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R E V I E W

Treating Cancer-Related Hypercalcemia 
With Gallium Nitrate
Brian Leyland-Jones, MD

Abstract Gallium nitrate is an approved therapy for symptomatic, can-
cer-related hypercalcemia unresponsive to adequate hydration, the 
most common life-threatening metabolic disorder of cancer. Initially de-
veloped because of its antineoplastic properties, gallium nitrate demon-
strated the ability to reduce serum calcium levels in early trials. Although 
the mechanism by which gallium nitrate corrects hypercalcemia is not 
fully understood, it appears to involve multiple effects (inhibition of os-
teoclast-mediated bone resorption, stimulation of bone formation, and 
alteration of the mineral composition and properties of bone); however, 
gallium nitrate is not cytotoxic to bone cells. In randomized trials for 
moderate-to-severe cancer-related hypercalcemia, gallium nitrate was 
well tolerated and produced a higher rate and longer duration of nor-
mocalcemia relative to calcitonin and the bisphosphonates etidronate 
and pamidronate. Gallium nitrate induced normocalcemia in 72% to 
82% of patients; in contrast to the comparator agents, it was effective 
regardless of epidermoid tumor status. Epidermoid tumors are associat-
ed with high levels of parathyroid hormone-related protein (PTHrP), the 
principal mediator of cancer-related hypercalcemia in solid tumors. High 
levels of PTHrP appear to adversely impact the calcium-lowering poten-
tial of bisphosphonates. The recommended schedule of gallium nitrate 
for the treatment of cancer-related hypercalcemia is 200 mg/m2 per day 
as a 5-day continuous intravenous infusion, administered with adequate 
hydration and close monitoring of renal function. Gallium nitrate is an 
effective treatment option for moderate-to-severe cancer-related hyper-
calcemia, a setting in which morbidity and mortality are high.

H 
ypercalcemia is the most commonly re-
ported life-threatening metabolic disor-
der in patients with cancer, with an in-
cidence estimated at 10% to 20% overall 

but varied greatly across tumor types (reportedly 
as high as 30% to 40% in patients with breast 
cancer, lung cancer, or multiple myeloma) [1–4]. 
Cancer-related hypercalcemia, with a prognostic 
factor for survival of less than 1 year [5], is partic-
ularly prevalent among patients with treatment-
refractory advanced disease [4]. Patients with 
moderate-to-severe hypercalcemia, defined as a 
corrected (for albumin) total serum calcium level 
of 12–14 mg/dL, are likely to be symptomatic [3]. 

Manifestations of hypercalcemia may occur in 
virtually any organ system given the prominent role 
of calcium in maintaining cell membrane perme-
ability and can easily be mistaken for underlying 
disease processes (including brain metastases) or 
anticancer therapy-associated toxicity. The clini-
cal sequelae of hypercalcemia are not only poten-
tially fatal but can also adversely impact quality of 
life, with a symptomatology that includes anorexia, 
nausea and vomiting, constipation, polyuria, bone 
pain, mental status changes, and lethargy.

In the pathogenesis of cancer-related hypercal-
cemia, the current understanding is that a) hu-
moral factors released by tumor cells are primarily 
responsible for disrupting normal calcium homeo-
stasis; and b) local factors secreted by tumor cells 
in bone play a contributory role by directly stimu-
lating osteoclastic resorption [6]. These humoral 
and local factors ultimately accelerate osteoclastic 
bone resorption in conjunction with some degree 
of stimulation of calcium reabsorption from the 
renal tubules. In a study of 30 patients with solid 

tumors who had humoral hypercalcemia, all pa-
tients had detectable or increased plasma levels 
of parathyroid hormone-related protein (PTHrP) 
[7]—now regarded as the principal mediator of 
cancer-related hypercalcemia in patients with 
solid tumors [4].

Despite advances in facilitating the diagnosis 
and treatment of cancer-related hypercalcemia, a 
recent prospective study found that less than 40% 
of hospitalized patients with cancer who developed 
hypercalcemia received specific hypocalcemic 
therapy [8]. Hypercalcemia-targeted intervention 
may be intentionally withheld in patients known 
to be suffering from rapidly progressive end-stage 
disease [3], but reducing the associated morbidity 
and mortality of hypercalcemia is desirable in most 
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cases. As patients typically exhibit dehydration at 
diagnosis of hypercalcemia, hydration via intrave-
nous fluids is fundamental to initial management 
efforts [3]. Treating the underlying disease, albeit 
the most effective means of ameliorating cancer-
related hypercalcemia, may not be feasible in the 
short or long term; therefore, normalizing serum 
calcium levels typically requires definitive phar-
macologic therapy with the ability to inhibit bone 
resorption and further promote renal calcium ex-
cretion (ie, calciuresis) [6].

According to the National Cancer Institute 
(NCI), hypercalcemia should be treated with one 
of the following four agents (Figure 1): pamidro-
nate, a second-generation nitrogen-containing 
bisphosphonate; salmon calcitonin; plicamycin 
(Mithracin), an osteoclast RNA synthesis inhibi-
tor; or gallium nitrate (Ganite), the hydrated ni-
trate salt of the group IIIa element gallium [3]. 
Of note, a pooled analysis of two randomized 
trials found that the newer nitrogen-containing 
bisphosphonate, zoledronic acid (Zometa), was 
more effective than pamidronate in cancer-re-
lated hypercalcemia [9].

Gallium nitrate, initially evaluated by the NCI 
as an antineoplastic agent, was serendipitously 
found to induce transient hypocalcemia in cancer 
patients with previously normal serum calcium 
concentrations [10], prompting subsequent de-
velopment of gallium nitrate as an antihypercal-
cemic agent [11].

Gallium Nitrate in Cancer-Related 
Hypercalcemia

Although gallium nitrate is believed to in-
hibit calcium resorption from bone, in vitro and 
animal studies have yet to precisely characterize 
its mechanism of hypocalcemic action. It is well 
established, however, that gallium nitrate is non-
cytotoxic to bone cells and does not function as 
a metabolic toxin for osteoclasts [12]. In preclini-
cal studies, gallium has been shown to preferen-
tially accumulate in metabolically active regions 
of bone [12–15] and to exert a broad range of 
effects that include inhibition of osteoclast-medi-
ated bone resorption (without general metabolic 
inhibition) [11, 16–18], stimulation of bone for-
mation [19], and alteration of the mineral com-
position and properties of bone [12, 13, 15, 20, 
21] (Table 1). There is evidence that bone-bound 
gallium reversibly and directly inhibits osteoclast 
activity [16, 22] via pH-dependent release of the 

Correct dehydration 
due to calciuresis and vomiting with IV 
hydration using isotonic saline

Prevent or manage fluid overload
with a diuretica (eg, furosemide 20–40 mg every
12 hours)

Treat hypercalcemia 
with one of the following regimens:

• Pamidronate, 60–90 mg IV over 2–24 hoursb

• Calcitonin, 4 IU/kg SC or IM every 12 hours

• Plicamycin, 25−30 µg/kg IV over 30 minutes

• Gallium nitrate, 200 mg/m² per day IV over 
 24 hours × 5 days

Additional information:

• Educate the patient and family members 
 on the preventative measures available
 and the signs and symptoms of hyper-
 calcemia to report to the healthcare 
 provider

• Offer supportive care to protect from 
 injuries, prevent fractures, and manage 
 symptoms

Figure 1 Management of Hypercalcemia
Treatment algorithm in the management of hypercalcemia. 
IV = intravenously; SC = subcutaneously; IM = intramuscularly
aThiazide diuretics are contraindicated in this setting.
bBased on data from randomized trials of pamidronate vs 
zoledronic acid in treating cancer-related hypercalcemia, 
zoledronic acid is the more effective second-generation ni-
trogen-containing bisphosphonate.9

Table 1

Potential Mechanisms of Action for 
Gallium Nitrate in Hypercalcemia

INHIBITION OF BONE RESORPTION EFFECTS ON BONE

Direct inhibition of osteoclast activity without  Increased calcium and phosphorus 
general metabolic inhibition via pH-dependent deposition into bone 
release of gallium from bone mineral and  
inhibition of ATPase-dependent proton pump Increased bone formation 
 
Increased resistance to osteoclast-mediated Potentially increased collagen 
resorption via enhancement of hydroxyapatite synthesis 
crystallization and reduction of bone mineral  
solubility Not cytotoxic to bone cells
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group IIIa element by osteoclastic acid, thereby 
auto-inhibiting the ATPase-dependent proton 
pump on the osteoclast “ruffled membrane” [22, 
23]. Overall, gallium nitrate appears to have a 
multifaceted mechanism of action [24] that is 
distinct from the bisphosphonates and other hy-
pocalcemic agents [17, 22, 23].

Randomized Trials in Moderate-
to-Severe Hypercalcemia

The therapeutic potential of gallium nitrate 
for cancer-related hypercalcemia was evident 
in early open-label studies published during the 
mid-1980s [11, 25]. Subsequently, the relative 
efficacy of gallium nitrate versus calcitonin [26], 
etidronate [27], and pamidronate [28] in acutely 
controlling cancer-related hypercalcemia was 
evaluated in randomized, double-blind studies 
(Table 2). All three studies enrolled hospitalized 
patients with moderate-to-severe cancer-related 
hypercalcemia and used similar eligibility criteria, 
which included histologic diagnosis of cancers 
other than parathyroid carcinoma or malignant 
lymphoma; persistent elevation of total corrected 
(for albumin) serum calcium concentration ≥ 12.0 
mg/dL; a serum creatinine level ≤ 2.5 mg/dL; and 
no cytotoxic chemotherapy, irradiation, or plica-
mycin within the previous 7 days.

Patients were required to receive intravenous 
(IV) hydration with or without diuretics for at 
least 1 day [28] or 2 days [26, 27] before entry, 
and no concomitant aminoglycoside therapy was 
permitted during the study periods. Supplemental 

hypocalcemic medication was not allowed (with 
the exception of corticosteroids provided that 
the dose was stable or on a decreasing trend at 
the time of entry.) Normocalcemia, the primary 
outcome in each study, was defined as a normal 
serum calcium value that occurred no later than 7 
days after treatment in the absence of additional 
hypocalcemic or systemic antitumor therapy. Pa-
tients with a decrease in serum calcium that did 
not reach the threshold for normocalcemia or 
patients who died during the study with docu-
mented hypercalcemia at the time of death were 
considered treatment failures.

Gallium Nitrate Versus Calcitonin
In the first comparative study of gallium nitrate 

for moderate-to-severe cancer-related hypercal-
cemia, conducted at Memorial Sloan-Kettering 
Cancer Center (MSKCC), 50 patients were ran-
domized to receive gallium nitrate (n = 24) or 
calcitonin (n = 26) [26]. All patients received IV 
hydration for a 48-hour period, followed by gal-
lium nitrate (200 mg/m2 per day) as a 5-day con-
tinuous IV infusion or calcitonin (at the maximal-
ly recommended dose of 8 IU/kg intramuscularly) 
every 6 hours for 5 days.

Gallium nitrate and calcitonin induced nor-
mocalcemia in 75% (18 of 24) and 31% (8 of 26) 
of patients, respectively, with a significant (P = 
0.002) between-group difference of 44% (95% 
confidence interval [CI], 19%–69%; Figure 2). 
Additionally, the median duration of normocalce-
mia of 6 days (range, 1–15+ days) in the gallium 

Leyland-JonesTable 2

Comparative Trials of Gallium Nitrate in Cancer-related Hypercalcemia
  NORMOCALCEMIC MEDIAN DURATION OF 
STUDY REGIMENS RESPONSE RATE RESPONSE (RANGE)

Warrell et al 198826 Gallium nitrate, 200 mg/m2 per day CIVI 75%a 6 days 
 × 5 days (18/24) (1–15+ days)

 Calcitonin, 8 IU/kg IM every 6 h 31% 1 day 
 × 5 days (8/26) (1–4 days)

Warrell et al 199127 Gallium nitrate, 200 mg/m2 per day CIVI 82%b 8 days 
 × 5 days (28/34) (0–54+ days)

 Etidronate, 7.5 mg/kg per day 4-hr IV 43% 0 day 
 × 5 days (16/37) (0–23+ days)

Bertheault-Cvitkovic Gallium nitrate, 200 mg/m2 per day CIVI 72% NR 
et al 199628 × 5 days (23/32) (NR)

 Pamidronate, 60 or 90 mg 24-hr IV × 1 day 59% NR 
 ⇒ placebo infusions × 4 days (19/32) (NR)

Abbreviations: CIVI = continuous intravenous infusion; IM = intramuscularly; IV = intravenously; NR = not reported
a 

Significantly (P = 0.002) greater than calcitonin
b 

Significantly (P < 0.001) greater than etidronate

Peer viewpoints on this 
article by Drs. Harold 
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Almokadem, and Rasim 
Gucalp appear on 
pages 516 and 518.
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nitrate group was significantly (P < 0.001) longer 
than the 1-day median duration (range, 1–4 days) 
seen with calcitonin. When less conservative cri-
teria were used (in which serum calcium was not 
corrected for albumin and patients were not cen-
sored when cytotoxic or additional hypocalcemic 
measures were initiated), the median duration of 
normocalcemia was 11+ days with gallium nitrate 
versus 2 days with calcitonin (P < 0.01).

With pre-existing evidence suggesting greater 
resistance to hypocalcemic therapy among patients 
with epidermoid carcinomas (believed to com-
monly express PTHrP [7, 29, 30]), patients were 
stratified by epidermoid status prior to randomiza-
tion [26]. Gallium nitrate induced normocalcemia 
in 75% (9 of 12) of patients in both the epider-
moid and nonepidermoid subgroups, whereas cor-
responding response rates to calcitonin were 22% 
(2 of 9) and 44% (7 of 16), respectively. In both 
histologic subsets, gallium nitrate was significantly 
(P = 0.0012) more effective than calcitonin.

During the 5-day treatment period, no signifi-
cant differences were observed between the 2 treat-
ments in terms of fluid/diuretic use, median survival, 
or the proportion of patients experiencing improved 
mental/performance status. Of those patients with 
impaired mental status at baseline, 46% in the gal-
lium nitrate group and 27% in the calcitonin group 
improved (P = 0.16); performance status improved 
in twice as many patients treated with gallium ni-
trate than with calcitonin (24% vs 12%; P = 0.12).

Two patients in the gallium nitrate group and 
one patient in the calcitonin group developed 
acute renal failure (incidences of 8% and 4%, re-
spectively; P > 0.4); of note, one of the patients in 
the gallium nitrate group had a history of nephrec-
tomy and received a gentamicin loading dose in 
violation of the study protocol. Between-group 
differences in mean serum creatinine values were 
not significantly different at any time. Mean se-
rum phosphorus levels decreased in both groups 
to a similar degree. Reported adverse events were 
similar between the two groups, with the excep-
tion of a significantly higher incidence of asymp-
tomatic hypophosphatemia with gallium nitrate 
(91% vs 45% with calcitonin; P = 0.001) and 
more nausea and vomiting with calcitonin (that 
approached but did not reach significance: 35% vs 
14% with gallium nitrate; P = 0.094).

This comparative trial demonstrated that gal-
lium nitrate was superior to maximally approved 
doses of calcitonin in acutely controlling cancer-
related hypercalcemia. From a clinical practice 
standpoint, using calcitonin for hypercalcemia is 
limited by its short duration of action, with di-
minishing effects after 48 hours despite continued 
treatment [26, 31], as well as a high incidence of 
tachyphylaxis [3]. However, with a rapid onset 
of action occurring within 2 to 4 hours, calcito-
nin can be used as a bridge for lowering calcium 
levels within hours while awaiting the onset of a 
concurrently administered agent with less quickly 
attainable but more potent and/or prolonged hy-
pocalcemic effects [3].

Gallium Nitrate Versus Etidronate
In a randomized, double-blind, multicenter 

study, 71 patients with moderate-to-severe hy-
percalcemia received gallium nitrate (n = 34) or 
the bisphosphonate etidronate (n = 37) [27]. At 
the time of the study, etidronate had just been ap-
proved for use in this setting. After stratification 
by epidermoid and performance status, patients 
were randomized to receive gallium nitrate at 200 
mg/m2 per day as a 5-day continuous IV infusion or 
etidronate at 7.5 mg/kg daily as a 4-hour IV infu-
sion for 5 days.

Compared with etidronate, gallium nitrate was 
associated with a significantly higher rate of nor-
mocalcemia and longer duration of response, as 
well as significantly lower supplemental pharma-
cologic and fluid requirements. Normocalcemic 
response rates were 82% (28 of 34) with gallium 
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nitrate versus 43% (16 of 37) with etidronate (P 
< 0.001), lasting for a median of 8 days (range, 
0–54+ days) versus 0 days (range, 0–23+ days), 
respectively (P = 0.0005). When evaluating re-
sponders only, the median response duration also 
significantly favored those treated with gallium 
nitrate, but to a lesser degree (P = 0.04). As 
additional evidence of persistent hypercalcemia 
among etidronate-treated patients, significantly 
more IV fluids (P = 0.04) were administered 
during the 5 days following completion of study 
treatment, and significantly more patients re-
ceived additional hypocalcemic drug treatment 
during days 4 to 15 of the study (27% vs 9% with 
gallium nitrate; P < 0.05).

Mental status and performance status im-
proved in 33% and 24% of gallium nitrate-treated 
patients, respectively, and in 38% and 16% of 
etidronate-treated patients, respectively, with no 
significant differences between the two groups. 
As noted by the investigators, the quality-of-life 
benefits were likely underestimated given that ob-
servations were censored when cytotoxic therapy 
was administered or hospital discharge occurred, 
thereby excluding some normocalcemic respond-
ers from the analysis.

Gallium nitrate was more effective than etidro-
nate in all subgroup analyses (ie, histology, bone 
involvement, and severity of hypercalcemia; Fig-
ure 3). Gallium nitrate was associated with a 74% 
(14 of 19) response rate in patients with epider-
moid tumors and induced normocalcemia in all 
but one patient with a tumor of nonepidermoid 
histology, for a response rate of 93% (14 of 15) in 
this latter subset. In both histologic subsets, less 
than half of the patients (43% per subgroup) at-
tained normocalcemia with etidronate.

No treatment group differences were observed 
in mean daily serum creatinine levels or in the 
incidence of renal insufficiency, defined as serum 
creatinine ≥ 2.5 mg/dL irrespective of a possible 
relationship to treatment. Serum creatinine levels 
peaked no earlier than day 10 in all 5 patients with 
renal insufficiency in the gallium nitrate group; con-
versely, the peak occurred on or before day 7 in all 4 
patients in the etidronate group. The investigators 
compared the rates of renal insufficiency—15% 
with gallium nitrate and 11% with etidronate—to 
those seen in patients ineligible for study participa-
tion who had moderate-to-severe hypercalcemia 
post hydration and concluded that the study treat-
ments did not increase the rate of renal sufficiency 

(the incidence was 13% for the control group). 
Whereas the gallium nitrate group experienced 
a significantly higher incidence of asymptomatic 
hypophosphatemia (97% vs 43% with etidronate;  
P < 0.001), hyperphosphatemia was more com-
monly seen in etidronate-treated patients (11% vs 
0% with gallium nitrate; P value not reported).

Gallium Nitrate Versus Pamidronate
The most recently conducted comparative trial 

of gallium nitrate for moderate-to-severe cancer-
related hypercalcemia was an international trial 
in which 64 patients were randomized to receive 
gallium nitrate (n = 32) or pamidronate (n = 32) 
[28]. As in the prior studies, the gallium nitrate 
regimen was administered at 200 mg/m2 per day as 
a 5-day continuous IV infusion. Pamidronate was 
administered as a 24-hour IV infusion followed 
by 4 days of placebo infusions, and patients were 
treated at one of two dose levels: 60 mg or 90 mg if 
serum calcium levels were < 13.5 mg/dL or ≥ 13.5 
mg/dL, respectively.

Gallium nitrate was more effective than pami-
dronate in reducing serum calcium levels, produc-
ing a normocalcemic response rate of 72% (23 
of 32) versus 59% (19 of 32) with pamidronate. 
Among patients with initial serum calcium levels 
≥ 13.5 mg/dL, reflecting more severe cancer-re-
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lated hypercalcemia, responses to pamidronate 
were similar between the two dose levels—54% 
and 50% for 60 mg and 90 mg, respectively—and 
were lower than the 71% response rate achieved 
with gallium nitrate. When comparing patients re-
sponding to gallium nitrate versus pamidronate, 
there was an equivalent likelihood of maintain-
ing normocalcemia for at least 7 days. Patients 
treated with pamidronate had a 28% (9 of 32) 
mortality rate 3 weeks after randomization, as 
compared with 13% (4 of 32) mortality for pa-
tients treated with gallium nitrate (a proposed 
explanation for this apparent between-group dis-
parity was not reported).

Gallium nitrate was more effective than pami-
dronate in patients with epidermoid cancers, with 
response rates of 68% versus 33%, respectively. In 
patients with nonepidermoid tumors, normocal-
cemic response rates were even higher and were 
similar between the two treatments: 73% for gal-
lium nitrate and 81% for pamidronate (Data on 
file, Genta Incorporated).

Both drugs were characterized as well toler-
ated, with no significant nephrotoxicity in either 
group [28]. As expected based on prior experi-
ences, gallium nitrate was associated with a sig-
nificantly higher incidence of asymptomatic hy-

pophosphatemia than was pamidronate (Data on 
file, Genta Incorporated).

Consistent with the two fully published com-
parative trials [26, 27], gallium nitrate was more 
effective than pamidronate [28] in treating hyper-
calcemia. Currently, there is no evidence that any 
bisphosphonate is as effective as gallium nitrate in 
hypercalcemic patients with tumors of epidermoid 
histology. The efficacy of gallium nitrate in this 
subset of patients may be related to the high-level 
PTHrP expression characteristic of epidermoid 
tumors; this relationship is speculative, however, 
as levels of PTHrP were not directly measured in 
the clinical studies reported to date.

Practical Considerations
Gallium nitrate is indicated for symptomatic 

cancer-related hypercalcemia when initial hydra-
tion efforts are unsuccessful in restoring normal 
calcium levels. Practical considerations prior to 
and during gallium nitrate therapy are outlined 
in Table 3. Gallium nitrate has a long duration of 
action and may be discontinued as soon as nor-
mocalcemia is achieved—regardless of whether 
the 5-day course has been completed. When cli-
nicians are faced with severe hypercalcemia, con-
current administration of calcitonin and gallium 
nitrate may be beneficial [4]; however, the rela-
tive merits of this combination over single-agent 
gallium nitrate have not been formally evaluated 
in a clinical trial.

In contrast to calcitonin and agents in the 
bisphosphonate class, comparative trials have dem-
onstrated that gallium nitrate is effective regardless 
of epidermoid status (Table 4), providing suggestive 
evidence of activity against hypercalcemia medi-
ated by high levels of PTHrP. Although etidro-
nate was shown to be equally effective in patients 
with epidermoid versus nonepidermoid tumors, 
normocalcemic response rates in both histologic 
subsets were lower than those seen with gallium 
nitrate. Bisphosphonates appear to be less effec-
tive in hypercalcemic patients with high levels of 
PTHrP [32–34].

The continuous IV administration schedule 
of gallium nitrate is not as convenient as that of 
bisphosphonates. Hospitalized patients with mod-
erate-to-severe hypercalcemia routinely receive 
IV fluids, however, negating the inconvenience 
of gallium nitrate therapy in an inpatient setting. 
In cases where outpatient therapy is desired, gal-
lium nitrate can be administered via an ambula-

Table 3

Gallium Nitrate Therapy: Practical Considerations

Establish satisfactory urine output prior to instituting treatment with gallium nitrate.

Dosing of gallium nitrate: 
 • Usually given at the recommended dose of 200 mg/m2 per day as a 5-day  
  continuous IV infusion. 
 • Lower dose (100 mg/m2 per day) can be considered in patients with mild  
  hypercalcemia and minimal symptoms.

Hydration efforts: 
 • Adequate hydration is required during gallium nitrate therapy, defined as a  
  minimum of 2,000 mL of oral or IV fluid. 
 • Overhydration can be problematic (particularly when cardiovascular status is 
  compromised) and therefore must be avoided.

Promptly discontinue gallium nitrate if serum creatinine level exceeds 2.5 mg/dL, as 
the drug is contraindicated in patients with severe renal impairment (ie, serum creati-
nine level ≥ 2.5 mg/dL).

If use of a potentially nephrotoxic drug is necessary: 
 • Gallium nitrate should be discontinued. 
 • Continue hydration for several days after administration of the potentially  
  nephrotoxic drug.

If hypocalcemia occurs, gallium nitrate should be stopped, and short-term calcium 
therapy may be required.

Gallium nitrate-related hypophosphatemia is typically of an asymptomatic and tran-
sient nature but may require oral phosphorus therapy.

IV = intravenously

Hypercalcemia 
and Gallium 
Nitrate
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tory pump. If re-hydration does not produce an 
adequate response or if a bisphosphonate is select-
ed as initial therapy but is ineffective in lowering 
calcium levels sufficiently, therapy with gallium 
nitrate is a reasonable option.

Gallium nitrate is well tolerated in patients 
with cancer-related hypercalcemia. The incidence 
of renal insufficiency with gallium nitrate in con-
trolled studies was similar to that reported for 
comparator agents. Nonetheless, gallium nitrate 
has the potential to impair renal function, mani-
fested by elevations in serum creatinine and blood 
urea nitrogen (BUN); concomitant use of gallium 
nitrate and other potentially nephrotoxic drugs 
may increase the risk of severe renal insufficiency. 
Other possible adverse effects include a decrease 
in serum bicarbonate, a decrease in blood pres-
sure, anemia, and rarely optic neuritis, tinnitus, or 
partial loss of auditory acuity.

Summary
Gallium nitrate appears to have a multifaceted 

mechanism of action (directly inhibits osteoclast 
activity, increases calcium/phosphorus deposition 
into bone, and increases bone formation) without 
being cytotoxic to bone cells. This mechanism of 
action inhibits osteoclast-mediated bone resorp-
tion, which is the main process underlying the 
pathogenesis of cancer-related hypercalcemia. 
Clinically, randomized controlled trials have con-
sistently shown that administering gallium nitrate 
200 mg/m2 per day as a 5-day continuous IV in-
fusion is well tolerated and effective in treating 
moderate-to-severe cancer-related hypercalce-
mia. Normocalcemic response rates ranged from 
72% to 82% for gallium nitrate versus 31% to 59% 
with the comparator agents, with the differences 
reaching significance in the two studies for which 
statistical differences were reported.

Duration of response likewise was consider-
ably longer in gallium nitrate-treated patients. 
In the studies reporting this outcome, both using 
highly conservative criteria, median durations of 
response with gallium nitrate were 6 days and 8 

days—starkly contrasting with the corresponding 
values of 1 day and 0 days for calcitonin and eti-
dronate, respectively. Based on the comparative 
trial experience, gallium nitrate is more effective 
than any other hypocalcemic agent in patients 
with epidermoid tumors (histology associated 
with high-level PTHrP expression), generally 
producing normocalcemic response rates equiva-
lent to those attainable in patients with nonepi-
dermoid tumors.

In light of the prominence of PTHrP in me-
diating humoral cancer-related hypercalcemia 
in patients with solid tumors, these histologic 
findings are clinically relevant and justify con-
sideration of gallium nitrate for management of 
this problem. Elevations in serum creatinine and 
BUN levels may occur during gallium nitrate 
therapy, but rates of renal insufficiency were low 
in the randomized trials and not greater than 
those seen with the comparator agents—pos-
sibly a consequence of proper patient selection, 
adequate hydration, and renal function monitor-
ing. Gallium nitrate is an effective and well-tol-
erated option for managing symptomatic, can-
cer-related hypercalcemia that is unresponsive 
to adequate hydration and may also be useful in 
patients with an inadequate response to bisphos-
phonate therapy.

Table 4

Responses in Comparative Trials of Gallium Nitrate by  
Tumor Histology

  NORMOCALCEMIC RESPONSE RATE

STUDY HYPOCALCEMIC THERAPY EPIDERMOID  NONEPIDERMOID

Warrell et al 198826 Gallium nitrate × 5 days 75%a 75%a 
  
 Calcitonin × 5 days 22% 44%

Warrell et al 199127 Gallium nitrate × 5 days 74% 93% 
  
 Etidronate × 5 days 43% 43%

Bertheault-Cvitkovic  Gallium nitrate × 5 days 68% 73% 
et al 199628  
 Pamidronate × 1 day 33% 81%

a Significantly greater than calcitonin, for both epidermoid (P = 0.0012) and nonepidermoid (P = 0.0012) tumors
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Hypercalcemia 
and Gallium 
Nitrate Commentary by Harold A. Harvey, MD, and Salah 

M. Almokadem, MD 

T umor-related hypercalcemia is a well-
recognized metabolic complication of 
several different types of malignancies. 

In recent years, however, the prevalence of this 
condition appears to be decreasing, in part due to 
more effective systemic cancer treatment and also 
to the more widespread use of bisphosphonates. 
The article by Dr. Leyland-Jones is a timely and 
thorough review of the clinical data supporting 
the use of gallium nitrate (Ganite) as therapy for 
tumor-related hypercalcemia. Gallium nitrate is a 
relatively effective treatment for malignancy-as-
sociated hypercalcemia but is little used because 
of the availability of other agents.

As noted by the author, hypercalcemia causes 
significant impairment of quality of life of patients 
with cancer. Symptoms of tumor-related hypercal-
cemia may be nonspecific, but early recognition 
and appropriate management can enhance the 
supportive care of critically ill patients. Treatment 
principles include vigorous hydration, treatment 
of the underlying malignancy, and use of antire-
sorptive agents. The author notes that the hypo-
calcemic effects of gallium nitrate are mediated 
by several different mechanisms that distinguish 
it from other agents [1]. However, most authorities 
believe that the action of gallium nitrate is prin-
cipally antiresorptive and related to the effect of 
the drug on osteoclast function.

The phase III clinical trials reviewed by Leyland-
Jones support the conclusion that gallium nitrate 
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is more effective than calcitonin, etidronate, and 
possibly pamidronate and is associated with no 
greater overall toxicity. However, the review pres-
ents no comparable data or discussion about 
more potent bisphosphonates, such as zoledron-
ic acid (Zometa) or ibandronate (Boniva). The 
median duration of normocalcemia induced by 
gallium nitrate was 6 to 8 days. This is longer than 
was reported with calcitonin and etidronate but 
is clearly inferior to the results recently observed 
for newer bisphosphonates [2]. 

The author suggests that gallium nitrate is 
more effective in treating hypercalcemia associ-
ated with squamous cell histologies, presumably 
because of higher levels of parathyroid hormone-
related protein (PTHrP). Notably, the clinical trials 
did not have significant numbers of patients in 
whom serum PTHrP levels were directly mea-
sured, so this speculation is tentative at best. The 
author is dismissive of the issues of cost and the 
inconvenience of administering gallium nitrate as 
a 24-hour infusion over 5 days. These factors have 
become major practical concerns. A successful, 
randomized clinical trial comparing gallium ni-
trate with newer, more potent bisphosphonates 
as treatment of hypercalcemia is unlikely.

Early clinical experience with gallium nitrate 
suggested a significant potential for nephrotox-
icity. The actual clinical trial data presented in 
this review show that rises in creatinine levels 
following the use of gallium nitrate as treatment 
for hypercalcemia are no greater than those seen 
following calcitonin or some bisphosphonates.

The review presents a somewhat outdated 
treatment algorithm. In our experience, calcito-
nin is now seldom used because of its generally 
transient effect, and plicamycin (Mithracin) has 
been removed from many hospital formularies. 
The availability of an agent such as zoledronic 
acid, which is highly effective, long acting, and 

conveniently administered over 15 minutes, has 
significantly changed the relevance of the sug-
gested algorithm. In clinical practice, resistance to 
zoledronic acid is relatively uncommon and can 
be managed by increasing the dose from 4 mg 
to 8 mg or by increasing the frequency of dos-
ing. Nevertheless, faced with the clinical problem 
of refractory hypercalcemia, the availability of an 
effective agent with potentially different mecha-
nisms of action would be useful.

This excellent review suggests that gallium 
nitrate could fill such a niche in the treatment of 
hypercalcemia of malignancy. Should the clinical 
trials of gallium nitrate cited by the author prove 
that the drug is an effective antineoplastic agent, 
it could become the drug of choice for treating 
hypercalcemia associated with sensitive tumor 
types,or malignancies where high serum levels 
of PTHrP can be shown to require this approach.

In current practice, based on considerations 
of efficacy, safety and convenience, zoledronic 
acid remains our drug of choice for treating tu-
mor-related hypercalcemia. This article focusing 
on gallium nitrate does not provide a persuasive 
case for changing this practice.

Harold A. Harvey, MD
Professor of Medicine

Salah M. Almokadem, MD
Fellow

Division of Hematology/Oncology
Penn State Milton S. Hershey Medical Center

Penn State College of Medicine
Hershey, Pennsylvania
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Commentary by Rasim Gucalp, MD 

D r. Leyland-Jones has presented an excel-
lent review on the role of gallium nitrate 
(Ganite), a somewhat forgotten but ef-

fective agent in the treatment of tumor-induced 
hypercalcemia. However, during the past two 
decades, other effective and well-tolerated 
drugs, such as the bisphosphonates, which are 
more easily administered than gallium nitrate, 
have emerged as first-line treatment of tumor-
induced hypercalcemia [1, 2]. Early randomized 
trials with gallium nitrate and pamidronate 
demonstrated not only the efficacy of both 
agents, but also the poor prognosis of patients 
with tumor-induced hypercalcemia [1, 3]. Control 
of hypercalcemia, even in terminal patients with 
cancer, may improve their quality of life and al-
low them to stay out of the hospital and spend 
their remaining time at home with their loved 
ones. Control of hypercalcemia also has been 
found to be beneficial in the inpatient hospice 
setting [4].

Bisphosphonates have proven to be effective 
inhibitors of bone resorption, particularly when 
administered intravenously [2]. The first genera-
tion bisphosphonates, etidronate and clodronate, 
are metabolized to non-hydrolyzable cytotoxic 
analogues of adenosine triphosphate. These mol-
ecules have cytotoxic effects on osteoclasts and 
can induce apoptosis [5].

The newer, nitrogen-containing aminobisphos-
phonates such as ibandronate (Boniva) and zole-
dronic acid (Zometa) have a different mechanism 
of action. They are not metabolized and inhibit 
farnesyl diphosphonate synthase, an enzyme in 
the mevalonate pathway. This enzyme prevents 
the synthesis of farnesyl diphosphonate and gera-
nyl diphosphate, which are required for post-trans-
lational prenylation of small GTP-binding proteins. 
Loss of prenylation of these proteins prevents os-
teoclast formation and inhibits bone resorption 
[6]. These bisphosphonates also activate caspase-
3–type proteases downstream of geranylation, re-
sulting in apoptosis [7].

These newer, more potent aminobisphos-
phonates are more effective in the treatment 
of tumor-induced hypercalcemia [2, 8] and may 
increase the percentage of patients who can 
achieve normocalcemia [9]. There also is some 
evidence that these more potent bisphospho-
nates may increase time to relapse.

The study by Major and colleagues [2] was a 
pooled analysis of two randomized, double-blind 
studies comparing the efficacy and safety of zole-
dronic acid and pamidronate in the treatment of 
hypercalcemia; zoledronic acid was shown to be 
superior to pamidronate. Patients were random-
ized to receive 4 mg or 8 mg of zoledronic acid or 
90 mg pamidronate. On day 10, 69.7% of patients 
who received pamidronate achieved a complete 
response, compared with 88.4% of patients who 
received the 4-mg dose of zoledronic acid and 
86.7% of patients who received the 8-mg dose of 
zoledronic acid. Patients on zoledronic acid also 
experienced a longer duration of complete re-
sponse, with a median duration of 32 days and 43 
days for the 4-mg and 8-mg groups, respectively, 
compared with 18 days for those on pamidro-
nate. Approximately 50% of patients who were 
refractory to initial therapy or who subsequently 
relapsed after initial treatment responded to 
treatment with zoledronic acid. 

Despite the use of 90-mg pamidronate, a 
higher dose than used in previous studies, com-
plete response rates were lower than those re-
ported in two earlier studies [1, 10]. These lower 
rates may partially be explained by the lack of 
mandatory hydration in the studies reported by 
Major et al [2].

Other randomized, placebo-controlled trials 
have shown that bisphosphonates can signifi-
cantly delay the onset of and reduce the inci-
dence of skeletal complications in patients with 
breast cancer, multiple myeloma, prostate cancer, 
and other solid tumors [11–13]. Pamidronate de-
creased the incidence of hypercalcemia from 6% 
in the placebo arm to 1% in the bisphosphonate-
treated arm, a significant reduction (P = 0.02).

In brief, bisphosphonates with rehydration is, 
at least in the United States, the standard of care 
for the treatment and prevention of tumor-in-
duced hypercalcemia. Corticosteroids also may 
be helpful in patients with steroid-responsive tu-
mors such as lymphoma and multiple myeloma.

WHAT ROLE FOR GALLIUM NITRATE?

Where does gallium nitrate fit in our treat-
ment algorithm of hypercalcemia? An interim 
analysis of an international study comparing the 
efficacy of gallium nitrate versus pamidronate 
has been reported in abstract form [14]. After 
accrual of 64 patients, 23 of 32 patients (72%) 
on gallium nitrate achieved normocalcemia, 
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compared with 19 of 32 patients (59%) treated 
with pamidronate. A subset analysis revealed 
that the response to pamidronate was notably 
worse in patients with epidermoid malignancies 
(33%) than the response to gallium nitrate (68%). 
Dr. Leyland-Jones rightfully points out that gal-
lium nitrate is effective regardless of epidermoid 
status, providing suggestive evidence of activity 
against hypercalcemia mediated by high levels 
of parathyroid hormone-related protein (PTHrP).

The effect of serum PTHrP on response to 
bisphosphonates has been a controversial issue. 
Wimalawansa [15] found that patients with the 
highest levels of PTHrP had a poorer prognosis 
with shorter duration of normocalcemia after 
pamidronate, and plasma levels did not correlate 
with baseline corrected levels of calcium. Other 
studies [16, 17] also have performed subgroup 
analyses and shown that serum PTHrP correlates 
with poor response to bisphosphonates. Many 
other studies, however, have not supported this 
observation [1, 10, 18].

In the largest study published to date, Rizzoli 
and colleagues [18] analyzed 315 hypercalcemic 
cancer patients before and after treatment with 
ibandronate. PTHrP levels did not have a signifi-
cant effect on the response to ibandronate and 
did not affect the risk of recurrence of hypercal-
cemia. The lower response rates to pamidronate 
also may simply be related to previous exposure 
to bisphosphonates, since multiple bisphospho-
nates were available for clinical use at the time 
of the study. Body and colleagues [19] found that 
fewer patients responded to bisphosphonates 
with each successive episode of hypercalcemia: 
10%, 31%, and 85% of patients failed to respond 
to bisphosphonate therapy after the first, second, 
and third episodes of hypercalcemia, respectively.

Gallium nitrate, despite its cumbersome ad-
ministration, should be used in relapsed cases, 
particularly in patients with multiple recurrences 
of tumor-induced hypercalcemia. Efficacy of gal-
lium nitrate as chemotherapy for various tumors 
needs to be determined in additional clinical 
studies. Although initial studies are encouraging 
[20, 21], the jury is still out.

OTHER STUDIES

The role of bisphosphonates in the preven-
tion of bone metastases is being tested in cur-
rent clinical trials. Recent preclinical research has 
shown that bisphosphonates also exhibit a po-

tent antitumor activity [6] and may be synergistic 
with some cytotoxic drugs. However, this hypoth-
esis has not been tested widely in clinical trials.

In recent years, our knowledge of bone me-
tabolism and bone metastasis has increased 
markedly. Maintenance of bone structure is de-
pendent upon the balance between the regula-
tion and activity of osteoblasts and osteoclasts. 
Excessive osteoclastic activity is responsible for 
the production of lytic metastases and tumor-
induced hypercalcemia. The development of 
active osteoclasts requires interaction between 
osteoblastic stromal cells and osteoclast precur-
sors of the monocyte/macrophage lineage.

A large number of hormones and cytokines 
are known to influence osteoclast formation and 
activity, including parathyroid hormone (PTH); 
PTHrP; 1,25-dihydroxyvitamin-D3; interleukin-6 
(IL-6); IL-11; prostaglandin E2; and macrophage 
colony-stimulating factor (M-CSF). These factors 
are unable to mediate osteoclast differentiation 
in the absence of osteoblastic stromal cells; the 
receptor activator of nuclear factor-kB ligand 
(RANKL) is a member of the tumor necrosis 
factor (TNF) ligand family, produced by osteo-
blastic stromal cell as well as T cells. RANKL acts 
upon its receptor, RANK, in mononuclear cells to 
induce differentiation to osteoclasts and main-
tain their activities. Osteoprotegerin is a soluble 
TNF-receptor molecule and demonstrates spe-
cific inhibition of osteoclast differentiation by 
acting as a decoy receptor for osteoprotegerin 
ligand (OPG-L or RANKL) [22]. Targeting RANKL 
as a therapeutic approach for cancer-related 
bone disease is intriguing.

Recombinant OPG construct (AMGN-0007) 
has shown promising results in a phase I trial [23]. 
A single dose of AMGN-0007 suppressed bone re-
sorption in patients with multiple myeloma and 
patients with breast carcinoma. Changes were 
comparable to those with pamidronate. Similarly, 
monoclonal antibodies against PTHrP are under-
going clinical trials [24]. Thus, in the near future, 
we will be able to use targeted therapies to pre-
vent and treat bone metastasis and its complica-
tions, such as tumor-induced hypercalcemia.

Rasim Gucalp, MD
Associate Professor

Department of Medicine
Albert Einstein College of Medicine

Montefiore Medical Center
Bronx, New York
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