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Abstract The bisphosphonates are the treatment of choice in hypercalcaemia of malig-
nancy. However, plicamycin (mithramycin) an calcitonin treatment may still be
of value should bisphophonate treatment fail, and gallium nitrate has recently
been introduced as an alternative therapy. We analysed the tolerability of different
treatments based on articles identified in a Medline search covering the period
1979 through September 1998. Articles were included if they met two criteria:
(i) quantitative assessment of adverse effects; (ii) inclusion of ≥10 patients. Al-
though bisphosphonates are generally well tolerated, elevation of serum creati-
nine level, nausea/vomiting and fever have been reported following their
application. Patients receiving etidronate (n = 268) or clodronate (n = 127) more
frequently experienced creatinine elevation (8 and 5%, respectively) than did
patients receiving pamidronate (n = 424; 2%), aledronate (n = 79; 0%), or iban-
dronate (n = 203; <1%). The difference in the frequency of reported creatinine
level elevations reached statistical significance only for etidronate (z-test: p < 0.001
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versus pamidronate; p < 0.02 versus alendronate; p < 0.001 versus ibandronate).
With regard to the frequency of creatinine level elevations, clodronate treatment
did not differ significantly from treatment with pamidronate, alendronate and
ibandronate. An exception among the bisphosphonates is tiludronate, which has
been reported on s a treatment of hypercalcaemia in only 1 study (n = 19) resulting
in 1 case of lethal and 1 case of manageable acute renal failure. Nausea and
vomiting are rare adverse effects of bisphosphonate treatment but seem to be more
frequent with first generation drugs: etidronate (8%) and clodronate (7%) versus
pamidronate (2%) [p < 0.001 and 0.009, respectively] and versus ibandronate
(<1%) [p< 0.002 and 0.02, respectively]. Bisphosphonates containing a nitrogen
atom were associated with an acute phase reaction leading to reported fever in 16%
of pamidronate, 20% of aledronate, and 11% of ibandronate-treated patients.

The most frequently reported adverse effects of treatment with the cytostatic
drug plicamycin were hepatotoxicity (26%), nausea/vomiting (23%), and serum
creatinine level elevation (5%). Furthermore, plicamycin application was asso-
ciated with bone marrow suppression and a bleeding tendency due to abnormal-
ities in multiple clotting factors and platelet dysfunction. The use of calcitonin is
limited more by the short duration of its therapeutic effect than by toxicities (most
frequent: nausea/vomiting in 16% of treated cases). The few publications on
gallium nitrate in the treatment of hypercalcaemia of malignancy characterise it
as an efficient drug, which is, however, associated with a higher frequency of
renal toxicity (10%) and of nausea and vomiting (14%) than are the bis-
phosphonates.

Hypercalcaemia is a serious complication in pa-
tients with solid and haematological malignancies.
It is diagnosed in 20 to 40% of patients at some
time during the course of their disease. According
to a study by Vassilopoulou-Sellin et al.,[1] the in-
cidence of hypercalcaemia is low at initial presen-
tation, occurring in 4.8% of newly diagnosed pa-
tients with renal cell cancer, 3.2% of patients with
myeloma, 1.9% of patients with non–small cell
lung cancer and 0.9% of patients with breast can-
cer. Most patients with hypercalcaemia have ad-
vanced disease and a poor prognosis, with median
survival from onset of hypercalcaemia ranging
from 2 to 6 months.[2,3]

Cytokines and hormones released by the tumour
stimulate bone resorption and renal calcium
reabsorption, thus leading to an increase in serum
calcium levels. Neoplastic bone involvement may
or may not be present in patients with hypercalcae-
mia of malignancy, and the severity of hypercalcae-
mia does not correlate with the extent of bone me-
tastases.[4] Symptoms of hypercalcaemia closely

resemble symptoms of brain metastases and are
more pronounced the higher the levels of serum
calcium. Most striking among these symptoms is
the progressive impairment of cerebral function:
tiredness, dizziness, nausea, lethargy, somnolence
and coma. Other consequences of elevated serum
calcium level concern the gut (vomiting and con-
stipation) and the kidney (polyuria).[5] Rapid insti-
tution of antihypercalcaemic treatment is essential
to improving the symptoms associated with ele-
vated levels of serum calcium and to preventing the
life-threatening deterioration consequent on hyper-
calcaemia.

1. Bone Physiology and Neoplastic
Bone Destruction

1.1 Physiological Bone Remodelling 
and its Regulation

Bone is a nonstatic tissue, which continuously
undergoes renewal by osteoclastic bone resorption
followed by formation of new bone by osteoblasts.
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Early in life, bone formation exceeds bone resorp-
tion with a net increase in bone mass, while later
in life, bone resorption exceeds bone formation
with net loss of bone. The bone remodelling pro-
cess is initiated by the recruitment and activation
of osteoclasts. The exact mechanism for the re-
cruitment and activation of osteoclasts has been
elucidated only recently. Osteoprotegerin ligand
[also known as tumour necrosis factor (TNF)–re-
lated activation-induced cytokine (TRANCE), re-
ceptor activator of NFκB (RANK) ligand (RANKL),
and osteoclast differentiation factor (ODF)] which
is a member of the TNF family, has been identified
as the major osteoclast differentiation factor.[6,7]

Osteoprotegerin ligand recruits haematopoietic
progenitor cells to the osteoclast lineage and di-
rectly activates mature osteoclasts in vitro. Fur-
thermore, mice with a disrupted osteoprotegerin
ligand gene lack osteoclasts completely and show
severe osteopetrosis and a defect in tooth erup-
tion.[8] The differentiation of haematopoietic progen-
itor cells to osteoclasts, induced by osteoprotegerin
ligand, can be interrupted by osteoprotegerin, by
binding to osteoprotegerin ligand and thus interfer-
ing with the binding of osteoprotegerin ligand to
its receptor RANK.[7,9,10] Increasing evidence sug-
gests that osteoprotegerin ligand and osteopegerin
are the key extracellular regulators of osteoclast
development.

Several other hormones, cytokines and vitamins
have been implicated in the recruitment and stim-
ulation of osteoclast activity, including parathyroid
hormone, parathyroid hormone-related protein,
colecalciferol (vitamin D), macrophage colony
stimulating factor, interleukin-1, interleukin-6,
interleukin-11, transforming growth factor α
(TGFα), TNFα and TNFβ.[11] These regulatory
signals for osteoclast activity appear to come from
osteoblasts, bone lining cells or from bone marrow
stromal cells. A shift in the equilibrium toward the
recruitment of osteoclast precursors or toward the
apoptosis of osteoclasts results in an increase or
decrease, respectively, of bone resorption.

1.2 Physiological Regulation of 
the Serum Calcium Level

In healthy humans, the total serum calcium
level is maintained within the narrow range of 2.1
to 2.6 mmol/L. Parathyroid hormone is the central
regulating hormone in this process. The secretion
of parathyroid hormone by the parathyroid gland
responds inversely to changes in the serum level of
ionised calcium. When serum calcium level falls,
the serum level of parathyroid hormone increases,
leading to increased bone resorption and increased
renal calcium reabsorption.[12] Simultaneously,
parathyroid hormone stimulates the transforma-
tion of 25-hydroxy colecalciferol (vitamin D) into
the more active 1,25-dihydroxy vitamin D (cal-
citriol) in the kidney. Calcitriol in turn contributes
to the elevation of the serum calcium level by stim-
ulating both calcium absorption in the gut and bone
resorption.

Parathyroid hormone-related protein is a pro-
teohormone which in its aminoterminal region
closely resembles parathyroid hormone: 8 of the
first 13 amino acids are identical to parathyroid
hormone. This homology suffices to allow para-
thyroid hormone-related protein to interact with
the parathyroid hormone receptor. Thus, most of
the calcium regulatory effects of parathyroid hor-
mone (e.g. increase in bone resorption and renal
tubular calcium reabsorption) are also mediated by
parathyroid hormone-related protein. Parathyroid
hormone-related protein is expressed in a variety
of normal tissues including brain, breast and skin.
A pivotal role has been ascribed to it in skeletal
development, transepithelial calcium transport,
and regulation of smooth muscle tone. Parathyroid
hormone-related protein is present in placenta and
milk, where it is involved in the regulation of ac-
tive placental calcium transport and calcium trans-
port through the mammary gland epithelial cells,
respectively.[13,14] Its levels are significantly higher
in the serum of newborn children, who are usually
hypercalcaemic, than in their mothers’ blood.[15] The
many roles of parathyroid hormone-related protein
in normal developmental and adult physiology
have been reviewed elsewhere in detail.[16]
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1.3 Pathophysiology of Neoplastic Bone
Destruction and Tumour-Associated
Hypercalcaemia

Tumour cells do not resorb bone directly but
recruit the host’s osteoclasts by paracrine mecha-
nisms. The osteoclasts in malignant disease seem
to be stimulated by factors which are involved in
normal bone resorption. It appears that solid tu-
mours stimulate bone resorption mainly by the se-
cretion of parathyroid hormone-related protein,
whereas in haematological malignancies 1,25-di-
hydroxy vitamin D and cytokines such as interleukin-
6 and lymphotoxin (TNFβ) may be the mediators
of osseous breakdown.[17] Parathyroid hormone-
related protein elevates serum calcium level by in-
creasing bone resorption and renal tubular re-
absorption of calcium. Parathyroid hormone-related
protein serum levels in normocalcaemic cancer pa-
tients lie within the normal range. In patients with
solid tumours, the transition from normocalcaemia
to hypercalcaemia is accompanied by a constant
increase in the amount of parathyroid hormone-
related protein secreted and circulating in
blood.[17] In hypercalcaemic patients with haem-
atological tumours parathyroid hormone-related
protein level is only rarely elevated.[18]

Although parathyroid hormone-related protein
and parathyroid hormone act through the same
receptor in bone and kidney, there are clear differ-
ences between the syndromes of humoral hyper-
calcaemia of malignancy and primary hyperparathyr-
oidism. In contrast to primary hyperparathyroidism,
serum 1,25 dihydroxy vitamin D levels[19] and cal-
cium absorption from the gut are decreased in pa-
tients with malignant hypercalcaemia, and there is a
decrease in bone formation and decrease in serum
chloride level and metabolic alkalosis.[17] These dif-
ferences may be due to modification of the effects of
parathyroid hormone-related protein by other fac-
tors produced by the tumour, such as interleukin-1,
interleukin-6, TGFα, and TNFα.

As the serum calcium level starts to rise sub-
sequent to the bone and renal effects of parathyroid
hormone-related protein and other factors, renal
water reabsorption decreases progressively, result-

ing in polyuria. The loss of water leads to increased
reuptake of sodium and calcium by the proximal
tubuli of the kidney. Thus, the serum calcium level
increases further, leading to a vicious cycle.

2. Therapies for Hypercalcaemia 
of Malignancy

At the present time, the first intervention in a
patient with hypercalcaemia of malignancy is fluid
repletion with isotonic saline solution. In patients
with a low to moderate elevation of serum calcium
level (2.6 to 2.8 mmol/L) this therapy can be suffi-
cient to reverse hypercalcaemia.[20] However, since
the effect of fluid repletion is transient, treatment
needs to be supplemented in most cases with a drug
directed at the increased bone resorption. Several
substances which have been found to inhibit osteo-
clast formation and function are used to treat
hypercalcaemia of malignancy. Of these sub-
stances, bisphosphonates have in the past decade
become the treatment of choice in tumour-induced
hypercalcaemia.[21] In the majority of patients with
tumour-associated hypercalcaemia, normocalcae-
mia can be restored following first treatment with
a bisphosphonate, although some studies have re-
ported an association between high serum parathy-
roid hormone-related protein levels and reduced
response to bisphosphonate treatment.[2,22-24] The
level of parathyroid hormone-related protein might
influence the length of time until recurrence of
hypercalcaemia. Relapsing hypercalcaemia usu-
ally does not respond as well to bisphosphonate
treatment as does initial hypercalcaemia. In this
case, the dose of the bisphosphonate has to be in-
creased to produce the same effect.[25,26]

Other drugs which are sometimes used (e.g. in
the rare cases where treatment with bisphos-
phonates does not elicit the expected response) in-
clude calcitonin, gallium nitrate, plicamycin (mi-
thramycin) and corticoids. Calcitonin leads to
immobilisation and contraction of the osteoclasts
away from the bone surface.[11] However, continu-
ous exposure to calcitonin leads to downregulation
of calcitonin receptors on osteoclasts and eventu-
ally to the unresponsiveness of the bone resorbing
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cells to this hormone. Gallium nitrate was initially
studied as an antineoplastic drug. It has been eval-
uated for the therapy of hypercalcaemia of malig-
nancy because of its hypocalcaemic effect.[27,28]

Gallium localises into areas of high bone turnover
and renders hydroxyapatite less soluble and more
resistant to cell-mediated resorption.[29,30] Further-
more, gallium nitrate may increase bone formation
by stimulating bone collagen synthesis and increas-
ing calcium accretion into bone.[31] Plicamycin
(mithramycin) is an antitumour antibiotic. Plica-
mycin exerts its hypocalcaemic effect by directly
killing osteoclasts.[32] This effect can be achieved
with about one-tenth of the dose necessary for anti-
tumour activity.

In the past, glucocorticoids were also used for
treatment of tumour-associated hypercalcaemia.
However, glucocorticoid treatment has been
shown hardly ever to restore normocalcaemia in
patients with solid tumours. In hypercalcaemia in-
duced by haematological tumours, glucocorticoid
therapy makes sense if it can be expected to exert
an antineoplastic effect. For these reasons and be-
cause glucocorticoid therapy has been extensively
discussed in the literature,[33] we mention it only
briefly here in this review.

For the present review, we identified trials on
the treatment of hypercalcaemia of malignancy by
searching the Medline from 1979 through Septem-
ber 1998 using the MeSH terms ‘hypercalcemia’
together with ‘bisphosphonates (or diphosphon-
ate)’, ‘calcitonin’, ‘mithramycin (or plicamycin)’
and ‘gallium nitrate’. Articles were reviewed for
the following criteria: (i) quantitative assessment
of adverse effects; and (ii) inclusion of ≥10 pa-
tients. Studies which did not meet these criteria
were not included in our analysis. Studies included
in the analysis for bisphosphonates are sum-
marised in tables I to VI. Only adverse events
which the study authors attributed to administra-
tion of the respective bisphosphonate are listed. In
calculating the proportion of patients who experi-
enced a specific adverse event (e.g. elevation of
serum creatinine level) we considered only those
studies in which this adverse event was expressly

mentioned. For example, 280 patients were treated
with etidronate in 5 published studies (see table I).
Four of these studies mentioned serum creatinine
level elevation, if only to state that it did not oc-
cur.[34] We considered only these 4 trials for our
analysis. Although reports including fewer than 10
patients were not included in our statistical analy-
sis, we mention selected case reports of adverse
events in section 3.4.

3. Tolerability of Bisphosphonates in 
the Treatment of Hypercalcaemia 
of Malignancy

Because bisphosphonates have been evaluated
for treatment of hypercalcaemia of malignancy
since the late 1970s, a great deal of information
regarding their efficacy and safety has accumu-
lated. Of the 92 trials on hypercalcaemia and
bisphosphonates we identified in the Medline, 41
fulfilled the criteria for inclusion in our analysis.
The number of patients in the included studies
ranges from 12 to 173. We omitted trials of oral
bisphosphonate treatment because enteral absorp-
tion of bisphosphonates is poor (1 to 2%) and most
patients with tumour-induced hypercalcaemia,
who are in poor general condition, do not tolerate
oral medication well. It is our opinion that, as a
general rule, hypercalcaemia should be treated
intravenously. Nevertheless a few comments on
oral bisphosphonates in the treatment of tumour-
associated hypercalcaemia are in order. Nearly two
decades ago, it was shown that hypercalcaemia of
malignancy could be treated with high doses of
oral pamidronate.[73] In a further trial, a randomised
comparison of IV pamidronate (30 mg/day) and oral
pamidronate (1200 mg/day) proved these treatment
schedules to be equally effective.[74] The adverse
effects attributed to oral pamidronate treatment – tran-
sient fever, hypocalcaemia and hypophosphat-
aemia – were not significantly different from those
in the group treated intravenously. Some patients
complained of slight epigastric discomfort and
nausea at the beginning of oral treatment, but this
could be relieved simply by dissolving the drug in
water before administration.
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Oral clodronate has been used as maintenance
treatment after initial IV therapy to prevent recur-
rence of hypercalcaemia.[41,75,76] In 2 studies[75,76]

a rise in serum calcium level was noted in some
patients immediately after discontinuation of long
term administration of oral clodronate. The only pla-
cebo-controlled study on oral maintenance treat-
ment[77] evaluated the efficacy of 20 mg/kg/day
etidronate to prevent recurrence of hypercalcaemia
after successful initial therapy. Oral etidronate was
not found to be superior to placebo in terms of
maintaining normal serum calcium levels (40% of
etidronate treated patients and 46% of control par-
ticipants had recurrence of hypercalcaemia).

We reviewed studies on all the available bis-
phosphonates, not limiting our analysis to the 4
currently licensed for clinical use in different coun-
tries (tables I to VI).[26,27,34,41,35-40,42-72] The 4 bis-
phosphonates currently licensed for treatment of
tumour-associated hypercalcaemia are: etidronate (1-
hydroxyethylidene-bisphosphonic acid), clodronate

(dichlormethylene-bisphosphonic acid), pamidronate
(3-amino-1-hydroxypropylidene-bisphosphonic
acid) and ibandronate (1-hydroxy-3(methylpentyl-
amino)-propylidene-bisphosphonic acid).

Even in studies that explicitly evaluate adverse
effects, the data are often incomplete. Most studies
list only serious adverse events (that, by definition,
prolong hospitalisation, lead to hospitalisation, re-
sult in permanent damage, or end in death). Non
serious adverse events, e.g. changes in body tem-
perature or serum electrolyte levels, are underre-
ported. A further problem in identifying adverse
effects of different treatments of hypercalcaemia of
malignancy is the fact that patients with hyper-
calcaemia of malignancy are severely ill, with
symptoms that could equally be attributed to the
neoplastic disease, to its treatment, or to the hyper-
calcaemia itself, rather than to a specific calcium-
reducing drug. For example, nausea/vomiting is re-
ported to be an adverse effect of clodronate
treatment,[38] but it is also a frequent symptom of

Table I.  Clinical studies of etidronate for hypercalcaemia of malignancy

Infusion regimen n Percentage of patients Reference

efficacya Cr elevation nausea/
vomiting

fever infusion
site
reaction

hypocalcaemia other

7.5 mg/kg/day on
days 1-3b: infusion
time 2.5-3h

12 92 NR NR NR NR 50 35

5-25 mg/kg; 24h
infusion

26 NR 0 NR NR NR 0 34

7.5 mg/kg/day on
days 1-3; infusion
time of 2h

170 63 9 9 NR NR 15 Altered taste 3.5 36

7.5 mg/kg/day on
days 1-5; infusion
time 4h

37 43 11 NR NR NR NR Hyperphosphataemia 
11

27

7.5 mg/kg/day on
days 1-3; infusion
time 2h

35 41 6 6 9 0 6 Hypophosphataemia
3, seizures 3

37

Overallc 280 58 (254)d 8 (268)d 8 (205)d 9 (35)d 0 (35)d 14 (243)d

a Efficacy = percentage of patients achieving normocalcaemia.

b A few selected patients received therapy for up to 5 days.

c The last line of the table summarises the efficacy data and the reported frequencies for each adverse effect. Studies not reporting effi-
cacy or frequency of the respective adverse effect were excluded from the analysis.

d The number in brackets indicates the number of patients who could be included in the analysis.

Cr elevation  = elevation of serum creatinine level (usually defined as an increase of >0.5 mg/dl); n = number of patients enrolled in the study;
NR = not reported.
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hypercalcaemia. Nonetheless, it is possible to dis-
cern a consistent pattern of adverse effects for the
different bisphosphonates. The reported frequen-
cies of the most common adverse effects are
summarised at the end of tables I-V.

3.1 Creatinine Level Elevation Following
Bisphosphonate Treatment

At the beginning of the bisphosphonate era, in-
travenously injected etidronate and clodronate
were reported to cause acute renal failure.[78] This
renal failure was attributed to the precipitation of
insoluble calcium-bisphosphonate complexes in
the renal tubuli. Since these early reports, renal
failure following bisphosphonate therapy for
hypercalcaemia has hardly ever been reported, be-
cause care has been taken to administer bis-
phosphonates by slow IV infusion over several

hours in sufficient solution (500ml). Restoration of
normocalcaemia by fluid repletion and bis-
phosphonate therapy usually improves renal func-
tion (as indicated by falling serum creatinine lev-
els) by normalising circulating fluid volume and
the glomerular filtration rate. Even in patients with
markedly increased serum creatinine levels (up to
6.4 mg/dl), IV bisphosphonate treatment was
shown to be well tolerated and effective when the
drug was administered by slow IV infusion com-
bined with adequate rehydration.[79]

According to our analysis, an increase in serum
creatinine levels was more often seen following
treatment with etidronate (8% of cases) and
clodronate (5%) than with the more potent amino-
bisphosphonates pamidronate (2%), alendronate
(0%) or ibandronate (1%). The difference in the
frequency of reported creatinine level elevations
reached statistical significance only for etidronate

Table II.  Clinical studies of clodronate for hypercalcaemia of malignancy

Infusion regimen n Percentage of patients Reference

efficacya Cr
elevation

nausea/
vomiting

fever infusion
site
reaction

hypo-
calcaemia

other

4-20 mg/kg; infusion time 1h 14 NR NR 14 NR NR 0 38

2.5 mg/kg on day 1; 5 mg/kg
on days 2-6; infusion time 2h

12 92 0 NR NR NR 17 39

100-300 mg/day on days 1-3b;
infusion time 3h

26 89 NR NR NR NR 0 40

300 mg/day on days 1-NS;
infusion time 2h

34 94 0 NR NR NR NR 41

300mg (single dose); infusion
time 2h

15 93 7 20 0 NR NR Obstipation 53 42

300 mg/day for up to 7 days;
infusion time 3h

25 81 NR 0 NR NR 16 Paraesthesia 4,
diarrhoea 4

43

300 mg/day on days 1-5;
infusion time 4h or 1500mg
day 1; 24h infusion

45 75 0 NR NR NR 7 44

1500mg (single dose); infusion
time 4h

21 80 24 0 0 0 NR 45

Overallc 192 77 (178)d 5 (127)d 7 (75)d 0 (36)d 0 (21)d 7 (122)d

a Efficacy = percentage of patients achieving normocalcaemia.

b A few selected patients received therapy for up to 10 days.

c The last line of the table summarises the efficacy data and the reported frequencies for each adverse effect. Studies not reporting effi-
cacy or frequency of the respective adverse effect were excluded from the analysis.

d The number in brackets indicates the number of patients who could be included in the analysis.

Cr elevation  = elevation of serum creatinine level (usually defined as an increase of > 0.5 mg/dl); n = number of patients enrolled in the
study; NR = not reported; NS = exact number of days not stated.
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Table III.  Clinical studies of pamidronate for hypercalcaemia of malignancy

Infusion regimen n Percentage of patients Reference

efficacya Cr
elevation

nausea/
vomiting

fever infusion
site
reaction

hypo-
calcaemia

other

15 mg/day on days
1-NS; infusion time not
stated

13 NR NR NR 31 15 NR 46

30 or 60mg (single
dose); 24h infusion

20 85 NR 0 10 NR 15 47

0.01-3 mg/kg/day on
days 1-3;
infusion time 2h

18 78 0 NR 11 NR NR Fever +
hypotension +
dysgeusia 5,
lymphopenia 28

48

30mg (single dose);
24h infusion

16 75 0 NR 19 NR 12 49

5-15mg (sometimes
repeated); infusion
time 2h

25 78 0 0 8 0 NR 50

15-25 mg/day for up to
6 days or 15-30mg on
day 1; infusion time
0.5-3h

27 74 NR NR 22 NR NR Grand mal seizures
7, paraesthesia and
mild tetany 3.5

51

60mg on day 1 or
30mg on days 1-2 or
15mg on days 1-4;
infusion time 2-8h

30 93 0 NR 17 0 13 Xanthopsia 3 52

30-90mg (single dose);
24h infusion

52 83 0 0 11 0 15 26

0.5 mg/kg/day on days
1-3; infusion time 2h or
1.5 mg/kg on day 1 or
0.5 mg/kg on day 1;
24h infusion

33 97 0 NR 9 NR NR Reduction of
lymphocyte and
platelet counts NR

53

30-60mg on day 1 or
30mg on days 1-2;
infusion time 4 + 8h

27 46 NR NR 7.5 0 7.5 Confusional state,
hypernatraemia,
pyrexia 3.5

54

15-45mg (single dose);
infusion time 4h

29 NR NR NR 37 NR NR Rigors 3 55

45mg (single dose);
infusion time 3h

25 72 NR NR NR NR 20 Dyspnoea 4 56

1 mg/kg; infusion time
4-24h

15 NR 0 0 0 0 NR 57

1 mg/kg; infusion time
4-24h

25 NR 0 12 0 NR NR 58

30-60mg (single dose);
infusion time 4h

28 100 NR NR 14 NR 32 59

30 or 90mg; infusion
time 4 or 24h

32 56 NR NR 12 NR 0 60

60mg (single dose);
infusion time 2-24h

50 94 0 NR 8 0 8 61

60mg (single dose);
infusion time 24h

30 70 13 0 17 7 17 Hypophosphataemia
7

37

30-90mg (single dose);
infusion time 12h

14 100 0 NR NR NR NR 62

396 Zojer et al.

 Adis International Limited. All rights reserved. Drug Safety 1999 Nov; 21 (5)



(z-test: p < 0.001 in comparison with pamidronate;
p < 0.02 versus alendronate; p < 0.001 versus
ibandronate). Treatment with clodronate was not
significantly different from treatment with
pamidronate, alendronate and ibandronate with re-
gard to the relative frequency of creatinine level
elevations. It has not been established why the
newer, more potent (amino-) bisphosphonates are
associated with lower renal toxicity. However, be-
cause a lower molar amount of the drug is required
to inhibit bone resorption, it is less likely that the
kidney will sustain damage from the bisphosphon-
ate.[80] Tiludronate, a bisphosphonate containing a
chlorophenyl-thiomethylene side chain, has been
reported on as a treatment for tumour-associated
hypercalcaemia in only 1 published study.[78] Fur-
ther evaluation of this drug in hypercalcaemic pa-
tients was stopped since 1 case of lethal and 1 case
of manageable acute renal failure occurred among
the 19 patients treated.

Recently, we demonstrated that in normocalcae-
mic breast cancer patients the newly developed
bisphosphonate ibandronate can be safely admin-
istered by rapid IV injection.[80] However, in
hypercalcaemic patients we cannot recommend the

IV bolus injection of any bisphosphonate at pres-
ent, since there are as yet no data available on this
form of administration. It cannot be excluded that
the brief high molar concentration of the bis-
phosphonate (resulting from the rapid IV injection)
together with the high serum calcium level is suf-
ficient to generate bisphosphonate-calcium com-
plexes such as known from the inadequate admin-
istration of older bisphosphonates.

3.2 Nausea/Vomiting

Nausea or vomiting are rare adverse effects of
bisphosphonate treatment but seem to be more fre-
quent with first generation drugs: etidronate and
clodronate vs pamidronate (z-test: p < 0.001 and
0.009, respectively) and vs ibandronate (p < 0.002
and p < 0.02). Assessment of adverse effects re-
lated to the gastrointestinal tract may be especially
difficult, because hypercalcaemia itself frequently
manifests with nausea/vomiting, for which bis-
phosphonates can, in fact, generally provide symp-
tomatic relief.

Table III.  Contd

Infusion regimen n Percentage of patients Reference

efficacya Cr
elevation

nausea/
vomiting

fever infusion
site
reaction

hypo-
calcaemia

other

60mg (single dose);
infusion time 24h

25 90 NR 0 40 53 32 Severe
hypophosphataemia 
4

63

30-90mg (single dose);
infusion time 24h

50 40-100 0 NR 20 6 6 Hypophosphataemia
22

64

60mg (single dose);
infusion time 4 or 24h

46 80 13 NR 22 4 4 Hypophosphataemia
33

65

90mg (single dose);
infusion time 4h

20 100 0 0 15 0 NR Reduction of
lymphocyte count
NR

45

Overallb 650 80 (568)c 2 (424)c 1 (212)c 16 (611)c 5 (383)c 13 (431)c

a Efficacy = percentage of patients achieving normocalcaemia.

b The last line of the table summarises the efficacy data and the reported frequencies for each adverse effect. Studies not reporting effi-
cacy or frequency of the respective adverse effect were excluded from the analysis.

c The number in brackets indicates the number of patients who could be included in the analysis.

Cr elevation  = elevation of serum creatinine level (usually defined as an increase of >0.5 mg/dl); n = number of patients enrolled in the study;
NR = not reported; NS = exact number of days not stated.
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3.3 Acute Phase Reaction

Substitution of the side chain of bisphos-
phonates with an amino group is responsible for
enhanced clinical effectiveness. However, it also
leads, by unknown mechanisms, to an acute-phase
response. Application of the aminobisphos-
phonates alendronate and pamidronate has been as-
sociated with transient, usually mild fever, lympho-
cytopenia, malaise, and myalgias. It occurs within
36 hours following the first application of an
aminobisphosphonate and is self-limiting. Usually,
it does not require specific medication and does not
recur in subsequent treatments, except in patients
with myeloma, where fever has been observed even
with repeated treatments (unpublished observa-
tion). Secretion of TNFα by T lymphocytes ex-
pressing the activation marker CD69 may be re-
sponsible for the acute-phase response following
aminobisphosphonate therapy. The basis for this
hypothesis is that whereas elevated levels of CD69
T lymphocytes are detectable 10 hours after pam-
idronate treatment, an increase in TNFα serum lev-
els and a decrease in the total number of circulating
lymphocytes are not detectable until 24 hours fol-
lowing administration of this bisphosphonate.[81-83]

Interleukin-6 has also been implicated as a media-
tor of the acute phase response.[83,84] Ocular ad-
verse reactions (iritis, episcleritis, scleritis and con-
junctivitis) may be part of the acute-phase reaction

and have been reported in association with admin-
istration of pamidronate.[85-87]

An acute-phase reaction somewhat different
from that seen with the aminobisphosphonates
pamidronate and alendronate has been observed
upon administration of ibandronate. Muscle pain is
usually prominent. Furthermore, ibandronate treat-
ment elevates rather than decreases circulating
lymphocyte counts.[81]

3.4 Other Adverse Events

When all the reviewed studies are summarised,
it is seen that serious complications were rarely
encountered with bisphosphonate therapy. These
rare cases include a patient in whom seizures de-
veloped after treatment with etidronate,[37] fol-
lowed by respiratory failure and death. The pres-
ence of cerebral metastases could not be ruled out
in this case. Similarly, 2 patients developed grand
mal seizures 3 to 4 days after pamidronate ther-
apy.[51] Serum calcium level decreased to the lower
level of normal range in these patients. Cerebral
metastases were evident using computerised to-
mography in 1 patient and could not be excluded
in the other. It may be speculated that electrolyte
changes induced by bisphosphonate treatment con-
tributed to the development of seizures in these pa-
tients. Indeed, hypocalcaemia is observed in up to
50% of patients treated with bisphosphonates for

Table IV.  Clinical studies of alendronate for hypercalcaemia of malignancy

Infusion regimen n Percentage of patients Reference

efficacya Cr
elevation

nausea/
vomiting

fever infusion
site
reaction

hypo-
calcaemia

other

10mg (single dose);
infusion time 2h or 24h

20 80 0 NR 10 NR NR 66

2.5-15mg (single dose);
infusion time 2h or 24h

59 59 0 NR 24 3 0-15 Transaminase
level
elevation 14

67

Overallb 79 65 (79)c 0 NR 20 (79)c 3 (59)c 0-15 (59)c

a Efficacy = percentage of patients achieving normocalcaemia.

b The last line of the table summarises the efficacy data and the reported frequencies for each adverse effect. Studies not reporting effi-
cacy or frequency of the respective adverse effect were excluded from the analysis.

c The number in brackets indicates the number of patients who could be included in the analysis.

Cr elevation  = elevation of serum creatinine level (usually defined as an increase of >0.5 mg/dl); n = number of patients enrolled in the study;
NR = not reported.
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hypercalcaemia of malignancy, although symp-
tomatic hypocalcaemia (paraesthesia) is rare. Se-
vere hypocalcaemia associated with grand mal sei-
zures followed sequential administration of
clodronate and an aminoglycoside, possibly the re-
sult of the additive effect of these 2 drugs on the
serum calcium level.[88] Following the administra-
tion of pamidronate, 1 patient experienced rig-
ors[55] and another experienced dyspnoea.[56] The
latter adverse effect was again observed when the

patient was re-exposed to the drug. Bronchocon-
striction was observed in a patient treated with
clodronate and in another treated with etidronate,
both with a history of aspirin (acetylsalicylic
acid)–sensitive asthma.[89] A serious cutaneous re-
action was observed in a patient with atopy after
tiludronate treatment.[90] The histology of the le-
sions resembled epidermal necrolysis. These 2 re-
ports suggest that various bisphosphonates can
elicit allergic reactions in predisposed patients.

Table VI.  Clinical studies of tiludronate and neridronate for hypercalcaemia of malignancy

Drug/infusion regimen n Percentage of patients Reference

efficacya Cr
elevation

nausea/
vomiting

fever infusion site
reaction

hypo-
calcaemia

other

Tiludronate 3-6
mg/kg/day on days
1-3; infusion time not
stated

19 72 10.5 0 NR NR NR Acute renal
insufficiency + death 5;
reduction in lymphocyte
count NR

71

Neridronate 125mg
single dose; infusion
time 4h

20 65 NR 10 10 NR 0 Loose bowel motions 10 72

a Efficacy = percentage of patients achieving normocalcaemia.

Cr elevation  = elevation of serum creatinine level (usually defined as an increase of >0.5 mg/dl); n = number of patients enrolled in the
study; NR = not reported.

Table V.  Clinical studies of ibandronate for hypercalcaemia of malignancy

Infusion regimen n Percentage of patients Reference

efficacya Cr elevation nausea/
vomiting

fever infusion
site
reaction

hypo-
calcaemia

other

0.2-2mg (single
dose); infusion
time 4h

30 53 3 0 27 NR NR Transaminase level
elevation 3,
reduction of
lymphocyte count 3

68

0.6-2mg (single
dose); infusion
time 2h

173 44-67 0 0.5 6 NR 2 Thrombopenia 2;
oesophagitis 0.5;
transaminase level
elevation 0.5

69

2-6mg (single
dose); infusion
time 2h

131 50-77 NR NR 13 0 5 Asymptomatic
hypophosphataemia
70

70

Overallb 334 59 (334)c <1 (203)c <1 (334)c 11 (334)c 0 (131)c 3 (304)c

a Efficacy = percentage of patients achieving normocalcaemia.

b The last line of the table summarises the efficacy data and the reported frequencies for each adverse effect. Studies not reporting effi-
cacy or frequency of the respective adverse effect were excluded from the analysis.

c The number in brackets indicates the number of patients who could be included in the analysis.

Cr elevation  = elevation of serum creatinine level (usually defined as an increase of >0.5 mg/dl); n = number of patients enrolled in the
study; NR = not reported.
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In a patient treated with high dose pamidronate
(>250 mg/day, fever, hypotension and dysgeusia
was observed after the first infusion.[48] Davis and
Heath[54] reported confusion in a patient starting 2
to 3 days after the administration of pamidronate,
associated with hypernatraemia, severe pyrexia,
and evidence of pulmonary infiltrations on chest
x-ray. This condition responded to antibacterial
and corticosteroid treatment. The authors did not
attribute this complication to pamidronate treat-
ment.

In the only report referring to thrombocytopenia
in patients treated with ibandronate[69], the fre-
quency was low (0.5% of 173 patients).

4. Tolerability of Other Treatments for
Hypercalcaemia of Malignancy

Since the antihypercalcaemic effect of bis-
phosphonates has been established, plicamycin and

calcitonin have been used less and less frequently
to treat hypercalcaemia of malignancy. Tables VII
and VIII summarise the adverse effects reported by
published studies.[28,46,62,63,91-97] The criteria for in-
clusion in our analysis were the same as those for
the studies on bisphosphonates, as described in sec-
tion 2. Gallium nitrate entered clinical trials a de-
cade ago, and published data are limited so far[27,28]

(see table IX).

4.1 Plicamycin (Mithramycin)

Plicamycin was first introduced as an antineo-
plastic drug for the therapy of testicular cancer. At
the dosage used (25 µg/kg/day for up to 10 days),
nausea/vomiting, bone marrow suppression and
liver toxicity were frequently observed. Further-
more, plicamycin application was associated with
a bleeding tendency due to abnormalities in multi-
ple clotting factors and platelet dysfunction.[98] Ac-

Table VII.  Clinical studies of plicamycin (mithramycin) for hypercalcaemia of malignancy

Administration regimen n Percentage of patients Reference

efficacya Cr
elevation

nausea/
vomiting

fever hepato-
toxicity

hypo-
calcaemia

other

25 µg/kg IV, repeated for
up to 5 days in 11 pts: the
other 58 pts recieved a
single dose only

69 61 0 NR NR 9 (1/11):
0 (0/58)

18 (2/11):
0 (0/58)

Bleeding 9 (1/11) 91

25 µg/kg IV, repeated for
up to 5 days

11 82 NR NR NR 36 45 92

25 µg/kg IV 14 NR 14 NR NR 30 NR 93

25 µg/kg IV 8 NR 38 0 0 NR NR Oedema of
eyelids 13

94

25 µg/kg IV, sometimes
repeated

67 NR NR NR NR 38 NR 95

25 µg/kg IV, sometimes
repeated

13 NR NR 15 NR 85 NR Thrombocytopenia
8

46

1.25mg IV, sometimes
repeated

11 27 0 NR NR NR 0 62

25 µg/kg IV 23 45 NR 36 9 NR 4 Thrombocytopenia
4; bleeding 4;
phlebitis 11

63

Overallb 216 56 (114)c 5 (102)c 23 (44)c 6 (31)c 26 (174)c 7 (114)c

a Efficacy = percentage of patients achieving normocalcaemia.

b The last line of the table summarises the efficacy data and the reported frequencies for each adverse effect. Studies not reporting effi-
cacy or frequency of the respective adverse effect were excluded from the analysis.

c The number in brackets indicates the number of patients who could be included in the analysis.

Cr elevation  = elevation of serum creatinine level (usually defined as an increase of >0.5 mg/dl); IV = intravenous; n = number of patients
enrolled in the study; NR = not reported; pts  = patients.
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cording to the manufacturer, the incidence of
bleeding episodes has been 5.4% with a drug re-
lated mortality rate of 1.6% at doses of 30
µg/kg/day or less for 10 days. When hypercalcae-
mia is treated with plicamycin, lower doses of this
drug (25 µg/kg as a single infusion or repeated
once after 24 hours) are employed, and the fre-
quency and severity of the adverse effects were
lower in those studies (table VII). There is 1 re-
ported case of fatal arterial bleeding from a duode-
nal ulcer following a single administration of 25
µg/kg plicamycin for treatment of hypercalcae-
mia.[63]

The most frequent adverse effect at the dosage
used to treat hypercalcaemia is a transient eleva-
tion of liver enzyme levels. The increases occur
within 2 days of drug administration and the levels
return to baseline within 2 weeks in most cases.[95]

Prior liver damage (e.g. hepatic metastases) does
not seem to predispose to hepatic toxicity of
plicamycin. Severe hepatic toxicity is unusual in
the dosage applied for hypercalcaemia of malig-
nancy, although a case of acute hepatic necrosis
after plicamycin therapy has been reported.[99]

Other rare complications of plicamycin therapy are

acute renal insufficiency and toxic epidermal
necrolysis.[100,101]

In randomised studies comparing plicamycin to
pamidronate,[46,62,64] the latter was demonstrated
to be more effective in normalising serum calcium
levels and in improving WHO performance sta-
tus.[62]

4.2 Calcitonin

In a recent evaluation of the long and short term
adverse effects of calcitonin for nonmalignant
bone disease (mainly Paget’s disease and osteopo-
rosis),[102] acute adverse effects were noted in 64
of 83 patients (77%) treated with subcutaneous in-
jections of synthetic human calcitonin and 14 of 22
patients (64%) treated with synthetic salmon cal-
citonin. Fewer patients (32%) noted adverse ef-
fects when calcitonin was administered as a nasal
spray. With subcutaneous administration the most
frequent adverse effects were flushing, occurring
in 69 and 41% of patients treated with human cal-
citonin and salmon calcitonin, respectively. This
was followed by local irritation at the injection
sites (65 and 32%, respectively) and nausea (22
and 14%, respectively). Following administration
of salmon calcitonin as a nasal spray, 5 out of 25

Table VIII.  Clinical studies of calcitonin for hypercalcaemia of malignancy

Administration regimen n Percentage of patients Reference

efficacya Cr elevation nausea/
vomiting

fever hepato-
toxicity

hypo-
calcaemia

other

Up to 32 IU/kg IM 16 38 0 6 NR 0 0 96

4 IU/kg SC every 12h on
days 1-2b; 8 IU/kg SC every
12h on days 3-4b; 8 IU/kg SC
every 6h on days 5-NS

19 NR 0 12 NR 0 5 97

400IU SC every 8h for 9 days
+ corticosteroids

13 NR NR 0 NR NR NR 46

8 IU/kg SC every 6h for 5
days ± corticosteroids

26 31 4 35 NR NR NR Hypophosphat-
aemia 45

28

Overallc 74 33 (42)d 1.5 (61)d 16 (74)d NR 0 (35)d 3 (35)d

a Efficacy = percentage of patients achieving normocalcaemia.

b Additional treatment not received by all patients.

c The last line of the table summarises the efficacy data and the reported frequencies for each adverse effect. Studies not reporting effi-
cacy or frequency of the respective adverse effect were excluded from the analysis.

d The number in brackets indicates the number of patients who could be included in the analysis.

Cr elevation  = elevation of serum creatinine level (usually defined as an increase of >0.5 mg/dl); IM = intramuscular; n = number of patients
enrolled in the study; NR = not reported; NS = exact number of days not stated; SC = subcutaneous.
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patients developed flushing (20%), 4 experienced
nasal irritation and/or sneezing (16%), and 2 devel-
oped rhinitis (8%).

For the treatment of hypercalcaemia of malig-
nancy calcitonin is administered subcutaneously or
intramuscularly 3 to 4 times a day for several days,
which is judged uncomfortable by most patients.
However, apart from pain at the site of administra-
tion, other adverse effects are rare; notably, flush-
ing has not been reported in studies of hypercalcae-
mia of malignancy. The most frequent adverse
effect is nausea/vomiting, which occurs in 16% of
patients (see table VIII).

Therapy of hypercalcaemia with calcitonin is
hampered by its low activity and an escape phe-
nomenon, which is characterised by loss of activity
as treatment continues, resulting from downregula-
tion of calcitonin receptors on osteoclasts.[103] In a
randomised comparison with pamidronate and
plicamycin, calcitonin had a less pronounced effect
on serum calcium level, although onset of action
was most rapid in this group.[46] Indeed, the cal-
cium lowering activity of calcitonin can be demon-
strated as early as 2 hours from subcutaneous in-
jection. The rapid effect of calcitonin is of value in
combined treatment strategies (e.g. pamidronate
and calcitonin).[104] Nasal calcitonin spray demon-
strated low efficacy in a series of 14 patients with
hypercalcaemia of malignancy, with normalisation
of serum calcium level achieved in only 1 pa-
tient.[105]

4.3 Gallium Nitrate

Gallium nitrate was originally evaluated as an
anticancer agent and only as a consequence of these
studies has its potential in treatment of hyper-
calcaemia of malignancy been recognised.[106] Ap-
proximately 900 patients have been treated in clin-
ical trials sponsored by the US National Cancer
Institute since 1976, and no significant antitumour
activity has been observed in any cancer with the
possible exception of malignant lymphoma. Neph-
rotoxicity was dose limiting in these trials. The
toxic effect of gallium nitrate on the kidney can be
reduced if a urine output of more than 2000 ml/day
is maintained throughout treatment. In the dosage
applied for hypercalcaemia of malignancy (200
mg/m2/day, days 1 to 5), an elevation of serum cre-
atinine level is noted in 10% of patients (see table
IX). One case of acute renal failure has been de-
scribed in a patient with multiple myeloma after
start of therapy.[28]

The effectiveness of gallium nitrate compares
favourably with calcitonin and etidronate, but
more data are needed to accurately define the role
of this drug in malignancy-associated hypercalcae-
mia.

5. Conclusions

Today, IV bisphosphonates are the standard
therapy for hypercalcaemia of malignancy. Newer
bisphosphonates (pamidronate, alendronate and

Table IX.  Clinical studies of gallium nitrate for hypercalcaemia of malignancy

Administration regimen n Percentage of patients Reference

efficacya Cr elevation nausea/
vomiting

fever hepato-
toxicity

hypo-
calcaemia

other

200 mg/m2/day IV for 5
days

24 75 4 14 NR NR NR Hypophosphataemia
91

28

200 mg/m2/day IV for 5
days

34 82 15 NR NR NR NR Hypophosphataemia
97

27

Overallb 58 79 10 (58)c 14 (24)c NR NR NR

a Efficacy = percentage of patients achieving normocalcaemia.

b The last line of the table summarises the efficacy data and the reported frequencies for each adverse effect. Studies not reporting effi-
cacy or frequency of the respective adverse effect were excluded from the analysis.

c The number in brackets indicates the number of patients who could be included in the analysis.

Cr elevation  = elevation of serum creatinine level (usually defined as an increase of >0.5 mg/dl); IV = intravenous; n = number of patients
enrolled in the study; NR = not reported.
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ibandronate) are associated with a significantly
lower occurrence of renal toxicity, nausea and
vomiting as compared with etidronate and signifi-
cantly lower occurrence of nausea and vomiting as
compared with clodronate. All these newer bis-
phosphonates contain a nitrogen atom, which is re-
sponsible not only for their stronger osteoclast in-
hibiting effects but also for a transient, self limiting
acute phase reaction characterised by an increase
in body temperature, malaise and muscle pain.
Plicamycin treatment should be restricted to pa-
tients whose condition does not respond to IV bis-
phosphonates. The toxicity and low efficacy of
plicamycin restricts its clinical use. Calcitonin is
characterised by good tolerability but poor efficacy
in normalising the serum calcium level. However,
a major advantage of calcitonin is the acute onset
of the hypocalcaemic effect (as early as 2 hours
from subcutaneous injection), which contrasts
with the delayed but more pronounced effect of
bisphosphonates. The combination of calcitonin
and bisphosphonate treatment may therefore be of
value when a rapid lowering of serum calcium
level is warranted.

Gallium nitrate seems a valuable treatment for
hypercalcaemia of malignancy, considering the
data published to date. It is characterised by high
efficacy and few adverse events apart from renal
toxicity (10% of cases). However, data are as yet
very limited and further trials are necessary to de-
fine exactly the role of this drug in the treatment of
hypercalcaemia of malignancy.
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