and higher
for the 0.4-mg zoledronic acid group (3.5). Among the
232 patients with pain at study entry, a decrease in
pain score was reported by a greater proportion of
patients in the 4.0-mg zoledronic acid group (67%)
than in the 0.4-mg and 2.0-mg zoledronic acid groups
and the pamidronate group (51%, 48%, and 50%, re-
spectively, not statistically significant). A decrease in
mean analgesic score among patients taking pain
medications at baseline was reported for 27% of pa-
tients in the 4.0-mg zoledronic acid group, compared
with 19, 11, and 21% of patients in the 0.4-mg and
2.0-mg zoledronic acid groups and the pamidronate
group.

Effects on Bone Lesions, Bone Density, and Bone
Biochemical Markers

Among the 194 patients who had data available for
assessment of bone lesion objective response, no pa-
tient had a complete response. There were 24 (56%),
28 (55%), and 27 (60%) patients in the 0.4-, 2.0-, and
4.0-mg zoledronic acid groups, respectively, and 24
(44%) patients in the pamidronate group who had a
partial response or no change in bone lesions. These
data were not statistically analyzed because approxi-
mately 30% of patients had no posttreatment assess-
ment.

Mean AP lumbar spine BMD increased from base-
line in each of the four treatment groups, with an
overall dose–response effect for the zoledronic acid
groups (Fig. 1; P 5 0.050). At the end of the study,
mean AP lumbar spine BMD had increased by 6.2%,
9.0%, and 9.6% in the 0.4-, 2.0-, and 4.0-mg zoledronic
acid groups, respectively, and by 9.2% in the pamidr-
onate group (P , 0.05 for 4.0 mg zoledronic acid vs.
0.4 mg zoledronic acid).

TABLE 4
Change in Pain Scores from Baseline to End of Study

Time point

Zoledronic acid
Pamidronate
(90 mg; n 5 72)0.4 mg (n 5 68) 2.0 mg (n 5 72) 4.0 mg (n 5 63)

Mean SD Mean SD Mean SD Mean SD

Baseline 3.8 2.70 3.4 2.51 3.7 2.61 3.2 2.24
End-of-study 3.5 2.55 2.9 2.70 3.0 2.86 3.1 2.82
Difference 20.3 3.23 20.6 2.19 20.7 3.33 20.1 3.28

SD: standard deviation.

FIGURE 1. Mean percentage change in an-

teroposterior lumbar spine bone mineral density

(BMD) from baseline to end of study (Week 40 or

last study measurement). BMD was measured

by dual energy X-ray absorptiometry. Percentage

change from baseline was compared between

treatment arms by using a one-way analysis of

variance.
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Median percentage changes from baseline at
Weeks 1 through 40 for the urinary bone resorption
marker NTX are shown in Figure 2. Median NTX val-
ues decreased by 50.8%, 69.1%, and 70.0% in the 0.4-,
2.0-, and 4.0-mg zoledronic acid groups and by 67.5%
in the pamidronate group within 1 week. At every time
point, patients treated with 4.0 mg zoledronic acid had
greater percentage decreases in NTX than patients
treated with pamidronate or the 2 lower doses of
zoledronic acid. An increase in NTX was observed
from the end of Week 1 to the second treatment at
Week 4 for all groups except the 4.0-mg zoledronic
acid group. End-of-study (last available values for all
patients) NTX values showed a slight increase from
Week 1 levels for all groups. Median percentage de-
creases from baseline to end-of-study were 237.1%,
258.6%, and 260.8% in the 0.4-, 2.0-, and 4.0-mg
zoledronic acid groups, respectively, and 257.5% in
the pamidronate group (P , 0.05 for each comparison
between 2.0 mg zoledronic acid, 4.0 mg zoledronic
acid, and 90 mg pamidronate vs. 0.4 mg zoledronic
acid).

Safety
Skeletal pain, reported in 46%, 55%, and 46% of pa-
tients in the 0.4-, 2.0-, and 4.0-mg zoledronic acid
groups and in 60% of patients in the pamidronate
group, was the most common adverse event (Table 5).
Skeletal pain was considered to be possibly related to
study drug in only 14 –18% of patients. Other common
adverse events included fatigue, nausea, vomiting,
headache, anorexia, diarrhea, dyspnea, and fever,
most of which were considered unrelated to study

drug. Local reactions at the injection site were re-
ported in one patient in each of the zoledronic acid
groups and in three patients in the pamidronate
group.

Twenty-three patient deaths, all due to progres-
sion of cancer or complications thereof, were reported
during the trial. The most commonly reported serious
adverse event was progression of cancer, as expected
in this population. Two patients in each zoledronic
acid group had a serious adverse event suspected to
be drug-related. These events were leukopenia and
renal calculus in the 0.4-mg zoledronic acid group and
allergic reaction and hypocalcemia in the 2.0-mg
zoledronic acid group. In the 4.0-mg zoledronic acid
group, 1 patient experienced a flu-like syndrome as
well as nausea, vomiting, dehydration, arthralgia, and
skeletal pain. Another patient in this group experi-
enced cellulitis and uremia.

Study drug was discontinued due to nonserious
adverse events in 19 patients. These events were re-
lated to disease progression in all but two patients.
One patient treated with 2.0 mg zoledronic acid expe-
rienced bone pain and joint stiffness, and 1 patient
treated with pamidronate had swelling of the right eye
during drug infusion leading to drug discontinuation.

Thirty-seven patients had an increase in serum
creatinine of at least 0.5 mg/dL. Creatinine elevation
was most common in the 4.0 mg zoledronic acid
group (11 patients; 16%) and in the pamidronate
group (7 patients; 10%). There was little or no change
in mean or median serum creatinine from baseline to
the end of the study in any group. Five patients, one in
each of the zoledronic acid groups and two in the
pamidronate group, had Grade 3 creatinine values.
Four patients, 1 each in the 2.0-mg zoledronic acid
and pamidronate groups, and 2 in the 4.0-mg
zoledronic acid group, had Grade 3 or 4 hypocalcemia
during the study.

Thus, the overall safety profile of zoledronic acid
was similar to that of pamidronate in this patient
population.

DISCUSSION
The primary goal of this study was to evaluate dose
response for a new generation bisphosphonate,
zoledronic acid, in patients with osteolytic skeletal
metastases due to breast carcinoma or multiple my-
eloma. This study is part of an overall zoledronic acid
clinical trial program culminating in larger Phase III
trials in cancer patients with metastatic bone disease.
Of the three zoledronic acid doses evaluated here, 0.4
mg was clearly ineffective compared with zoledronic
acid at doses of 2.0 mg to 4.0 mg and pamidronate at
90 mg. Although results for the primary efficacy crite-

FIGURE 2. Median percentage change in N-telopeptide/creatinine ratio after

treatment with 0.4, 2.0, or 4.0 mg zoledronic acid or 90 mg pamidronate.

Measurements were performed at the indicated intervals and at end of study

(Week 40 or last study measurement). Between-treatment comparisons of

change from baseline were assessed by the Cochran–Mantel–Haenszel test.
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rion were similar for the 2.0- and 4.0-mg doses of
zoledronic acid, several trends in the secondary effi-
cacy parameters favor the 4.0-mg zoledronic acid
dose. Skeletal events as a whole and pathologic frac-
tures occurred slightly less frequently in patients
treated with 4.0 mg than with 2.0 mg zoledronic acid.
The 4.0-mg zoledronic acid group was the only one in
which no patient developed hypercalcemia during the
10 months of the study. Also, time to the first skeletal
event was almost 2 months longer for patients in the
4.0-mg group than for patients in the 2.0-mg group.
Although this trial was not designed to detect statisti-
cally significant differences between treatment
groups, these data suggest that, assuming similar
safety profiles, the 4.0-mg dose may be the better
choice for confirmatory Phase III trials.

Pamidronate, an aminobisphosphonate approved
for treatment of osteolytic metastases in patients with
breast carcinoma or multiple myeloma, was included
as a control arm to provide internal standardization
for dose–response analysis. Pamidronate at a dose of
90 mg was superior to placebo in earlier Phase III trials
evaluating its use in treatment of bone metastases in
multiple myeloma and breast carcinoma patients.4,5

In the current study, the proportions of patients
treated with pamidronate or 2.0 – 4.0 mg zoledronic

acid who experienced at least 1 SRE (30%, 33%, and
35%, respectively), fell within the range of SRE rates of
24 –37% observed with pamidronate in similar popu-
lations in previous placebo-controlled Phase III stud-
ies. The 0.4-mg dose of zoledronic acid with an SRE
rate of 46% far exceeded the historical rates for pam-
idronate. Therefore, the 2.0- and 4.0-mg doses, but not
0.4 mg zoledronic acid, appear to be at least as effec-
tive as pamidronate in decreasing SREs.

Single infusions of 4.0 and 8.0 mg zoledronic acid
recently were found to be significantly more effective
than a single 90-mg infusion of pamidronate in treat-
ment of moderate to severe HCM.13 In these double-
blind, Phase III trials, zoledronic acid was effective in
HCM patients regardless of tumor type, presence, or
absence of bone metastases or serum level of parathy-
roid hormone-related peptide. Only patients with
multiple myeloma and breast carcinoma were en-
rolled in the trial reported here. Based on this trial and
the results in the Phase III HCM trials, zoledronic acid
at similar doses (4.0 – 8.0 mg) also may be an effective
intervention in preventing bone complications in pa-
tients with other types of tumors metastatic to bone.
Ongoing Phase III studies that include more than 1200
patients with bone metastases from prostate, lung,

TABLE 5
Frequency of Commonly Occurring Adverse Events

Adverse event

Zoledronic acid
Pamidronate
(90 mg; n 5 73)0.4 mg (n 5 68) 2.0 mg (n 5 73) 4.0 mg (n 5 66)

No. % No. % No. % No. %

Skeletal pain 31 46 40 55 30 46 44 60
Fatigue 17 25 18 25 27 41 24 33
Nausea 30 44 32 44 26 39 37 51
Vomiting 16 24 19 26 24 36 25 34
Headache 10 15 20 27 21 32 21 29
Anorexia 12 18 13 18 18 27 8 11
Diarrhea 18 27 10 14 18 27 18 25
Dyspnea 10 15 8 11 18 27 12 16
Fever 20 29 20 27 17 26 14 19
Viral infection 14 21 11 15 17 26 18 25
Anemia 15 22 16 22 16 24 15 21
Constipation 10 15 16 22 16 24 15 21
Arthralgia 13 19 9 12 15 23 12 16
Coughing 12 18 11 15 15 23 19 26
Dyspepsia 11 16 13 18 14 21 12 16
Progression of cancer 9 13 8 11 12 18 8 11
Abdominal pain 14 21 12 16 10 15 13 18
Insomnia 14 21 10 14 9 14 12 16
Myalgia 19 28 16 22 9 14 17 23
Peripheral edema 8 12 11 15 8 12 10 14
Granulocytopenia 11 16 6 8 7 11 10 14
Urinary tract infection 10 15 8 11 6 9 11 15
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and other cancers will be helpful in confirming this
hypothesis.

Bone pain is probably the most common compli-
cation of skeletal metastases.19 Previous trials with
pamidronate have shown beneficial effects on pain
and analgesic use.4,5 There was a slight trend for
greater improvements in performance status and pain
with 4.0 mg zoledronic acid compared with pamidr-
onate. Skeletal pain also was reported as an adverse
event less frequently by patients treated with
zoledronic acid than patients treated with pamidr-
onate. However, mean pain scores at baseline were
relatively low, and changes from baseline showed a
large degree of variability. Further studies will be
needed to confirm whether zoledronic acid is more
effective than earlier generation bisphosphonates in
alleviating bone pain.

Patients with breast carcinoma or multiple my-
eloma may exhibit diffuse loss of bone density as well
as focal bone destruction in metastatic lesions.20,21,22

Women in particular may be at increased risk for
osteoporosis due to either natural or cancer treat-
ment–induced loss of ovarian function. Treatment of
postmenopausal osteoporosis with another ami-
nobisphosphonate, alendronate, given daily in oral
doses of 10 mg produced an 8.8% increase in lumbar
spine bone density after 3 years of treatment.23 In our
study, median AP lumbar spine BMD increased by
9.6% after 10 months or less of treatment with 4.0 mg
zoledronic acid. Prevention or treatment of general-
ized bone loss may be an important consideration in
making a decision about bisphosphonate treatment,
particularly for women with breast carcinoma for
whom hormone replacement therapy generally is not
an option.

Disproportionate elevation of the urinary bone
resorption marker NTX and correlation of NTX levels
with response to bisphosphonate treatment have been
described in cancer patients with bone metasta-
ses.24,25 In this study, there was a dose–response effect
of zoledronic acid on NTX levels, with 4.0 mg
zoledronic acid resulting in the largest percentage de-
crease from baseline at every time point in the study.
Furthermore, 4.0 mg zoledronic acid had a greater and
more consistent suppressive effect on NTX than did
pamidronate. Lipton et al. found that patients with
elevated NTX at baseline were significantly less likely
to show disease progression in bone if NTX levels
normalized with bisphosphonate treatment.24 There-
fore, NTX may be a useful marker for assessing the
adequacy of suppression of bone resorption during
bisphosphonate treatment of bone metastases.

The length of time required or recommended for
the infusion of bisphosphonates has been an incon-

venience in the past. This cautious approach was
taken to avoid excessive renal exposure to high levels
of earlier generation bisphosphonates, such as etidr-
onate and clodronate.26 Successive generations of
bisphosphonates have been increasingly potent, al-
lowing a correspondingly shorter infusion time.27,28 In
this study, a 5-minute infusion of up to 4.0 mg
zoledronic acid was effective and as well tolerated as a
2-hour infusion of pamidronate. Such brief infusions
should minimize patient inconvenience and reduce
utilization of clinic and staff time, particularly in the
outpatient setting.

Based on extensive clinical experience, long
term use of pamidronate has an excellent safety
record in cancer patients.9,29 Repeated treatments
with zoledronic acid, including the highest dose of 4.0
mg in this study, demonstrated a safety profile that
was comparable to that of 90 mg pamidronate. Mild
increases in creatinine, however, were slightly more
common with 4.0 mg zoledronic acid than with lower
doses of zoledronic acid. In the setting of advanced
and often terminal cancer, it is difficult to interpret
this finding. Doses of up to 8 mg zoledronic acid have
been effective and well tolerated in Phase I trials in
bone metastases and in Phase III trials in HCM.13–15

Larger ongoing trials in patients with fewer confound-
ing conditions will be helpful in addressing this ques-
tion.

In summary, this report and data from other clin-
ical trials with zoledronic acid support expanded clin-
ical evaluation of 4.0 mg and perhaps higher doses of
zoledronic acid in Phase III trials in patients with
cancer and osteolytic metastases.
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