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 feature begins with a case vignette highlighting a common clinical problem. 
Evidence supporting various strategies is then presented, followed by a review of formal guidelines, 

when they exist. The article ends with the author’s clinical recommendations.
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A 47-year-old woman with a history of breast cancer presents with confusion and de-
hydration. The serum calcium level is 18.0 mg per deciliter (4.5 mmol per liter). She has
postural hypotension and low central venous pressure on examination of the jugular
veins. The serum phosphorus level is 5.0 mg per deciliter (1.6 mmol per liter), the
blood urea nitrogen level is 80.0 mg per deciliter (28.6 mmol per liter), the serum cre-
atinine level is 2.0 mg per deciliter (177 µmol per liter), and the albumin level is 3.3 g
per deciliter. A bone scintigraphic scan reveals no evidence of skeletal involvement by
the tumor. How should she be treated?

 

Hypercalcemia has been reported to occur in up to 20 to 30 percent of patients with
cancer at some time during the course of their disease.

 

1-4

 

 This incidence may be falling
owing to the wide use of bisphosphonates in patients with either multiple myeloma or
breast cancer, although data are lacking. Hypercalcemia leads to progressive mental im-
pairment, including coma, as well as renal failure. These complications are particularly
common terminal events among patients with cancer. The detection of hypercalcemia in
a patient with cancer signifies a very poor prognosis; approximately 50 percent of such
patients die within 30 days.

 

5

 

Hypercalcemia associated with cancer can be classified into four types (Table 1).

 

1-4

 

In patients with local osteolytic hypercalcemia, the hypercalcemia results from the
marked increase in osteoclastic bone resorption in areas surrounding the malignant
cells within the marrow space.

 

3,4,6

 

 The condition known as humoral hypercalcemia of
malignancy (HHM) is caused by systemic secretion of parathyroid hormone (PTH)–
related protein (PTHrP) by malignant tumors.

 

1,2,7,8

 

 PTHrP causes increased bone
resorption

 

1,2,7,8

 

 and enhances renal retention of calcium.

 

9,10

 

 The tumors that most
commonly cause HHM are listed in Table 1, but essentially any tumor may cause this
syndrome. Some lymphomas secrete the active form of vitamin D, 1,25-dihydroxyvita-
min D (1,25(OH)

 

2

 

D), causing hypercalcemia as a result of the combination of enhanced
osteoclastic bone resorption and enhanced intestinal absorption of calcium.

 

1,2,11

 

 Fi-
nally, ectopic secretion of authentic PTH is a rare cause of hypercalcemia, having been
well documented in only eight patients to date.

 

1,2,12

 

diagnosis

 

Although clinical laboratories generally measure the total serum calcium level, it is oc-
casionally valuable to measure the serum level of ionized calcium, because increases or
decreases in the albumin level may cause misleading increases or decreases, respectively,
in the total serum calcium level. In addition, in rare patients with myeloma in whom cal-
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cium-binding immunoglobulins are produced,

 

13

 

measurement of total serum calcium may substan-
tially overestimate the serum ionized calcium level.
There are formulas with which to calculate the se-
rum ionized calcium level or to “correct” the total
calcium level (e.g., add 0.8 mg per deciliter to the
total calcium level for every 1.0 g per deciliter of se-
rum albumin below the level of 3.5 g per deciliter),
but they are not precise or always reliable.

 

14

 

 Thus,
measurement of serum ionized calcium should be
considered whenever there is doubt about the va-
lidity of the measurement of total calcium. The test
can be performed rapidly in most hospital laborato-
ries or neonatal intensive care units.

If the calcium level is elevated, a further evalua-
tion should consider not only the mechanisms that
are potentially related to the cancer but also causes
of the elevation of the calcium level that are unrelat-
ed to the cancer (e.g., primary hyperparathyroid-
ism, the use of thiazide diuretics, and granuloma-
tous disease, among other causes).

 

15-18

 

 The tumors
present in hypercalcemia associated with malignant
disease are generally large and readily apparent

 

1-4

 

;
notable exceptions are small neuroendocrine tu-
mors (such as islet tumors and pheochromocyto-
mas). The levels of intact PTH should be measured
routinely. Although ectopic hyperparathyroidism
is extremely rare in hypercalcemia associated with
cancer, concomitant primary hyperparathyroidism
is not (we found that in 8 of 133 patients with can-
cer and hypercalcemia, primary hyperparathyroid-
ism was the cause).

 

18

 

 Although most patients with
typical HHM (Table 1) have increased levels of cir-
culating PTHrP, the diagnosis is usually obvious on

clinical grounds; PTHrP should therefore be mea-
sured in the occasional cases in which the diagno-
sis of HHM cannot be made on clinical grounds
or when the cause of hypercalcemia is obscure.
Plasma 1,25(OH)

 

2

 

D should be measured when
sarcoidosis, other granulomatous disorders, or the
1,25(OH)

 

2

 

D lymphoma syndrome is considered
in the differential diagnosis. A bone scan (or a
skeletal survey, in the case of myeloma) is useful to
assess the skeletal tumor burden in patients with
cancer and hypercalcemia, if the test was not previ-
ously performed for tumor staging.

 

therapeutic considerations

 

In planning therapy for patients with hypercalcemia
associated with malignant disease, antihypercalce-
mic therapy should be considered an interim mea-
sure, one with no ultimate effect on survival.

 

5

 

 Thus,
it is imperative that antitumor therapy be imple-
mented promptly: control of the serum calcium lev-
el merely buys time in which such therapy can work.
Another critical point is that when all the available
therapies have failed, withholding antihypercalce-
mic therapy (which will eventually result in coma
and death) may be an appropriate and humane ap-
proach. In cases in which treatment is considered
appropriate, an assessment of the severity of the
hypercalcemia is needed to guide therapy.

Although there are no formal guidelines, I con-
sider mild hypercalcemia to be a serum calcium lev-
el of 10.5 to 11.9 mg per deciliter (2.6 to 2.9 mmol
per liter), moderate hypercalcemia a level of 12.0 to
13.9 mg per deciliter (3.0 to 3.4 mmol per liter), and
severe hypercalcemia a level of 14.0 mg per deciliter

 

* PTH denotes parathyroid hormone, PTHrP PTH-related protein, 1,25(OH)

 

2

 

D 1,25-dihydroxyvitamin D, and HTLV human 

 

T-cell lymphotrophic virus.

 

Table 1. Types of Hypercalcemia Associated with Cancer.*

Type Frequency Bone Metastases Causal Agent Typical Tumors

 

(%)

 

Local osteolytic
hypercalcemia

20 Common,
extensive

Cytokines, chemo-
kines, PTHrP

Breast cancer, multiple myeloma, 
lymphoma

Humoral hypercalcemia 
of malignancy

80 Minimal or
absent

PTHrP Squamous-cell cancer, (e.g., of head 
and neck, esophagus, cervix, 
or lung), renal cancer, ovarian 
cancer, endometrial cancer, HTLV-
associated lymphoma, breast 
cancer

1,25(OH)

 

2

 

D-secreting 
lymphomas

<1 Variable 1,25(OH)

 

2

 

D Lymphoma (all types)

Ectopic hyperparathyroidism <1 Variable PTH Variable
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(3.5 mmol per liter) or greater. In general, the neu-
rologic and renal complications of hypercalcemia
worsen with increasing severity of hypercalcemia,
but other factors also influence the response to hy-
percalcemia. For example, the rate of the ascent of
the serum calcium level is important — a rapid in-
crease to moderate hypercalcemia frequently results
in marked neurologic dysfunction, whereas chronic
severe hypercalcemia may cause only minimal neu-
rologic symptoms. Similarly, older patients with
preexisting neurologic or cognitive dysfunction may
become severely obtunded in the presence of mild
hypercalcemia, whereas younger patients with mod-
erate-to-severe hypercalcemia may remain alert. Fi-
nally, the concomitant administration of sedatives
or narcotics may worsen the neurologic response to
hypercalcemia.

The optimal therapy for hypercalcemia associat-
ed with cancer is one that is tailored both to the de-
gree of hypercalcemia and to its underlying cause.
True hypercalcemia (i.e., an elevated serum level of
ionized calcium) occurs through three basic mech-
anisms: enhanced osteoclastic bone resorption (in
local osteolytic hypercalcemia, HHM, 1,25(OH)

 

2

 

D-
secreting lymphomas, and the rare case of ectopic
hyperparathyroidism); enhanced renal tubular re-
absorption of calcium (in HHM and ectopic hy-
perparathyroidism); and enhanced intestinal ab-
sorption of calcium (in 1,25(OH)

 

2

 

D-secreting
lymphomas and possibly ectopic hyperparathyroid-
ism). Therapy should be targeted accordingly.

 

general supportive measures

 

The important general supportive measures include
the removal of calcium from parenteral feeding
solutions (a measure often overlooked); discon-
tinuation of the use of oral calcium supplements
in enteral feeding solutions or as calcium tablets;
discontinuation of medications that may indepen-
dently lead to hypercalcemia (e.g., lithium, calcitri-
ol, vitamin D, and thiazides); an increase in the
weight-bearing mobility of the patient, if possible;
and discontinuation of the use of sedative drugs, in-
cluding analgesic drugs, if possible, to enhance the
patient’s mental clarity and promote weight-bear-
ing ambulation.

Hypophosphatemia develops in most patients
with hypercalcemia associated with cancer at some
point during the course of the disease, regardless of
the underlying cause, because of decreased food in-
take, saline diuresis, the use of loop diuretics, the
phosphaturic effects of PTHrP, the hypercalcemia

itself, and treatment with calcitonin or antacids. In
general, the presence of hypophosphatemia in-
creases the difficulty of treating the hypercalce-
mia, and in animal models hypophosphatemia has
been shown to cause hypercalcemia.

 

19

 

 Phosphorus
should be replaced orally or administered through
a nasogastric tube as neutral phosphate.

 

20

 

 The se-
rum phosphorus and creatinine levels should be
followed closely, in an effort to keep the phospho-
rus level in the range of 2.5 to 3.0 mg per deciliter
(0.98 to 1.0 mmol per liter), the serum creatinine
level in the normal range, and the calcium–phos-
phorus product below 40, ideally in the range of 30
(when both are expressed in milligrams per decili-
ter). Intravenous phosphorus replacement should
not be given except in dire circumstances, when oral
or nasogastric administration is impossible, be-
cause its use can result in severe hypocalcemia,
seizures, and acute renal failure.

 

21 

 

These general
support measures alone may be sufficient to treat
patients with mild hypercalcemia.

 

saline hydration and calciuresis

 

Patients with hypercalcemia associated with cancer
are substantially dehydrated as a result of a renal
water-concentrating defect (nephrogenic diabetes
insipidus) induced by hypercalcemia and by de-
creased oral hydration resulting from anorexia and
nausea, vomiting, or both. The dehydration leads
to a reduction in the glomerular filtration rate that
further reduces the ability of the kidney to excrete
the excess serum calcium. First, therefore, parenter-
al volume expansion should be initiated, with the
administration of normal saline. Although there
are no randomized clinical trials to guide this ther-
apy, in general practice normal saline is adminis-
tered at a rate of 200 to 500 ml per hour, depending
on the baseline level of dehydration and renal func-
tion, the patient’s cardiovascular status, the degree
of mental impairment, and the severity of the hy-
percalcemia. These factors must be assessed with
the use of careful clinical monitoring for physical
findings that are consistent with fluid overload.
The goals of treatment are to increase the glomeru-
lar filtration rate, thus increasing the filtered load of
calcium that passes through the glomerulus into
the tubular lumen, and to inhibit calcium reabsorp-
tion in the proximal nephron (because saline itself
is calciuretic). Increasing the glomerular filtration
rate to or above the normal range (within safe lim-
its) also permits the use of loop diuretics (Table 2)
to increase the renal excretion of calcium (loop di-
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uretics block calcium reabsorption in the loop of
Henle and make possible increased administration
of saline, which induces further calcium excretion).
Loop diuretics should not be administered until af-
ter full hydration has been achieved, because these
agents can cause or worsen dehydration, leading to
a decline in the glomerular filtration rate and the fil-
tered load of calcium. In contrast to loop diuretics,

thiazide diuretics should not be administered, since
they stimulate, rather than inhibit, renal calcium
reabsorption.

 

medications

 

Intravenous bisphosphonates are by far the best
studied, safest, and most effective agents for use in
patients with hypercalcemia associated with cancer.

 

* Many of the recommendations in this table are based on historical precedent and common practice rather than on randomized clinical trials. 
There are data from randomized trials comparing bisphosphonates to the other agents listed and to one another.

† The use of intravenous phosphorus should be avoided except in the presence of severe hypophosphatemia (serum phosphorus level <1.5 mg 
per deciliter [0.48 mmol per liter]) and when oral phosphorus cannot be administered. If intravenous phosphorus is used, it should be used 
with extreme caution and with careful observation of the levels of serum phosphorus and creatinine.

 

20,21

 

 To convert values for phosphorus to 
millimoles per liter, multiply by 0.3229.

‡ Pamidronate and zoledronate are approved by the Food and Drug Administration. Ibandronate and clodronate are available in continental Eu-
rope, the United Kingdom, and elsewhere. Bisphosphonates should be used with caution if at all when the serum creatinine level exceeds 2.5 
to 3.0 mg per deciliter (221.0 to 265.2 µmol per liter). 

§ Pamidronate is generally used at a dose of 90 mg, but the 60-mg dose may be used to treat patients of small stature or those with renal im-
pairment or mild hypercalcemia.

¶These drugs have a slow onset of action, as compared with the bisphosphonates; approximately 4 to 10 days are required for a response.
¿ These effects have been reported in association with higher-dose regimens used to treat testicular cancer (50 µg per kilogram of body weight 

per day over a period of five days) and in patients receiving multiple doses of 25 µg per kilogram; they are not expected to occur with a single 

 

dose of 25 µg per kilogram unless preexisting liver, kidney, or hematologic disease is present.

 

Table 2. Pharmacologic Therapy for Hypercalcemia Associated with Cancer.*

Intervention Dose Adverse Effect

 

Hydration or calciuresis

Intravenous saline 200–500 ml/hr, depending on the cardiovascular 
and renal status of the patient

Congestive heart failure

Furosemide 20–40 mg intravenously, after rehydration has 
been achieved

Dehydration, hypokalemia

Phosphate repletion

Oral phosphorus (if serum phosphorus 
≤3.0 mg/dl)†

For example, 250 mg Neutraphos orally, four 
times daily until serum phosphorus level >3.0 
mg/dl or until serum creatinine level increases

Renal failure, hypocalcemia, seizures, 
abnormalities of cardiac conduction, 
diarrhea

First-line medications

Intravenous bisphosphonates‡

Pamidronate 60–90 mg intravenously over a 2-hr period in a 
solution of 50–200 ml of saline or 5% dextrose 
in water§

Renal failure, transient flu-like syndrome 
with aches, chills, and fever

Zoledronate 4 mg intravenously over a 15-min period in a solu-
tion of 50 ml of saline or 5% dextrose in water

Renal failure, transient flu-like syndrome 
with aches, chills, and fever

Second-line medications

Glucocorticoids¶ For example, prednisone, 60 mg orally daily for 
10 days

Potential interference with chemother-
apy; hypokalemia, hyperglycemia, 
hypertension, Cushing’s syndrome, 
immunosuppression

Mithramycin A single dose of 25 µg/kg of body weight over 
a 4-to-6-hour period in saline

Thrombocytopenia, platelet-aggregation 
defect, anemia, leukopenia, hepatitis, 
renal failure¿

Calcitonin 4–8 IU per kilogram subcutaneously or intra-
muscularly every 12 hr 

Flushing, nausea

Gallium nitrate 100–200 mg/m

 

2

 

 of body-surface area intra-
venously given continuously over a 24-hr 
period for five days

Renal failure
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These drugs work by blocking osteoclastic bone re-
sorption.

 

22-33

 

 Because they are poorly absorbed
when given orally (approximately 1 to 2 percent of
an oral dose is absorbed), only intravenously ad-
ministered bisphosphonates are used for this indi-
cation. In the United States, the two drugs that are
approved by the Food and Drug Administration
(FDA) and are currently considered the agents of
choice in the treatment of mild-to-severe hypercalce-
mia associated with cancer are pamidronate

 

22,24,25

 

and zoledronate.

 

22,23,26,27

 

 In continental Europe,
the United Kingdom, and other countries, ibandro-
nate

 

22,28,29

 

 and clodronate

 

22,30-32

 

 are also widely
used. Etidronate, which was the first to be used for
this indication,

 

22

 

 has been replaced by these more
potent bisphosphonates. A number of randomized
clinical trials comparing bisphosphonates to sa-
line and diuretics alone, to other bisphosphonates,
and to other antiresorptive agents such as calcito-
nin have confirmed the superiority of bisphospho-
nates.

 

22,27,28,33

 

Bisphosphonate therapy should be initiated as
soon as hypercalcemia is discovered, because a re-
sponse requires two to four days, and the nadir in
serum calcium generally occurs within four to seven
days after therapy is initiated.

 

22-33

 

 Approximately
60 to 90 percent of patients have normal serum cal-
cium levels within four to seven days, and respons-
es last for one to three weeks.

 

22-33

 

 As compared
with pamidronate, zoledronate has the advantage
of rapid and simpler administration (15 minutes
vs. 2 hours for infusion), whereas pamidronate is
less expensive. Although a direct comparison of the
two drugs in a randomized clinical trial showed a
statistically significant increase in the efficacy of
zoledronate,

 

27

 

 the difference in control of calcemia
was small (mean nadir serum calcium level, 9.8 mg
per deciliter [2.4 mmol per liter] with zoledronate
and 10.5 mg per deciliter [2.6 mmol per liter] with
pamidronate; the proportion of patients in whom a
corrected serum calcium level of 10.8 mg per deci-
liter [2.7 mmol per liter] was achieved by day 10 was
88 percent and 70 percent, respectively). Thus, the
differences are of arguable clinical importance, and
the choice is largely one between convenience and
cost. Either pamidronate or zoledronate is accept-
able therapy.

In animal models, bisphosphonates have been
associated with azotemia

 

22,23

 

 and thus, their use in
patients with renal failure is a potential concern.
However, because hypercalcemia is a frequent cause
of renal dysfunction in patients with hypercalcemia

associated with cancer, effective treatment of the
hypercalcemia associated with cancer often im-
proves renal function.

 

25,34

 

 The manufacturer and
the American Society of Clinical Oncology

 

35

 

 do not
recommend the use of a reduced dose of pamidro-
nate or zoledronate for patients with serum creati-
nine values of less than 3.0 mg per deciliter (265.2
µmol per liter), but they do advise that the recom-
mended duration of the infusion not be shortened.
Pamidronate and zoledronate have been reported
to cause or exacerbate renal failure, but this effect
has generally occurred  in patients receiving multi-
ple doses.

 

36

 

 In patients whose condition fails to re-
spond to a low initial dose of bisphosphonates, the
use of a second, larger dose (an approach that has
not been approved by the FDA) or a second-line
agent may be considered.

 

other pharmacologic agents

 

Several agents commonly used before the advent of
bisphosphonates are now used infrequently, usually
when bisphosphonates are ineffective or contrain-
dicated (Table 2). Glucocorticoids

 

37,38

 

 may still have
a role in the treatment of some patients, such as
those with lymphomas resulting in elevated levels
of 1,25(OH)

 

2

 

 vitamin D. Calcitonin may result in a
more rapid reduction in serum calcium levels than
do other agents (the maximal response occurs with-
in 12 to 24 hours), but its value is questionable be-
cause the reductions are small (approximately 1.0
mg per deciliter [0.25 mmol per liter]) and tran-
sient.

 

37,39

 

 Mithramycin, which was the mainstay of
therapy for hypercalcemia associated with cancer
before the bisphosphonates became available,

 

40

 

 re-
mains effective, but its use is limited by potential
adverse effects (Table 2). Gallium nitrate is also ap-
proved for treatment,

 

41

 

 but the need for continuous
intravenous administration over a period of five days
limits its use.

 

dialysis

 

In patients who have cancers that are likely to re-
spond to therapy but in whom acute or chronic re-
nal failure is present, aggressive saline infusion is
not possible, and other therapies such as bisphos-
phonates should be used with caution, if at all. In
these circumstances, dialysis against a dialysate
containing little or no calcium is a reasonable and
highly effective option for selected patients.

 

42,43

 

There are no specific guidelines with regard to how
low the glomerular filtration rate must be for dialy-
sis to be a rational choice in treating hypercalcemia,
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but in general, when the rate falls below 10 to 20 ml
per minute, or when the presence of congestive
heart failure contraindicates an adequate admin-
istration of saline, or both, dialysis should be con-
sidered.

The receptor activator of nuclear factor-

 

k

 

B ligand
(RANKL) system is the molecular pathway that
leads to osteoclast recruitment and differentiation
and bone resorption in hypercalcemia associated
with cancer. Agents that interfere with the system,
such as recombinant osteoprotegerin (a decoy re-
ceptor for RANKL) or monoclonal antibodies di-
rected against RANKL, have been proposed as
novel treatments for hypercalcemia associated with
malignant disease, as have monoclonal antibod-
ies, which neutralize PTHrP. Preliminary data from
studies in animals or small studies involving wom-
en with osteoporosis indicate reductions in bone
resorption with these approaches.

 

44-46

 

 Whether
these agents will prove to be safe and effective in
humans with hypercalcemia associated with can-
cer, whether they can be produced commercially
at a cost competitive with that of bisphosphonates,
and whether they can reverse hypercalcemia more
effectively than the potent bisphosphonates remain
unknown.

No guidelines are available from the major profes-
sional societies for the treatment of hypercalcemia
associated with cancer.

The patient described in the vignette, who has breast
cancer and a large, obvious tumor burden, is typical
of patients with hypercalcemia associated with can-

cer in general and with HHM in particular. As in all
cases of hypercalcemia in patients with cancer, oth-
er causes of the hypercalcemia need to be carefully
considered. Coexisting primary hyperparathyroid-
ism should routinely be ruled out by measurement
of the level of immunoreactive parathyroid hor-
mone. In the patient described, HHM is the most
likely cause of the hypercalcemia; thus, immunore-
active parathyroid hormone would be suppressed
and circulating PTHrP would be elevated (however,
I do not routinely measure PTHrP unless the diag-
nosis is uncertain).

When a patient presents with hypercalcemia as-
sociated with cancer, the physician should first con-
sider whether treatment is appropriate according
to an assessment of the overall prognosis. The cor-
nerstones of successful antihypercalcemic therapy
are vigorous rehydration (with the use of normal
saline at 200 to 500 ml per hour, depending on the
patient’s cardiovascular status and renal function);
aggressive calciuresis with the use of loop diuretics,
after normovolemia has been restored; and inhibi-
tion of bone resorption with the use of intravenous
bisphosphonates (in the United States, the admin-
istration of either pamidronate [an infusion of 60
to 90 mg over a 2-hour period] or zoledronate [4 mg
over a 15-minute period]). Pamidronate is at present
less expensive, whereas zoledronate is more con-
venient to use and results in slightly greater mean
reductions in the serum calcium level, although the
differences are small. The expectation with the use
of either regimen is that the serum calcium level will
begin to fall within 12 hours after the therapy is ini-
tiated and will reach the nadir within approximately
four to seven days. The serum calcium level general-
ly will remain in the normal or near-normal range
for one to three weeks, allowing time to institute
other treatments for the malignant disease respon-
sible for the hypercalcemia.

 

Supported by a grant (DK 51081) from the National Institutes of
Health.

areas of uncertainty

guidelines

recommendations

 

references

 

1.

 

Stewart AF, Broadus AE. Malignancy-
associated hypercalcemia. In: DeGroot L,
Jameson LJ, eds. Endocrinology. 5th ed.
Philadelphia: Saunders (in press).

 

2.

 

Horwitz MJ, Stewart AF. Humoral hy-
percalcemia of malignancy. In: Favus MF,
ed. Primer on the metabolic bone diseases
and disorders of mineral metabolism. 5th
ed. Washington D.C.: American Society for
Bone and Mineral Research, 2003:246-50.

 

3.

 

Roodman GD. Mechanisms of bone

metastasis. N Engl J Med 2004;350:1655-
64.

 

4.

 

Clines GA, Guise TA. Hypercalcemia in
hematologic malignancies and in solid tu-
mors associated with extensive localized
bone destruction. In: Favus MJ, ed. Primer
on the metabolic bone diseases and disor-
ders of mineral metabolism. 5th ed. Wash-
ington D.C.: American Society for Bone and
Mineral Research, 2003:251-6.

 

5.

 

Ralston SH, Gallagher SJ, Patel U,

Campbell J, Boyle IT. Cancer-associated hy-
percalcemia: morbidity and mortality: clini-
cal experience in 126 treated patients. Ann
Intern Med 1990;112:499-504.

 

6.

 

Guise TA, Yin JJ, Taylor SD, et al. Evi-
dence for a causal role of parathyroid hor-
mone-related protein in the pathogenesis of
human breast cancer-mediated osteolysis.
J Clin Invest 1996;98:1544-9.

 

7.

 

Stewart AF, Vignery A, Silvergate A, et al.
Quantitative bone histomorphometry in hu-

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSIDAD DE CHILE on September 26, 2019. For personal use only. No other uses without permission. 

 Copyright © 2005 Massachusetts Medical Society. All rights reserved. 



 

n engl j med 

 

352;4

 

www.nejm.org january 

 

27, 2005

 

clinical practice

 

379

 

moral hypercalcemia of malignancy: uncou-
pling of bone cell activity. J Clin Endocrinol
Metab 1982;55:219-27.

 

8.

 

Nakayama K, Fukumoto S, Takeda S, et
al. Differences in bone and vitamin D me-
tabolism between primary hyperparathy-
roidism and malignancy-associated hyper-
calcemia. J Clin Endocrinol Metab 1996;81:
607-11.

 

9.

 

Bonjour J-P, Philippe J, Guelpa G, et al.
Bone and renal components in hypercalce-
mia of malignancy and response to a single
infusion of clodronate. Bone 1988;9:123-
30.

 

10.

 

Horwitz MJ, Tedesco MB, Sereika SM
Hollis BW, Garcia-Ocaña A, Stewart AF. Di-
rect comparison of sustained infusion of hu-
man parathyroid hormone-related protein-
(1-36) [hPTHrP-(1-36)] versus hPTH-(1-34)
on serum calcium, plasma 1,25-dihydroxy-
vitamin D concentrations, and fractional
calcium excretion in healthy human volun-
teers. J Clin Endocrinol Metab 2003;88:
1603-9.

 

11.

 

Seymour JF, Gagel RF, Hagemeister FB,
Dimopoulos MA, Cabanillas F. Calcitriol
production in hypercalcemic and normocal-
cemic patients with non-Hodgkin lympho-
ma. Ann Intern Med 1994;121:633-40.

 

12.

 

Nussbaum SR, Gaz RD, Arnold A. Hy-
percalcemia and ectopic secretion of para-
thyroid hormone by an ovarian carcinoma
with rearrangement of the gene for parathy-
roid hormone. N Engl J Med 1990;323:
1324-8.

 

13.

 

John R, Oleesky D, Issa B, et al. Pseudo-
hypercalcaemia in two patients with IgM
paraproteinaemia. Ann Clin Biochem 1997;
34:694-6.

 

14.

 

Ladenson JH, Lewis JW, McDonald JM,
Slatopolsky E, Boyd JC. Relationship of free
and total calcium in hypercalcemic condi-
tions. J Clin Endocrinol Metab 1978;48:393-
7.

 

15.

 

Stewart AF. Normal physiology of bone
and mineral homeostasis. In: Andriole TE,
ed. Cecil essentials of medicine. 5th ed. Phil-
adelphia: Saunders, 2004:683-94.

 

16.

 

LeBoff MS, Mikulec KH. Hypercalce-
mia: clinical manifestations, pathogenesis,
diagnosis, and management. In: Favus MJ,
ed. Primer on the metabolic bone diseases
and disorders of mineral metabolism. 5th
ed. Washington D.C.: American Society for
Bone and Mineral Research, 2003:225-30.

 

17.

 

Bilezikian JP, Silverberg SJ. Asymptom-
atic primary hyperparathyroidism. N Engl J
Med 2004;350:1746-51.

 

18.

 

Godsall JW, Burtis WJ, Insogna KL,
Broadus AE, Stewart AF. Nephrogenous cy-
clic AMP, adenylate cyclase-stimulating ac-
tivity, and the humoral hypercalcemia of

malignancy. Recent Prog Horm Res 1986;
42:705-50.

 

19.

 

Jara A, Lee E, Stauber D, Moatamed F,
Felsenfeld AJ, Kleeman CR. Phosphate de-
pletion in the rat: effect of bisphosphonates
and the calcemic response to PTH. Kidney
Int 1999;55:1434-43.

 

20.

 

Lentz RD, Brown DM, Kjellstrand CM.
Treatment of severe hypophosphatemia.
Ann Intern Med 1978;89:941-4.

 

21.

 

Goldsmith RS, Ingbar SH. Inorganic
phosphate treatment of hypercalcemia of di-
verse etiologies. N Engl J Med 1966;274:1-7.

 

22.

 

Fleisch H. Bisphosphonates: mecha-
nisms of action. Endocr Rev 1998;19:80-
100.

 

23.

 

Cheer SM, Noble S. Zoledronic acid.
Drugs 2001;61:799-805.

 

24.

 

Nussbaum SR, Younger J, Vandepol CJ,
et al. Single-dose intravenous therapy with
pamidronate for the treatment of hypercal-
cemia of malignancy: comparison of 30-,
60-, and 90-mg dosages. Am J Med 1993;95:
297-304.

 

25.

 

Berenson JR, Rosen L, Vescio R, et al.
Pharmacokinetics of pamidronate disodi-
um in patients with cancer with normal or
impaired renal function. J Clin Pharmacol
1997;37:285-90.

 

26.

 

Body JJ, Lortholary A, Romieu G, Vig-
neron AM, Ford J. A dose-finding study of
zoledronate in hypercalcemic cancer pa-
tients. J Bone Miner Res 1999;14:1557-61.

 

27.

 

Major P, Lortholary A, Hon J, et al.
Zoledronic acid is superior to pamidronate
in the treatment of hypercalcemia of malig-
nancy: a pooled analysis of two randomized,
controlled clinical trials. J Clin Oncol 2001;
19:558-67.

 

28.

 

Pecherstorfer M, Steinhauer EU, Rizzoli
R, Wetterwald M, Bergstrom B. Efficacy and
safety of ibandronate in the treatment of hy-
percalcemia of malignancy: a randomized
multicentric comparison to pamidronate.
Support Care Cancer 2003;11:539-47.

 

29.

 

Ralston SH, Thiebaud D, Herrmann Z,
et al. Dose-response study of ibandronate in
the treatment of cancer-associated hypercal-
caemia. Br J Cancer 1997;75:295-300.

 

30.

 

Jacobs TP, Siris ES, Bilezikian JP, Baui-
ran DC, Shane E, Canfield RE. Hypercalce-
mia of malignancy: treatment with intrave-
nous dichloromethylene diphosphonate.
Ann Intern Med 1981;94:312-6.

 

31.

 

Shah S, Hardy J, Rees E, et al. Is there a
dose-response relationship for clodronate
in the treatment of tumor-induced hypercal-
caemia? Br J Cancer 2002;86:1235-7.

 

32.

 

Jung A. Comparison of two parenteral
diphosphonates in hypercalcemia of malig-
nancy. Am J Med 1982;72:221-6.

 

33.

 

Gucalp R, Ritch P, Wiernik PH, et al.

Comparative study of pamidronate disodi-
um and etidronate disodium in the treat-
ment of cancer-related hypercalcemia. J Clin
Oncol 1992;10:134-42.

 

34.

 

Machado CE, Flombaum CD. Safety of
pamidronate in patients with renal failure
and hypercalcemia. Clin Nephrol 1996;45:
175-9.

 

35.

 

Hillner BE, Ingle JN, Chlebowski RT, et
al. American Society of Clinical Oncology
2003 update on the role of bisphosphonates
and bone health issues in women with
breast cancer. J Clin Oncol 2003;21:4042-
57. [Erratum, J Clin Oncol 2004;22:1351.]

 

36.

 

Markowitz GS, Fine PL, Stack JI, et al.
Toxic acute tubular necrosis following treat-
ment with zoledronate (Zometa). Kidney Int
2003;64:281-9.

 

37.

 

Binstock ML, Mundy GR. Effect of calci-
tonin and glucocorticoids in combination
on the hypercalcemia of malignancy. Ann
Intern Med 1980;93:269-72.

 

38.

 

Watson L, Moxham J, Fraser P. Hydro-
cortisone suppression test and discriminant
analysis in differential diagnosis of hyper-
calcaemia. Lancet 1980;1:1320-5.

 

39.

 

Wisneski LA, Croom WP, Silva OL,
Becker KL. Salmon calcitonin in hypercalce-
mia. Clin Pharmacol Ther 1978;24:219-22.

 

40.

 

Perlia CP, Gubisch NJ, Wolter J, Edel-
berg D, Dederick MM, Taylor SG III. Mithra-
mycin treatment of hypercalcemia. Cancer
1970;25:389-94.

 

41.

 

Leyland-Jones B. Treatment of cancer-
related hypercalcemia: the role of gallium
nitrate. Semin Oncol 2003;30:Suppl 5:13-9.

 

42.

 

Cardella CJ, Birkin BL, Rapoport A. Role
of dialysis in the treatment of severe hyper-
calcemia: report of two cases successfully
treated with hemodialysis and review of the
literature. Clin Nephrol 1979;12:285-90.

 

43.

 

Koo WS, Jeon DS, Ahn SJ, Kim YS, Yoon
YS, Bang BK. Calcium-free hemodialysis for
the management of hypercalcemia. Neph-
ron 1996;72:424-8.

 

44.

 

Bekker PJ, Holloway D, Nakanishi A, Ar-
righi M, Leese PT, Dunstan CR. The effect of
a single dose of osteoprotegerin in post-
menopausal women. J Bone Miner Res
2001;16:348-60.

 

45.

 

Bekker PJ, Holloway DL, Rasmussen
AS, et al. A single-dose placebo-controlled
trial of AMG 162, a fully human monoclonal
antibody to RANKL, in postmenopausal
women. J Bone Miner Res 2004;19:1059-66.

 

46.

 

Sato K, Onuma E, Yocum RC, Ogata E.
Treatment of malignancy-associated hyper-
calcemia and cachexia with humanized
anti-parathyroid hormone-related protein
antibody. Semin Oncol 2003;30:Suppl 16:
167-73.

 

Copyright © 2005 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSIDAD DE CHILE on September 26, 2019. For personal use only. No other uses without permission. 

 Copyright © 2005 Massachusetts Medical Society. All rights reserved. 


