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E. Quebe-Fehling, and J. Seaman

Purpose: Two identical, concurrent, parallel, multi-
center, randomized, double-blind, double-dummy tri-
als were conducted to compare the efficacy and safety
of zoledronic acid and pamidronate for treating hyper-
calcemia of malignancy (HCM).

Patients and Methods: Patients with moderate to
severe HCM (corrected serum calcium [CSC] > 3.00
mmol/L [12.0 mg/dL]) were treated with a single
dose of zoledronic acid (4 or 8 mg) via 5-minute
infusion or pamidronate (90 mg) via 2-hour infusion.
A protocol-specified pooled analysis of the two par-
allel trials was performed. Clinical end points in-
cluded rate of complete response by day 10, response
duration, and time to relapse.

Results: Two hundred eighty-seven patients were
randomized and evaluated for safety; 275 were eval-

uated for efficacy. Both doses of zoledronic acid were
superior to pamidronate in the treatment of HCM. The
complete response rates by day 10 were 88.4% (P 5
.002), 86.7% (P 5 .015), and 69.7% for zoledronic acid
4 mg and 8 mg and pamidronate 90 mg, respectively.
Normalization of CSC occurred by day 4 in approxi-
mately 50% of patients treated with zoledronic acid
and in only 33.3% of the pamidronate-treated patients.
The median duration of complete response favored
zoledronic acid 4 and 8 mg over pamidronate 90 mg with
response durations of 32, 43, and 18 days, respectively.

Conclusion: Zoledronic acid is superior to pamidr-
onate; 4 mg is the dose recommended for initial treatment
of HCM and 8 mg for relapsed or refractory hypercalcemia.

J Clin Oncol 19:558-567. © 2001 by American
Society of Clinical Oncology.

HYPERCALCEMIA OF malignancy (HCM) is the most
common life-threatening metabolic complication of

malignancy, affecting approximately 10% to 20% of pa-
tients with advanced cancer.1 The incidence of HCM varies
widely by cancer type but occurs most frequently in patients
with multiple myeloma and carcinomas of the lung, breast,
kidney, and head and neck.2-4 A retrospective study of
cancer-associated hypercalcemia reported that median sur-
vival was 30 days in patients treated with antihypercalcemic
therapy.5 Clinical symptoms of HCM such as nausea,
vomiting, and altered mental status are distressing and
diminish quality of life in the later stages of cancer
progression. HCM can also lead to renal failure.

Patients with or without bone metastases can develop
HCM. Hypercalcemia is mediated by soluble factors se-
creted by tumor cells and the immune system, such as
parathyroid hormone–related protein (PTHrP), prostaglan-
dins, and cytokines. These factors stimulate excess bone
resorption and release of calcium from the bone matrix. As a
result, patients experience bone loss, weakened bone structure,
and elevated circulating calcium levels.1,6-8 PTHrP also stim-
ulates increased renal reabsorption of calcium, resulting in
further increases in serum calcium levels.

Bisphosphonates are potent inhibitors of bone resorption
and are the most effective therapy for HCM. Pamidronate
(Aredia®; Novartis Pharmaceuticals Corporation, East
Hanover, NJ) at a dose of 60 to 90 mg administered via
4-hour intravenous (IV) infusion is one of the most com-
monly used treatments of HCM. In studies investigating a
variety of doses (30 to 90 mg) and schedules of pamidr-
onate, complete response (CR) rates of 40% to 100% were
observed within 7 days after intensive IV fluid hydration,
and median duration of response ranged from 11 days to 3
to 4 weeks.9-16

Zoledronic acid (ZOMETA®; Novartis Pharmaceuticals
Corporation) is a new-generation, nitrogen-containing
bisphosphonate that has been shown in preclinical studies to
be more potent than currently available bisphosphonates,
including pamidronate.17 Zoledronic acid was 850-fold
more effective than pamidronate at inhibiting the induction
of hypercalcemia in rats, and 40- to 100-fold more potent
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than pamidronate in inhibiting calcium release induced by a
variety of activators of bone resorption in an in vitro
calvaria assay.17

A recent multicenter, phase I, dose-finding trial demon-
strated that zoledronic acid at doses of 0.02 and 0.04 mg/kg
(equivalent to 1.2 and 2.4 mg in a 60-kg patient) normalized
corrected serum calcium (CSC) in 19 of 20 hypercalcemic
cancer patients.18 Adverse events included transient hy-
pophosphatemia in seven patients, transient hypocalcemia
in three patients, and mild fever in 10 patients treated at the
highest dose levels. Other phase I trials in patients with bone
metastases or multiple myeloma demonstrated that
zoledronic acid at doses ranging from 0.1 to 16 mg via rapid
infusion was well tolerated19,20 and that doses$ 2 mg
effectively suppressed markers of bone resorption.20 These
studies also showed that 4 to 8 mg of zoledronic acid was
more effective with respect to suppressing markers of bone
resorption than lower doses, suggesting that these dose
levels might be more effective in the treatment of HCM.

Two identical, concurrent, parallel, multicenter, random-
ized, double-blind, double-dummy trials were conducted to
investigate the clinical efficacy of zoledronic acid (4 and 8
mg) versus 90 mg of pamidronate in the treatment of
moderate to severe HCM. The results of a protocol-specified
pooled analysis of the data from these two trials are
presented here.

PATIENTS AND METHODS

Patients

Patients$ 18 years of age with histologic or cytologic confirmation
of cancer and severe HCM, defined as baseline CSC$ 3.00 mmol/L
(12.0 mg/dL), were eligible. Patients who had a history of allergic
reaction or sensitivity to bisphosphonates or who were treated with
bisphosphonates for hypercalcemia within 90 days or for other com-
plications within 30 days of study entry were excluded, as were patients
who exhibited serum creatinine more than 4.5 mg/dL (400mmol/L) or who
were treated with calcitonin within 72 hours, with mithramycin or with a
newly initiated antineoplastic cytotoxic chemotherapy or hormone therapy
within 7 days, with gallium nitrate within 14 days, or with any investiga-
tional drug within 30 days of study entry. In addition, patients who were
severely dehydrated, could not tolerate IV hydration, or suffered from
hyperparathyroidism, adrenal insufficiency, vitamin D intoxication, milk
alkali syndrome, sarcoidosis or other granulomatous disease, or multiple
endocrine neoplasia syndromes were not eligible. All patients provided
written informed consent before entry onto the study.

Treatment

Patients were randomized to treatment with either a single dose of
zoledronic acid (4 or 8 mg) via a 5-minute IV infusion or pamidronate
(90 mg) via a 2-hour IV infusion (Fig 1). Bisphosphonate therapy was
administered simultaneously with IV hydration (ie, 500 mL of IV fluids
over 4 hours). Patients received 250 mL of IV fluids before infusion of
study drug. The remaining portion of the required IV hydration was
administered as part of a double-dummy infusion, which maintained

the double-blind nature of the trial. That is, each patient received either
a 5-minute IV infusion of zoledronic acid, then a 2-hour IV infusion of
saline, and finally a 2-hour infusion of fluids, or a 5-minute IV infusion
of saline, then a 2-hour IV infusion of pamidronate, and finally a 2-hour
infusion of fluids.

Patients who were refractory to initial therapy or who relapsed up to
56 days after initial treatment with either zoledronic acid or pamidr-
onate were re-treated with a single dose of 8 mg of zoledronic acid via
5-minute infusion and were followed-up for 28 days.

Study Design and Schedule

Two identical, concurrent, parallel, multicenter, randomized, double-
blind, double-dummy trials were conducted at centers in the United
States/Canada and Europe/Australia. One day before administration of
study drug, a complete physical examination including urinalysis was
performed, and venous blood was drawn for serum chemistry, includ-
ing CSC, PTHrP levels, complete blood cell counts with differential
and platelet counts, and other parameters. If the patient met the
eligibility criteria, vital signs were monitored, IV hydration was
initiated, and the study drug was administered. Venous blood was
drawn for serum chemistry, including CSC, on days 4, 7, 10, 14, 17, 21,
24, and 28 and weekly thereafter, up to day 56. The following
concomitant therapies were permitted during the study: standard
antineoplastic therapies (including cytotoxic agents, biologic response
modifiers, hormonal agents, or corticosteroids) and cytokines.

Patients were followed-up for 56 days or until relapse, defined as
CSC$ 2.90 mmol/L (11.6 mg/dL). If CSC was not lower than baseline
(day 1 value) by at least 0.05 mmol/L (0.2 mg/dL) on day 4 or 0.25
mmol/L (1.0 mg/dL) on day 7, or day 10 CSC was$ 2.90mmol/L, then
re-treatment with 8 mg of zoledronic acid was initiated for refractory

Fig 1. Patient randomization, disposition, and response summary. *In-
clusion of refractory patients, partial responders, and other non–complete
responders. †The number of patients re-treated excludes those who discon-
tinued or died.
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disease. Once a patient experienced relapse, re-treatment was initiated
for relapsing disease.

For re-treatment of relapsed or refractory disease, CSC was moni-
tored on re-treatment days 1, 4, 7, 10, 14, 21, and 28. If the re-treatment
baseline CSC was not lowered by at least 0.05 mmol/L (0.2 mg/dL) on
day 4 or 0.25 mmol/L (1.0 mg/dL) on day 7, then treatment of the
patient was discontinued. The remaining patients were followed-up
until day 28 or relapse.

Patients were evaluated for CR, defined as normalization of CSC to
# 2.70 mmol/L (10.8 mg/dL) by day 10. Other clinical end points
evaluated were time to relapse of HCM, defined as the number of days
from the date of infusion to the last CSC less than 2.90 mmol/L (11.6
mg/dL); duration of response, defined as the number of days from the
onset of CR to the last CSC less than 2.90 mmol/L (11.6 mg/dL);
duration of CR, defined as the number of days from the onset of CR to
the last CSC# 2.70 mmol/L (10.8 mg/dL); and efficacy of re-treatment
for relapsed or refractory HCM. Safety and tolerability of zoledronic
acid were assessed by review of clinical findings, adverse events, vital
signs, routine blood chemistries, hematologic values, and urinalysis.

Statistical Methods

Sample size. Using a 10% one-sided equivalence range and a
one-sided .025 significance level, 90 patients per treatment group were
required to show zoledronic acid 4 mg or 8 mg is at least as effective
as 90 mg pamidronate with 80% power. The expected response rate
was 90% for the pamidronate 90 mg group and 92% for the 4 mg or 8
mg zoledronic acid groups. A closed test procedure was applied.
Zoledronic acid 4 mg was to be declared noninferior to pamidronate 90
mg only if zoledronic acid 8 mg was also declared noninferior.

Analysis populations. The primary efficacy analyses were per-
formed on the eligible per-protocol population. The per-protocol
population consisted of all randomized patients who received the IV
infusion and satisfied the admission criteria for HCM. Cancer patients
were considered to have HCM if their CSC was$ 3.00 mmol/L (12.0
mg/dL) within 1 day before study drug infusion. An intent-to-treat
analysis was also performed.

Methodology. The primary analysis was performed on the CR rate by
day 10, based on the 95% confidence interval (normal approximation to
the binomial) of the differences in the proportion of patients who had a CR
in the zoledronic acid and the pamidronate groups. Once noninferiority
was confirmed, analyses to investigate the superiority of zoledronic acid
compared with 90 mg of pamidronate were performed.21

The percentage of patients who had a CR by day 10 was analyzed
using the Cochran-Mantel-Haenszel test, controlling for the baseline
CSC level (CSC, or $ 3.4 mmol/L [13.6 mg/dL]). Patients were
considered to have a CR once the CSC was# 2.70 mmol/L (10.8
mg/dL), regardless of whether the CSC increased to a higher level on
subsequent days. Patients who did not achieve a CR (or who died or
discontinued the study without a CR) before day 10 were considered
nonresponders. The proportions of patients who achieved a CR by day
4 and day 7 were also analyzed.

Between-treatment comparisons were performed on the change from
baseline in CSC at days 4, 7, and 10 using analysis of covariance. For
missing CSC values, the last CSC observation available (including
baseline) was carried forward.

Time to relapse curves were drawn using the Kaplan-Meier method
and were analyzed using Cox regression, with baseline CSC group
included as a covariate. All patients who did not achieve a CR had their
time to relapse set to zero (and not censored). For all other patients with
a CR, the actual time to relapse was calculated as the duration in days

between the date of infusion and the last available CSC less than 2.90
mmol/L (11.6 mg/dL). Patients who died after a CR was achieved (but
before documentation of relapse) were assumed to have relapsed on the
day the last calcium value was obtained. All other complete responders
who discontinued or completed the study without documented relapse
were censored on the last day on which a CSC value was obtained.

Duration of CR was calculated using rules similar to time to relapse,
except that the durations were based on the day of onset of the CR rather
than the start date of the infusion. Durations were calculated only for the
subset of patients who had a CR. No formal analyses were planned or
performed on durations because the analyses would be biased; any
differences that could be attributed to treatment effect would be con-
founded with the actual number of patients who responded.

For re-treatment of relapsed or refractory patients, the per-protocol
population consisted of all patients who received the IV infusion of
zoledronic acid 8 mg and whose baseline CSC was$ 2.75 mmol/L
(11.0 mg/dL). The same clinical end points as the initial phase were
summarized. However, patients who were complete responders but
discontinued or completed the 28-day follow-up without documented
relapse were counted as having a relapse on the last day a calcium value
was obtained.

RESULTS

Patient Demographics and Baseline
Clinical Characteristics

A total of 287 patients were randomized in the combined
trials: 138 and 149 patients at the United States/Canada and
European/Australian centers, respectively. Of these, 275
patients were eligible for the efficacy analysis (ie, per-
protocol population): 86 patients in the zoledronic acid
4-mg dose group, 90 patients in the zoledronic acid 8-mg
dose group, and 99 patients in the pamidronate 90-mg dose
group. Demographic and baseline clinical characteristics
were generally comparable between treatment groups (Ta-
ble 1). Approximately 60% of patients were male, and
approximately 80% were Caucasian. The proportion of
patients with a breast or hematologic malignancy was
greater in the zoledronic acid 4-mg group than in the
zoledronic acid 8-mg or pamidronate 90-mg group.

CR Rate

In the primary day 10 analysis, 88.4% (P 5 .002) and
86.7% (P 5 .015) of patients in the 4- and 8-mg zoledronic
acid dose groups, respectively, achieved a CR, compared
with 69.7% of patients in the pamidronate 90-mg group
(Fig 2). By day 7, the proportion of patients with a CR in
the zoledronic acid 4- and 8-mg groups was also signif-
icantly greater than the proportion of patients in the
pamidronate 90-mg group. The zoledronic acid 8-mg
group also had significantly more complete responders by
day 4. There was no significant difference in the propor-
tions of patients with CR between the zoledronic acid 4-
and 8-mg dose groups.
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Mean CSC levels at days 4, 7, and 10 were significantly
lower (P # .05) in patients treated with 4 or 8 mg of zoledronic
acid than in patients treated with 90 mg of pamidronate (Fig 3).
Onset of normalization of CSC occurred by day 4 in approx-

imately one half of the patients treated with zoledronic acid
(45.3% for zoledronic acid 4 mg and 55.6% for zoledronic acid
8 mg), whereas only 33.3% of the pamidronate 90-mg patients
had CSC normalization by day 4.

Table 1. Patient Demographics and Baseline Clinical Characteristics by Treatment Group

Zoledronic Acid 4 mg
(n 5 86)

Zoledronic Acid 8 mg
(n 5 90)

Pamidronate 90 mg
(n 5 99) Total (n 5 275)

Re-Treatment Zoledronic
Acid 8 mg (n 5 69)

No. of Patients % No. of Patients % No. of Patients % No. of Patients % No. of Patients %

Sex
Male 46 53.5 60 66.7 56 56.6 162 58.9 42 60.9
Female 40 46.5 30 33.3 43 43.4 113 41.1 27 39.1

Race
White 73 84.9 70 77.8 76 76.8 219 79.6 54 78.3
Black 11 12.8 15 16.7 17 17.2 43 15.6 13 18.8
Asian 0 2 2.2 1 1.0 3 1.1 —
Other 2 2.3 3 3.3 5 5.1 10 3.6 2 2.9

Age, years
Mean 60.0 58.7 59.0 59.2 58.3
Median 60.50 61.00 61.00 61.00 61.0
Range 33-84 21-84 25-87 21-87 33-84
, 65 years 52 60.5 59 65.6 67 67.7 178 64.7 47 68.1
$ 65 years 34 39.5 31 34.4 32 32.3 97 35.3 22 31.9

Cancer group
Breast/hematologic 40 46.5 26 28.9 31 31.3 97 35.3 24 34.8
Other 46 53.5 64 71.1 68 68.7 178 64.7 45 65.2

Baseline CSC
Mean, mmol/L 3.49 3.42 3.49 3.47 3.17
Range, mmol/L 3.02-4.71 3.00-4.68 3.00-5.16 3.00-5.16 2.75-4.23
Mean, mg/dL 13.96 13.67 13.95 13.86 12.67
Range, mg/dL 12.08-18.84 12.00-18.72 12.00-20.64 12.00-20.64 11.00-16.9

Primary cancer site
Lung 15 17.4 25 27.8 23 23.2 63 22.9 18 26.1
Breast 22 25.6 14 15.6 15 15.2 51 18.5 11 15.9
Multiple myeloma 9 10.5 5 5.6 9 9.1 23 8.4 8 11.6
Head and neck 9 10.5 9 10.0 12 12.1 30 10.9 8 11.6
Renal 9 10.5 10 11.1 11 11.1 30 10.9 8 11.6
Unknown 2 2.3 1 1.1 4 4.0 7 2.5 2 2.9
Hematologic 9 10.5 7 7.8 7 7.1 23 8.4 5 7.2
Other 11 12.8 19 21.1 18 18.2 48 17.5 9 13.0

Bone metastases
No 37 43.0 40 44.4 54 54.5 131 47.6 40 58.0
Yes 49 57.0 50 55.6 45 45.5 144 52.4 29 42.0

Baseline PTHrP (N 5 64)
# 2 pmol/L 62 72.1 59 65.6 65 65.7 186 67.6 41 59.4
. 2 pmol/L 20 23.3 25 27.8 24 24.2 69 25.1 23 33.3

Use of loop diuretics, days 1-10
No 64 74.4 66 73.3 78 78.8 208 75.6 58 84.1
Yes 22 25.6 24 26.7 21 21.2 67 24.4 11 15.9

Prior use of bisphosphonates in past year
No 77 89.5 86 95.6 91 91.9 254 92.4 63 91.3
Yes 9 10.5 4 4.4 8 8.1 21 7.6 6 8.7

Blood urea nitrogen/creatinine ratio (N 5 67)
Median 18.8 17.4 15.6 16.9 17.0

Time since cancer diagnosis
, 1 month 20 23.3 23 25.6 24 24.2 67 24.4 8 11.6
1-, 6 months 8 9.3 19 21.1 22 22.2 49 17.8 26 37.7
6-, 12 months 17 19.8 8 8.9 15 15.2 40 14.5 10 14.5
$ 12 months 41 47.7 40 44.4 38 38.4 119 43.3 25 36.2
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The number of patients with a CR by day 10 was similar
for patients with baseline CSC less than 3.4 or$ 3.4
mmol/L (13.6 mg/dL) (Table 2). CR rates by day 10 were
also similar within each treatment group regardless of
baseline PTHrP level, baseline blood urea nitrogen/creati-
nine ratio, age, race, sex, or cancer type. CR rates in the
zoledronic acid groups were also similar regardless of
whether patients had bone metastases. However, in the
pamidronate group, only 61% of patients without bone
metastases compared with 80% of patients with bone
metastases achieved a CR by day 10.

Duration of CR, Time to Relapse

The median time to relapse in patients treated with 4 or 8
mg of zoledronic acid was 30 (P 5 .001) and 40 days (P 5

.007), respectively, compared with 17 days in the pamidr-
onate group (Fig 4). The time-to-relapse analysis was a
protocol-specified analysis; because this analysis reflects
both the length of response and the proportion of patients
responding, it magnifies the difference in favor of the
zoledronic acid group because of the higher response rate in
this group compared with pamidronate. In patients in whom
normal serum values were achieved, the median duration of
CR in patients treated with 4 mg or 8 mg of zoledronic acid
was 32 and 43 days, respectively, compared with 18 days in
the pamidronate group (Fig 5).

Re-Treatment With Zoledronic Acid

Seventy patients who relapsed after having achieved a
CR or were refractory to initial treatment with zoledronic
acid or pamidronate were re-treated with zoledronic acid 8
mg, but only 69 patients were evaluated for efficacy.
Demographics for this population were similar in most
respects to the entire study population (Table 1). The mean
baseline CSC level for the re-treatment group was 3.17
mmol/L (12.67 mg/dL) before re-treatment, compared with
3.52 mmol/L (14.08 mg/dL) before initial treatment with
zoledronic acid or pamidronate. Approximately 33% of
patients had baseline levels of PTHrP greater than 2 pmol/L.
Fifteen patients (22%) had refractory HCM.

After re-treatment with 8 mg of zoledronic acid, mean
CSC values decreased from 3.17 mmol/L at baseline to 2.71
mmol/L at day 10, and 36 patients (52%) achieved a CR by
day 10. The median duration of CR was 10.5 days, and the
median duration of response was 15 days. The median time
to relapse was 8 days.

Safety

The most common adverse events (fever, anemia, nausea,
constipation, and dyspnea) occurred with similar frequency
among the zoledronic acid 4- and 8-mg groups and the

Fig 3. CSC mean at baseline and days 4, 7, and 10 after treatment of
hypercalcemia with (v) zoledronic acid 4 mg, (f) zoledronic acid 8 mg, or
(Œ) pamidronate 90 mg. If calcium value is missing, then last value is carried
forward. Corrected day: see Fig 2 legend. Corrected days 4, 7, and 10,
zoledronic acid 4 mg versus pamidronate, P 5 .005, .001, and .001,
respectively; for zoledronic acid 8 mg versus pamidronate, P 5 .051, .003,
and .001, respectively.

Fig 2. Percent of patients achiev-
ing a CR (CSC < 2.7 mmol/L [10.8
mg/dL]). *Statistical significance ver-
sus pamidronate. Corrected day: day
4 5 days 2-5; day 7 5 days 6-8, day
10 5 days 9-11.
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pamidronate 90-mg group (Table 3). Adverse events sus-
pected to be drug-related included fever, hypophos-
phatemia, and asymptomatic hypocalcemia. Renal adverse
events were reported somewhat more frequently in the
zoledronic acid groups than in the pamidronate 90-mg
group. Two patients in the zoledronic acid 8-mg group and
one patient in the pamidronate 90-mg group developed
grade 4 serum creatinine values: Two patients developed
grade 3 creatinine changes in the zoledronic acid 4-mg
group and three patients each in the zoledronic acid 8 mg
and pamidronate 90-mg group (Table 4).

Two other serious adverse events were observed: one
patient in the zoledronic acid 4-mg group experienced
confusion and hallucination, and one patient in the pamidr-
onate 90-mg group developed thrombocytopenia. No treat-
ment-related deaths occurred.

DISCUSSION

This study represents the largest prospective, random-
ized, comparative, clinical trial ever conducted between two

bisphosphonates in HCM or other disease states. The
efficacy data demonstrate that a new heterocyclic nitrogen-
containing bisphosphonate, zoledronic acid, administered as
a single 5-minute IV infusion of 4 mg or 8 mg, is superior
to 90 mg of pamidronate in the treatment of moderate to
severe HCM. CSC normalized within 4 to 10 days in a
significantly greater proportion of patients treated with
either the 4- or 8-mg dose of zoledronic acid than with 90
mg of pamidronate. Furthermore, mean CSC was lower for
patients treated with zoledronic acid than with pamidronate
at each posttreatment evaluation. Of equal importance,
patients treated with zoledronic acid maintained a clinically
acceptable CSC level for a significantly longer time than
patients treated with the current standard therapy of 90 mg
of pamidronate. The prolonged response time as well as the
much shorter infusion time with zoledronic acid both
represent additional important treatment advances for these
terminally ill patients.

The 4-mg dose of zoledronic acid was as effective as the
8-mg dose in the HCM population as a whole. Subgroup
analysis showed zoledronic acid to be equally effective
regardless of sex, age, tumor type, presence or absence of
bone metastases, or serum level of PTHrP. The 8-mg dose
of zoledronic acid normalized calcium by day 4 in a slightly
greater proportion of patients and was associated with a
longer duration of response and time to relapse. However,
these differences may be of minor clinical significance for
the individual patient. Furthermore, patients in these clinical
trials had quite high mean CSC levels, with several patients
having values of 4.5 to 5.0 mmol/L (18 to 20 mg/dL).
Because many patients in clinical practice may have less
severe hypercalcemia, it seems prudent to recommend the
lower dose of 4 mg as initial therapy in most patients, with
the 8-mg dose reserved for patients requiring re-treatment.

The 52% re-treatment response rate observed in patients
with relapsed or refractory HCM, although not as impres-

Fig 4. Kaplan-Meier estimation of time to relapse of hypercalcemia after
treatment with (—) zoledronic acid 4 mg (median, 30 days), (- - - -) zoledronic
acid 8 mg (median, 40 days), or (– –) pamidronate 90 mg (median, 17 days).
Arrows denote censored time. Zoledronic acid 4 mg versus pamidronate, P
5 .001; zoledronic acid 8 mg versus pamidronate, P 5 .007.

Table 2. Complete Response Rate Day 10 of Initial Treatment for Selected Subgroups

Subgroup

Zoledronic Acid 4 mg Zoledronic Acid 8 mg Pamidronate 90 mg

No. of Patients % No. of Patients % No. of Patients %

Baseline CSC
, 3.4 mmol/L 39 87 54 90 38 78
$ 3.4 mmol/L 37 90 24 80 31 62

Bone metastases
Present 44 90 42 84 36 80
Absent 32 87 36 90 33 61

PTHrP level
# 2 pmol/L 55 89 53 90 48 74
. 2 pmol/L 17 85 19 76 17 71

Blood urea nitrogen/creatinine ratio
# 20 40 87 47 87 47 71
. 20 32 89 30 86 21 66
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sive as the effect of initial therapy, is still meaningful in this
patient population. Diminished responsiveness of HCM to
re-treatment with bisphosphonates has been suggested by
other trials with small numbers of re-treated patients.22,23

The response rate of 69.7% observed with 90 mg of
pamidronate in these trials was lower than expected. In
earlier HCM trials, 90 mg of pamidronate was reported to
normalize CSC in up to 100% of patients.14,24,25Changes in
cancer treatment and differences in study design may be
among the factors contributing to this difference. The previous
studies evaluated only 10 to 20 patients at the 90-mg dose, and
baseline CSC levels were lower than the 3.49 mmol/L (13.95
mg/dL) in the pamidronate group in the current trials. Earlier
studies with pamidronate also required up to 48 hours of

hydration before bisphosphonate treatment, and the degree of
hypercalcemia required for study entry as well as the definition
of response varied from study to study. The large number of
patients and centers participating in the trials reported here, as
well as the fact that response rates were similar between
studies, support the validity of the results for pamidronate as
well as zoledronic acid.

Although not as extensively tested as pamidronate or
zoledronic acid, other aminobisphosphonates have been
evaluated in HCM. The response rates reported with iban-
dronate in a recent trial were lower than those achieved with
zoledronic acid. Among 147 patients with a median baseline
CSC of 3.4 mmol/L, 76% and 77% of patients achieved
normocalcemia with 4 and 6 mg of ibandronate, respective-

Table 3. Number of Patients With Most Frequent Adverse Events (> 15%)

Zoledronic Acid 4 mg Zoledronic Acid 8 mg Pamidronate 90 mg Re-Treatment Zoledronic Acid 8 mg

No. of Patients % No. of Patients % No. of Patients % No. of Patients %

Patients studied
Total no. of patients

studied
86 100 98 100 103 100 70 100

Total no. of patients with
any adverse event

81 94.2 94 95.9 95 92.2 50 71.4

Adverse events
Fever 38 44.2 34 34.7 34 33.0 11 15.7
Anemia 19 22.1 27 27.6 18 17.5 8 11.4
Nausea 25 29.1 21 21.4 28 27.2 8 11.4
Constipation 23 26.7 19 19.4 13 12.6 5 7.1
Dyspnea 19 22.1 18 18.4 20 19.4 6 8.6
Confusion 11 12.8 15 15.3 13 12.6 4 5.7
Insomnia 13 15.1 15 15.3 10 9.7 2 2.9
Vomiting 12 14.0 15 15.3 17 16.5 5 7.1
Hypokalemia 10 11.6 12 12.2 16 15.5 4 5.7
Diarrhea 15 17.4 10 10.2 17 16.5 8 11.4
Abdominal pain 14 16.3 7 7.1 13 12.6 7 10.0

NOTE. Adverse events are sorted in descending frequency, as reported in the zoledronic acid 8-mg column.

Fig 5. Kaplan-Meier estima-
tion of the median duration CR.
Median duration of CR for 4 and 8
mg of zoledronic acid and 90 mg
of pamidronate are shown in the
box.
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ly.26 Response was dependent on ibandronate dose, severity
of hypercalcemia, and tumor type, with patients with breast
cancer and hematologic tumors having a better response
than patients with other tumor types. Single doses of 5, 10,
or 15 mg of alendronate sodium resulted in an overall CR
rate of 74% in 41 patients with an initial CSC of at least 2.88
mmol/L (11.5 mg/dL).23 The highest response rate of 90%
was achieved with 15 mg, but only 10 patients received
this dose.

The safety profile of zoledronic acid was similar to that of
pamidronate. The adverse events that were commonly
reported are not unexpected in patients with advanced
cancer, and the frequency of each type of adverse event was
generally similar among the zoledronic acid 4- and 8-mg
and pamidronate 90-mg groups. Hypocalcemia and hy-
pophosphatemia were somewhat more common after
zoledronic acid treatment than treatment with pamidronate,
presumably because of the more potent pharmacologic
activity of zoledronic acid.

Zoledronic acid has demonstrated a lower nephrotoxic
potential than pamidronate in two short-term rat models.27

However, bisphosphonates have been associated with im-
pairment of renal function.28 Therefore, monitoring of renal
function should be routine practice, particularly when pa-
tients have underlying or concomitant illnesses associated

with renal function impairment or have decreased renal
function before treatment or receiving the higher 8-mg dose.

Pamidronate has demonstrated long-term effectiveness
for treatment of bone metastases in large trials in patients
with multiple myeloma or breast cancer.29,30 Because
zoledronic acid has even greater pharmacologic effects on
bone, a number of phase III trials are underway or are being
initiated to investigate the activity of zoledronic acid in
treatment of cancer patients with bone metastases. Preclin-
ical data have also suggested that zoledronic acid may have
antitumor activity.31-36 These studies provide the clinical
rationale for trials investigating the potential of zoledronic
acid to prevent bone metastases in patients with breast and
prostate cancer.

In conclusion, IV zoledronic acid provides a more effec-
tive and more convenient treatment for HCM than pamidr-
onate, while maintaining a similar safety profile. Given that
pamidronate has been the standard of care for HCM until
now, it is likely that zoledronic acid will replace it as
first-line therapy.
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APPENDIX

The following investigators enrolled patients in this trial:N.S. Ichekmedyian, Pacific Shores Medical Group; S. West, Methodist Cancer Center;
J. Strupp, Dial Research Associates; S.S. McCachren, Thompson Cancer Survival Center; N. Abramson, Baptist Regional Cancer Institute; L. Baez,
Veterans Affairs Medical Center, San Juan; F.A. Bailey, ClinSites/SORRA Research Center; J. Berenson, Veterans Affairs Medical Center, Los
Angeles; L. Chua, Veterans Affairs Medical Center, Miami; R.M. Bukowski, The Cleveland Clinic Foundation; M. Ellis, Lombardi Cancer Center;
T. Guthrie; University of Florida, Jacksonville; L. Lessin, The Washington Cancer Institute; A. Lipton, Hershey Medical Center Division of
Hematology/Oncology; L. Meza, Louisiana State University Medical Center; W. Morley, American Medical Research Institute; K.B. Pendergrass,
Kansas City Internal Medicine; M.A. Scouros, MedTech Inc.; R.E. Smith, Baptist Cancer Institute; D. Tell; F. Wittlin, Memorial Regional Cancer
Center; R. Blanco, Bay Area Oncology; R. Gucalp, Montefiore Medical Center; D.H. Berdeaux, Benefis Health Care Hospital (West Campus); M.
Kasper, Texas Oncology, PA; R. Robbins, Memorial Sloan-Kettering Cancer Center; E. Cobos, Southwest Cancer Center; M. Levin, Brookdale
University Medical Center; J.J. Noy, Pharmaceuticals Research Inc Private Practice; L. Schwartzberg, Mid-South Clinical Research Institute; A.E.
Traynor, Northwestern Medical Faculty Foundation; R. Sadasivan; V. Roy, University of Oklahoma Health Services Center; P. Mena, Providence
St. Joseph Cancer Center; B. Durie, Cedars-Sinai Comprehensive Cancer Center; M. Arquette, Barnard Cancer Center; C. McMurty, McGuire
Veterans Administration Medical Center; S. Jagannath; J. Lutzky, Comprehensive Cancer Research Group; M. Jahanzeb, Comprehensive Cancer
Research Group; R. Siemers, North Memorial Health Care; L. Hutchins; J. Carpenter; University of Alabama at Birmingham; K. Bélanger, Centre
Hospitalier-Université de Montréal; A. Belch, Cross Cancer Institute; H. Hirte, Hamilton Regional Cancer Centre; I. Olver, Royal Adelaide Hospital;
R.M. Basser, Western General Hospital, Department of Oncology; M. Rosenthal, Royal Melbourne Hospital; J. Zalcberg, Peter MacCallum Cancer

Table 4. Number of Patients With Common Toxicity Criteria Grade 3 or 4 Serum Creatinine Values

Zoledronic Acid 4 mg (n 5 86) Zoledronic Acid 8 mg (n 5 96) Pamidronate 90 mg (n 5 100)
Re-Treatment Zoledronic Acid

8 mg (n 5 68)

No. of Patients % No. of Patients % No. of Patients % No. of Patients %

Serum creatinine
Grade 3 2 2.3 3 3.1 3 3.0 1 1.5
Grade 4 0 2 2.1 1 1.0 1 1.5

565ZOLEDRONIC ACID IN THE TREATMENT OF HCM

Copyright © 2001 by the American Society of Clinical Oncology. All rights reserved. 
Information downloaded from jco.ascopubs.org and provided by COLUMBIA UNIV on June 14, 2009 from 128.59.29.217. 



Institute; P. Mitchell, Austin & Repatriation Medical Centre; J. Levi, Royal North Shore Hospital; P. de Souza, St. George Hospital; J. Stewart,
Newcastle Mater Misercordiae Hospital, Department of Medical Oncology; P. Craft, The Canberra Hospital; D. Wyld, Royal Brisbane Hospital; I.
Kennedy Waikato Hospital; M. Beaudouin, Hospital de Jolimont; P. Recloux, CIU Ambroise Paré; S. Van Belle, U.Z. Gent; A. Van Oosterom, UZ
Gasthuisberg; G. Romieu, Centre Val d’Aurelle; M. Tubiana-Hulin, Centre Rene Huguenin; T. Facon, C.H.R.U. de Lile; T Delozier, Centre Francois
Baclesse; S. Ben Ahmen, CHU Ferhat Hached; M. Frikha, CHU Habib Bourguiba; I. Diel, Universitats Frauenklinik; M. Glaubitz, Kliniken der Med
Hochschule; U. Gatzemeier, Krankenhaus der LVA Hamburg; M. Schülle, Städtisches Krankenhaus Martha Moria; R. Fuchs, St. Antonius-Hospital;
A. Schalhom, Univ. Klinikum Grosshadern; G. Schilmok, Zentral Klinikum Augsburg; K. Bremer, Augusta-Krankenanslaft; H.N. Macha,
Lungenklinik; M. Dank, SOTE Radiologial es Onkoterapias Klinika; Z. Papai, Orszagos Koranyi TBC es Pulmonolagiai Interzet; T. Pinter, Petz
Aladar Megyei Korhaz Onkologiai Oszlaly; S. Brugnatelli, Policlinico S. Matteo; V. Lo Cascio, Policinico Borgo Roma; M. Aglietta, Ospedale
Mauriziano Umberto I; B. Bergman, Sahlgrenska University Hospital; E. Lidbrink, Huddinge Hospital; M. Soderberg, Centralsjukhuset; R.
Coleman, Yorkshire Cancer Research Campaign, Western Park Hospital; K. Broadley, Royal Marsden National Health Service Trust; A. Howell,
Christie Hospital; and W. Fraser, Royal Liverpool Hospital.
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