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Abstract
This chapter discusses hypercalcemia of
malignancy which is the commonest biochem-
ical complication of cancer and recognized as a
medical emergency. Hypercalcemia presents
with a wide range of clinical symptoms
which in some cases can be severe and life-
threatening. It is essential for clinicians to con-
sider hypercalcemia as a differential diagnosis
in patients with nonspecific symptoms, as
hypercalcemia is potentially reversible. The
following sections will review normal calcium
homeostasis and discuss the mechanisms of
how cancer disrupts this tightly regulated
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system. It is recognized that hypercalcemia is
normally associated with advanced disease
and, unless antineoplastic treatments are avail-
able, is a poor prognostic sign. It is therefore
important to consider the individual clinical
situation before deciding on an appropriate
management plan. Hypercalcemia results in
hypovolemia, and the initial management
should consist of rehydration. Following this,
specific calcium-lowering treatment should be
considered. Following rehydration, bisphos-
phonates have been the treatment of choice
for the last 20 years and are effective in the
initial treatment for the majority of cases.
Unfortunately, it is common for hypercalcemia
to relapse, and the best approach to treatment
of recurrent and refractory hypercalcemia is
not clear. Denosumab is an emerging option,
and the initial evidence appears favorable.
Further research regarding the use of
denosumab for hypercalcemia of malignancy
is warranted.

1 Introduction

Malignant hypercalcemia is a common metabolic
complication of cancer seen in oncology and
palliative care. It is important for clinicians to
remain vigilant as its presentation can often be
insidious and mimic general disease progression.
It may cause significant symptoms that can often
be reversed, resulting in major improvements
in quality of life. The occurrence of malignant
hypercalcemia is a poor prognostic marker with
or without treatment. Despite a number of anti-
hypercalcemic agents available, bisphosphonates
are currently considered the mainstay of
treatment.

2 Epidemiology

Hypercalcemia is a common presentation seen
both in primary care and in the emergency
department. Ninety percent of cases are due to
either primary hyperparathyroidism or malig-
nancy (Lafferty 1991). Hypercalcemia due to

malignancy typically evolves rapidly and often
leads to significant symptoms and therefore
acute clinical presentation. Patients admitted to
the hospital with hypercalcemia have an almost
50% chance of having a malignancy, compared
with those that present to primary care where
hyperparathyroidism is the most likely cause
(Lindner et al. 2013).

Malignant hypercalcemia is reported to
develop in up to 40% of all cancer patients,
although incidence varies quite widely depending
on the literature (Burt and Brennan 1980;
Vassilopoulou-Sellin et al. 1993; Alsirafy et al.
2009). This may be in part due to the variation in
defining hypercalcemia. It is also dependent upon
which patient group is included, as it is more
common in advanced disease and in certain malig-
nancies. The most common solid malignancies
associated with malignant hypercalcemia are
breast, renal, lung, and squamous cell cancers
where the incidence may be close to 50%
(Alsirafy et al. 2009). Multiple myeloma, leuke-
mia, and non-Hodgkin’s lymphoma are the most
common hematological malignancies associated
with malignant hypercalcemia (Burt and Brennan
1980; Vassilopoulou-Sellin et al. 1993).

The presence of malignant hypercalcemia is
recognized as a marker of advanced disease and
is a poor prognostic sign (Stewart 2005; Rosner
and Dalkin 2012). Up to 50% of patients with
treated hypercalcemia will have died within
1 month and 75% within 3 months (Ralston
et al. 1990; Stewart 2005). Treating hypercalce-
mia alone has a limited impact on the overall
prognosis as it does not modify the underlying
advanced malignancy. Antineoplastic treatments
together with anti-hypercalcemia management
offer the best chance of a longer survival time
(Ralston et al. 1990; Kristensen et al. 1998).

3 Pathophysiology

3.1 Normal Homeostasis of Calcium

Calcium is an essential element that is important
in maintaining normal cellular function and sig-
nalling and maintaining physiological processes,

1282 K. A. Tham and D. S. E. Seah



e.g., neuromuscular signalling, hormonal secre-
tion, and blood coagulation (Kasper et al. 2015).
As a result, calcium homeostasis to maintain the
extracellular calcium ions (ca2+) is tightly regu-
lated. Broadly, calcium levels are controlled by
four organs: small intestine, bones, kidneys, and
the parathyroid glands. About 10–20% of dietary
calcium is absorbed by the small intestine, and the
rest is excreted in feces.

Over 90% of the calcium in the body is stored
as hydroxyapatite in the skeleton, acting as a
reservoir. The remaining 10% is present in the
plasma via two forms: the physiologically active
calcium ions (ca2+) and calcium bound to carriers,
particularly albumin.

Several hormonal systems are involved in
controlling the level of calcium ions in the
plasma. The main systems affect the bone
remodeling process to increase or decrease the
release of calcium from skeletal stores, as well
as affect the kidneys to increase or decrease renal
calcium excretion. Fig. 1 shows the basic
mechanism.

The most significant system is a negative
feedback mechanism regulated by two main hor-
mones, parathyroid hormone (PTH) and the active
vitamin D metabolite 1,25-dihydroxyvitamin D
[Calcitriol] (Kasper et al. 2015).

Calcium sensors on the parathyroid glands
activate the release of parathyroid hormone
(PTH) when the levels of extracellular calcium
ion are low. PTH acts on the kidneys and bones

to increase the extracellular calcium levels. PTH
affects the kidneys in two ways to increase cal-
cium levels: the reduction of calcium excretion
and the production of Calcitriol. The renal pro-
duction of Calcitriol assists the PTH in mobilizing
calcium release from bones and also stimulates the
small intestine to increase calcium absorption.

The release of PTH triggers calcium release
from the bones by altering bone remodeling,
a process that is complex and involves bone-
forming cells (osteoblasts) and bone-resorbing
cells (osteoclasts). It is the balance between oste-
oblasts and osteoclasts that controls the rate of
bone turnover and calcium release. An important
element of this process involves the receptor acti-
vator of nuclear factor kappa-B (RANK). This
receptor is carried on the osteoclast precursor
cells and when stimulated by a ligand (RANKL),
which is expressed on the osteoblast, results in
the formation of mature osteoclasts leading to
increased bone resorption and calcium release
(Kasper et al. 2015).

The final important hormone of note is calcito-
nin, which is produced by thyroid C cells in
response to increased calcium levels. The effect
of calcitonin reduces bone turnover and calcium
reabsorption in the kidneys, which in turn reduce
serum calcium.

Understanding this complex relationship
between calcium levels, PTH, active vitamin D,
and bone cells have allowed effective treatments
to be developed that modify this system.

Fig. 1 Physiological schema of calcium
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3.2 Mechanism of Malignant
Hypercalcemia

The role of bone remodeling and PTH in calcium
homeostasis is important in the understanding of
the pathophysiology of hypercalcemia in malig-
nancy. Normal calcium homeostasis is disrupted
in advanced cancer through two main mecha-
nisms described below.

3.2.1 Humoral Hypercalcemia of
Malignancy

The humoral mechanism is responsible for
approximately 80% of hypercalcemia related to
malignancy, via an increased release of parathy-
roid hormone-related protein (PTHrP) from the
tumor. PTHrP is structurally similar to PTH and
initiates calcium release from the bones through
increased osteoclastic activity, as well as reduced
excretion from the kidneys, causing increased
extracellular calcium levels. Unlike PTH, it
does not influence the production of Calcitriol
and hence has minimal influence on small
bowel absorption of calcium (Horwitz et al.
2005). PTHrP acts on osteoblasts, which in turn
increase the production of RANKL, and activates
osteoclasts and bone resorption. The humoral
mechanism does not depend upon the presence
or absence of bone metastases and is most com-
monly seen in breast cancer, squamous cell can-
cers (e.g., head and neck, esophagus, cervix, or
lung), and endometrial and renal cell cancers
(Stewart 2005).

3.2.2 Local Osteolytic Hypercalcemia
Patients who have high volume metastatic,
osteolytic bone involvement may develop
hypercalcemia, via the production of local
cytokines from increased osteoclastic activity
(Francini et al. 1993). Osteoblastic metastatic
disease, such as those typically seen in prostate
cancer, is not associated with increased risk of
hypercalcemia of malignancy. PTHrP is also a
likely mediator of this mechanism, acting on the
microenvironment within the bone; hence sys-
temic PTHrP levels may not be raised (Rosner
and Dalkin 2012). Metastatic breast and lung

cancers, as well as myeloma, commonly involve
an osteolytic mechanism which is causing
hypercalcemia.

Other rare causes of malignant hypercalcemia
include those mediated by increased active vita-
min D production, seen most commonly in lym-
phoma (Seymour and Gagel 1993). In addition,
parathyroid carcinoma can cause ectopic PTH
production leading to hypercalcemia (VanHouten
et al. 2006). A combination of mechanisms may
occur simultaneously. In one study of 443 patients
with cancer and hypercalcemia, 53% of patients
had osteolytic hypercalcemia, 35% had humoral
hypercalcemia, and 12% had both osteolytic and
humoral factors (Soyfoo et al. 2013).

4 Clinical Presentation

Clinical presentation and development of symp-
toms in hypercalcemia are related to the rate
of increase in serum calcium, rather than
simply the absolute value. Hypercalcemia may
be asymptomatic in severe levels if it has evolved
slowly (Stewart 2005). This is particularly true
in younger patients that have no pre-existing
comorbidities. Hypercalcemia may therefore be
only diagnosed due to an incidental finding on a
blood test. It can however also present with very
severe symptoms requiring urgent treatment.

The well-known mnemonic often associated
with hypercalcemia of “painful bones, renal
stones, abdominal groans, and psychic moans”
is typically associated with the presentation
of primary hyperparathyroidism. Hypercalcemia
due to primary hyperparathyroidism often
develops over a longer period, allowing for a
patient to remain relatively well, but resulting in
the development of complications such as renal
stones and peptic ulceration.

In hypercalcemia of malignancy, the rapid rise
in calcium level results in a patient becoming
more constitutionally unwell. A combination of
neurological and gastrointestinal symptoms is
most common, especially confusion, somnolence,
nausea, and constipation. Patients are often signif-
icantly dehydrated due to many factors: reduced
oral intake, vomiting, and polyuria. In the most
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severe cases, cardiac complications and seizures
may occur. Table 1 details the mild and severe
symptoms and signs of hypercalcemia.

5 Diagnosis and Investigation

As the symptoms can be varied and nonspecific,
often the most important element of diagnosis is
in ensuring that it is part of the differential diag-
nosis. A patient’s corrected calcium levels
should be checked if there is a clinical suspicion
that it may be raised. Serum calcium is present in
two forms: calcium that is bound to protein,
predominantly albumin, and ionized calcium.
The physiologically active form is the ionized
calcium, and this is maintained despite fluctua-
tions in albumin levels. Laboratories routinely
test total serum calcium levels. In healthy indi-
viduals, 45% of total calcium is in the active
ionized form and 55% bound to carriers. Refer-
ence ranges for normal total calcium levels are
made assuming an albumin level of 40 g/L (4 g/
dL). In patients where albumin levels are low,
this ratio is disrupted, and therefore a total serum
calcium level will not reflect the active ionized
calcium level. Some laboratories can directly
measure ionized calcium; however in most

cases, it is calculated from the total serum cal-
cium level using the following formula to give a
corrected calcium level:

Corrected calcium mmol=L½ �
¼ Measured total calcium mmol=L½ �

þ 0:02 40� albumin g=L½ �ð Þ

As patients with advanced malignancy com-
monly have low albumin levels, it is important
to ensure that the corrected calcium level is
known before a diagnosis of malignant hypercal-
cemia is made or excluded.

There can be variation in the diagnostic level of
hypercalcemia, depending on local guidelines, but
it is often classified as mild, moderate, or severe
based on the serum ionized calcium level below
(Stewart 2005). See Table 2.

In patients who have advanced cancer, it
may not be necessary or appropriate to investi-
gate the mechanism of hypercalcemia once it
has been diagnosed, particularly as the treat-
ment in most situations is the same regardless
of cause. There are occasional situations where
there is uncertainty or there is a suspicion of
simultaneous mechanisms occurring. Primary
hyperparathyroidism is a relatively common
diagnosis across the general population with
around 20 cases per 100,000 (Ayuk et al.
n.d.). Therefore, primary hyperparathyroidism
may occur concurrently with hypercalcemia of
malignancy, and there is evidence that it may be
more common in certain tumor types than the
general population (Fierabracci et al. 2001).
Primary hyperparathyroidism can be success-
fully treated with surgical resection of the para-
thyroid glands. Therefore, in a patient who has
a low disease burden and a favorable prognosis,
it may be of benefit to confirm the underlying
cause of the hypercalcemia. Fig. 2 represents an
approach to the diagnosis. In summary, serum
PTH level will be raised in primary

Table 1 Symptoms and signs of hypercalcemia

Mild Severe

Neurological Fatigue
Mental dullness
Muscle
weakness
Headache

Confusion
Delirium
Reduced
conscious state
Seizures

Gastrointestinal Anorexia
Constipation

Nausea
Vomiting
Abdominal
pain

Renal Thirst
Polyuria (often
not present)

Cardiac Shortened QT
interval on ECG

Arrhythmias
Bradycardia
Hypertension
Bundle branch/
AV blocks
Cardiac arrest
(in most severe)

Table 2 Severity of hypercalcemia based on serum
ionised levels

Mild <3 mmol/L or <12 mg/dL

Moderate 3.0–3.5 mmol/L or 12–14 mg/dL

Severe >3.5 mmol/L or >14 mg/dL
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hyperparathyroidism and suppressed in hyper-
calcemia of malignancy. It is also possible to
check PTHrP levels which can help confirm the
underlying mechanism involved in those who
have hypercalcemia of malignancy.

While PTH or PTHrP is not routinely
requested for a patient with advanced cancer,
one study suggests that the level of PTHrP

may inform prognostication and predict likely
response to the common treatment of bisphos-
phonates (Wimalawansa 1994b). In this study it
was suggested that higher PTHrP levels would
result in a poorer response to bisphosphonates
treatment possibly due to the nonskeletal effects
of PTHrP, such as the renal response, which
bisphosphonates will not modify.

Raised corrected
calcium

Uncertainty
regarding cause

Check serum
PTH

Low or low normal
PTH

Hypercalcemia
of malignacy

Primary
hyperparathyroidism

Humeral Hypercalcemia
of malignancy

Check
PTHrP

Low PTHrP

Check 1,25-dihydroxyvitamin D

Low 1,25-dihydroxyvitamin D

Osteolytic hypercalcemia
of malignancy

Vitamin D mediated
hypercalcemia - most
commonly lymphoma

High 1,25 -dihydroxyvitamin D

Raised PTHrP

Raised PTH

• known malignancy commonly associated with raised calcium
-extensive bone metastases

-symptoms of hypercalcemia and stage of underlying malignancy
-previous raised calcium

Review hisory

Hypercalcemia of malignancy
likely cause and no further

investigations felt appropriate

Fig. 2 Diagnostic approach to investigating hypercalcaemia
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6 Treatment

6.1 General Approach

Multiple factors should be considered before
deciding on a treatment plan. These include
goals of care, severity of hypercalcemia, symp-
tomatology, previous episodes of hypercalcemia
(including response to treatment), and finally
patient wishes.

Firstly, it is important to establish whether treat-
ment is appropriate. If a patient is moribund due to
their advanced malignancy, then treatment is likely
to be futile. The difficulty can be distinguishing
between disease progression and reversible symp-
toms secondary to hypercalcemia. Treatment may
also not be appropriate in patientswho have recently
been treated for hypercalcemia and have either rap-
idly relapsed or been refractory to treatment. In these
uncertain situations, a frank discussion about the
limitations about efficacious treatments with a
patient and their family is required.

When the treatment of the hypercalcemia is con-
sidered appropriate, the severity of the hypercalce-
mia and the symptom burden should be
considered next. In asymptomatic patients with
mildly raised hypercalcemia, conservativemeasures
can be taken. These measures may include ensuring
sufficient parenteral hydration, as well as stopping
any contributorymedications, e.g., calcium, vitamin
D supplements, and thiazide diuretics.

In symptomatic patients with calcium levels
greater than 3.0 mmol/L (12 mg/dL), further man-
agement is indicated. This initially involves
parenteral rehydration, followed by specific anti-
hypercalcemic treatments. The most commonly
used agents are the bisphosphates and more
recently denosumab. Calcitonin is frequently
given, although it has limited benefits due to its
short-acting effects. There are a number of other
medications that are mentioned in the literature,
including loop diuretics, gallium nitrate, and
octreotide (Stewart 2005; Mirrakhimov 2015;
Rosner and Dalkin 2012).

If a more active management approach is
warranted, then antineoplastic treatments should
also be considered to maintain normocalcemia

after hypercalcemia is treated. Antineoplastic
treatments such as chemotherapy provide optimal
long-term treatment of hypercalcemia and offer
the best prognosis (Ralston et al. 1990; Kristensen
et al. 1998).

Regardless of the decisions pertaining to the
goals of care, the occurrence of hypercalcemia of
malignancy is a marker of poor prognosis and a
harbinger of death within a few months in the
majority of patients. Clear and sensitive informa-
tion regarding the patient’s advanced illness
should be communicated to the patient and their
family. It is important to explain to them that the
correcting of the calcium levels is a temporizing
measure, with the management and control of
their underlying malignancy offering the best
chance in prolonging survival. Patients and their
family are also often fearful of the symptoms
caused by hypercalcemia. Irrespective of the deci-
sion to treat the hypercalcemia, reassurance
should be provided to the patient and the family
that the treating team will endeavor to ensure the
patient’s comfort by managing the patient’s symp-
toms utilizing other medications.

6.2 Intravenous Hydration and Role
of Loop Diuretics

Hypercalcemia causes significant hypovolemia
through a combination of mechanisms. Firstly,
raised calcium results in an acquired nephrogenic
diabetes insipidus cause polyuria. Secondly, gastro-
intestinal symptoms may result in nausea, reduced
fluid intake, and vomiting. Finally, the hypovolemia
itself results in a reduced glomerular filtration rate
and therefore reduces the kidney’s ability to excrete
calcium. In all cases of symptomatic hypercalcemia,
intravenous fluid hydration should be given to cor-
rect the volume deficit and to treat the hypercalce-
mia. The volume and rate of fluid replacement
administered should be considered according to
the clinical picture, severity of hypercalcemia,
renal dysfunction, and cardiac insufficiency.
In severe hypercalcemia, the fluid deficit can be
profound, and aggressive fluid replacement is
required. Current evidence recommends the use of

72 Hypercalcemia of Malignancy 1287



intravenous normal saline at a rate of 200–300mls/h
(Mirrakhimov 2015). The total volume required
may be as much as 4–6 l; however caution must
be given to avoid fluid overload, particularly in the
elderly. Historically, loop diuretics have been used
to treat hypercalcemia to promote renal calcium
loss. With the availability of more effective treat-
ments, loop diuretics are now only indicated in
situations of fluid overload following rehydration
(Stewart 2005; Mirrakhimov 2015).

All current evidence recommends the intrave-
nous route for rehydration. In the palliative care
population, intravenous access can often be chal-
lenging, and the administration of fluids via the
subcutaneous route is commonly utilized. The evi-
dence regarding the benefits of administration of
subcutaneous fluids is limited, and there is no
research available at present assessing the use of
subcutaneous fluids in the treatment of hypercal-
cemia. As most calcium-lowering treatments are
given intravenously, using the same route for rehy-
dration would be a sensible option, particularly as
aggressive fluid replacement is often required. In
situations where intravenous access is challenging,
2 l of normal saline can be administered subcu-
taneously in 24 h (Barton et al. 2004).

6.3 Specific Calcium-Lowering
Treatments

6.3.1 Bisphosphonates
Bisphosphonates have been the mainstay in the
treatment of malignant hypercalcemia for over
20 years (Saunders et al. 2004). As pyrophosphate
analogs, bisphosphonates inhibit intracellular
osteoclast activity, as well as bind to hydroxyap-
atite and stabilize the bone matrix (Rogers et al.
2000). Following administration, about 50% of
the drug is selectively retained in the skeleton,
and the remainder is eliminated in the urine with-
out being metabolized. Skeletal uptake and reten-
tion are dependent on bisphosphonate potency for
bone matrix, as well as patient factors including
renal function, rate of bone turnover, and binding
site availability. This adhesion to the bone matrix
results in a prolonged half-life and mechanism of
action. It is this enduring effect that has made

bisphosphonates so important in the management
of hypercalcemia of malignancy.

There are two groups of bisphosphonates:
first-generation, non-nitrogen-containing bis-
phosphonates which include etidronate and
clodronate; and the second-generation, nitrogen-
containing bisphosphonates which include
pamidronate, ibandronate, and, most recently,
zoledronate. The second-generation bisphos-
phonates are considered more potent. There are
both oral and parenteral bisphosphonates avail-
able. In the treatment of hypercalcemia, they are
always given parenterally to ensure absorption
and to avoid gastrointestinal side effects often
seen with oral preparations. While most parenteral
bisphosphonates can only be given intravenously,
clodronate can be given intravenously or subcuta-
neously (Roemer-Bécuwe et al. 2003). The sub-
cutaneous route may be useful in cases where
intravenous access is difficult or when the patient
is seen in the community setting.

Although extremely well-tolerated,
bisphosphonates do have potential adverse
effects. The most significant adverse effect is the
risk of renal injury with possible nephrotic syn-
drome. To prevent renal toxicity, intravenous
rehydration prior to the administration of
bisphosphonates is always recommended. Where
renal impairment also exists, a dose reductionmay
be considered to reduce the risk of further renal
damage. A rare, but significant, adverse effect
of bisphosphonates is osteonecrosis of the jaw.
This is typically associated with prolonged and
repeated use of bisphosphates (greater than
4 months). In the acute management of hypercal-
cemia of malignancy, the risk of osteonecrosis
of the jaw is low (Saad et al. 2012). It may
be worthwhile assessing the dentition of the
patient prior to administration; however there
is no evidence to support this approach when
bisphosphonates are being used in the treatment
of hypercalcemia. Other reported adverse effects
include drug-related induced fevers, hypo-
phosphatemia, and hypocalcaemia (Major et al.
2001). The drug-related induced fever is part of
an acute phase reaction that causes transient flu-
like symptoms. The true incidence of hypo-
calcaemia associated with bisphosphonate use in
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the treatment of hypercalcemia is unknown due to
underreporting of cases. However, in clinical
trials comparing zoledronate versus denosumab
in the prevention of skeletal-related events in
cancer patients, hypocalcaemia occurred in about
3.4–5.8% of patients treated with zoledronate
(Body et al. 2015; Dranitsaris and Hatzimichael
2012). Although the frequency of bisphosphonate
administration in the prevention of skeletal-
related events is different compared to the
treatment of hypercalcemia, clinicians should
be vigilant of the possible complications of
bisphosphonate-related symptomatic hypocalcaemia
if using a bisphosphonate.

When selecting a bisphosphonate, the system-
atic review by Saunders et al. provides some
limited guidance. The review showed that all
bisphosphonates are effective when compared
with placebo, with normal calcium being achieved
in at least 70% of cases, regardless of which drug
was used (Saunders et al. 2004). Table 3 details
typical dose and administration regimes.

Pamidronate and zoledronate are the most
commonly used bisphosphonates in the treatment
of hypercalcemia. Although both drugs are effec-
tive in achieving normocalcemia, zoledronate

tends to be favored for its ease in administration
(15 min for zoledronate versus 2 h for
pamidronate), potency, and efficacy (Major et al.
2001). In a pooled analysis of two randomized
controlled trials involving 275 patients with
hypercalcemia of malignancy, 87–88% of patients
achieved normocalcemia after a single dose of
zoledronate (4 mg or 8 mg) compared to 70% of
patients who were treated with pamidronate. The
mean duration of normocalcemia in patients who
had received zoledronate was 32–43 days, com-
pared to 18 days in patients who had received
pamidronate (Major et al. 2001).

Although pamidronate and zoledronate have
been shown to have a similar side effect profile,
the 8 mg dose of zoledronate has shown an
increased risk of causing renal injury compared
to the 4 mg zoledronate dose and pamidronate
(Major et al. 2001; Saunders et al. 2004). It
is generally not recommended for patients
with severe renal impairment (creatinine clear-
ance <30 mL/min) to receive bisphosphonates.
However, in some clinical situations where
patients have limited effective options, the use of
bisphosphonates may be indicated. Limited data
suggests that ibandronate may be the safest option

Table 3 Bisphosphonates dosing and regimes

Bisphosphonate Initial dose Route/diluent/rate

Renal adjustment

CCa Dose

Second generation

Pamidronate 60–90 mg IV, 375–500 m1 0.9% saline or
5% dextrose, over 90 min

30–90 No dose adjustment
infusion rate of 4 h

<30 Not recommended

Zoledronate 4 mg (consider 8 mg in
refractory hypercalcemia)

IV, 100 m1 0.9% saline or 5%
dextrose, over 15 min

>60 4 mg

50–60 3.5 mg

40–49 3.3 mg

30–39 3 mg

<30 Not recommended

Ibandronate 4 mg IV, 500 m1 0.9% saline or 5%
dextrose, over 2 h

No dose adjustment needed
(Limited data suggest that this
may be well tolerated in
patients with renal impairment)

First generation

Clodronate 1500 mg IVor SC, 50–250 m1 0.9% saline
or 5% dextrose, over 2–3 h

Minimal data available

Etidronate 7.5 mg/kg/day IV, 250 ml of saline infused, over
2 h for 3 consecutive days

Minimal data available

aCC Creatinine clearance mL/min
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(Jackson 2005). Dose reduction, slowing the rate
of the infusion, and the addition of increased
hydration therapy can also be considered; how-
ever there is minimal literature to support this
(Conte and Guarneri 2004; Kyle et al. 2007).
Denosumab may potentially be an option in this
scenario, and this will be discussed later.

Manufacturers suggest that the dose of
pamidronate administered should depend on the
severity of hypercalcemia. However, a system-
atic review from 2004 suggests that higher doses
of bisphosphonates correlate with increased
efficacy and therefore recommend use of the
highest dose irrespective of the calcium level
(Saunders et al. 2004). Given this review,
pamidronate 90 mg or zoledronate 4 mg are
appropriate first-line options in the treatment of
malignant hypercalcemia.

Ibandronate and etidronate are less commonly
used bisphosphonates. Ibandronate is a second-
generation bisphosphonate and has been shown
to be as effective as pamidronate. It appears to
have a lower risk of renal injury; however there is
limited data (Jackson 2005). Etidronate is a first-
generation bisphosphonate and one of the first
bisphosphonates to show efficacy in the treatment
of hypercalcemia of malignancy. As it is adminis-
tered via a 2-h intravenous infusion on 3 consec-
utive days, it has been superseded by newer more
potent drugs that can be administered over a
shorter time frame.

Regardless of which bisphosphonate is used,
the reduction in calcium levels takes approxi-
mately 2–4 days to occur with the maximum
effect between 4 and 7 days (Major et al. 2001).
It is recommended that the serum-corrected cal-
cium is rechecked 5–7 days following treatment
with a bisphosphonate (Fleisch 1998). In most
cases, intravenous rehydration given prior to
bisphosphonate reduces the calcium level suffi-
ciently while waiting for the bisphosphonates to
act. In patients who have severe symptoms, need-
ing immediate calcium reduction, calcitonin may
be used. (See section below for further details.)

Up to 30% of cases of hypercalcemia are refrac-
tory to treatments with a bisphosphonate (Major
et al. 2001; Saunders et al. 2004). There is limited
evidence about which drug should be used in these

cases. In the pooled analysis of the two random-
ized controlled trials by Major et al., patients who
were refractory to zoledronate (4 or 8 mg) or
pamidronate were retreated with 8 mg of
zoledronate. Up to 55% of patients with refractory
hypercalcemia responded to retreatment with
zoledronate (Major et al. 2001). It is important to
note that with time, hypercalcemia will usually
become more difficult to treat and eventually may
become resistant to bisphosphonate treatment. It is
uncertain exactly why this occurs, but it is thought
most likely related to the advancing underlying
disease. In situations of refractory hypercalcemia,
there is emerging evidence that the use of
denosumab may be effective and is discussed fur-
ther below. In patients with refractory hypercalce-
mia, zoledronate 8 mg may be trialled following
initial treatment (Major et al. 2001).

Despite relapse being common in those who
achieve normal calcium levels, there are no clear
guidelines regarding how often serum calcium
levels should be checked. However, given that
the median time for relapse is between 2 and
4 weeks (Major et al. 2001; Wimalawansa
1994a), calcium levels could be checked
2–4 weeks posttreatment. A more conservative
option would be to retest only if symptoms
reoccur.

Finally, there is limited evidence to support the
regular administration of bisphosphonates rather
than waiting for relapse. One small study with 34
patients, investigating optimal frequency of
pamidronate in the treatment of hypercalcemia,
showed that a regular infusion every 2 weeks
decreased the incidence of symptomatic hypercal-
cemia and prolonged survival compared to the
regular infusion every 3 weeks (Wimalawansa
1994a). Until further evidence becomes available,
the decisions regarding follow-up and the best
drug to use in retreatment should be determined
on an individual basis.

6.3.2 Denosumab
Denosumab is the latest treatment option in the
management of hypercalcemia of malignancy. It
is a human monoclonal antibody that specifically
binds human RANKL. Denosumab inhibits oste-
oclast activity resulting in reduced bone
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resorption. Originally developed as an alternative
option in the prevention and treatment of osteo-
porosis, it was subsequently used in the manage-
ment and prevention of skeletal complications in
cancer.

Currently, there are no randomized controlled
trials comparing denosumab and bisphosphonates
as first-line therapy for the management of hyper-
calcemia of malignancy. There is one single-arm
study carried out by Hu et al. involving 33 patients
who had bisphosphonate refractory hypercalce-
mia. The patients in this study had to have a
corrected serum calcium level of >3.1 mmol/L
(12.5 mg/dL) despite intravenous bisphosphonate
treatment within 7–30 days. In this study, 64%
of patients had serum calcium levels below
3.0mmol/L (11.5mg/dL) by day 10 after receiving
denosumab. An improvement in symptoms was
observed in over 50% of patients. The treatment
effects were durable with an estimated median
duration for compete response being 34 days (Hu
et al. 2014). In this study the dose usedwas 120mg
given subcutaneously, every 4 weeks, with addi-
tional loading doses of 120 mg on days 8 and 15 of
the first month. A repeat dose of denosumab was
given successfully to patients who had relapsed.
About 80% of the patients responded to the repeat
dose. Therefore, a repeat dose of denosumab treat-
ment on day 8 and 15 after initial treatment could
be considered if calcium levels have not previously
responded.

A retrospective case series of seven patients
treated with single doses of denosumab for the
management of hypercalcemia was described. In
this small study, six of the seven patients had
received bisphosphonates prior to treatment with
denosumab. The mean corrected calcium levels
were 3.06 mmol/L (12.24 mg/dL) on the day of
the denosumab administration, and the last mean
corrected calcium while in the hospital was
2.48 mmol/L (9.92 mg/dL) (Dietzek et al. 2015).

With the exception of the study by Hu et al. and
Dietzek et al., the vast majority of the research
performed utilizing denosumab is in the context of
the management or prevention of skeletal-related
events, and these results have been extrapolated to
the management of hypercalcemia. Although the
administration and dose of the drug are similar in

both clinical scenarios, and the patient population
appears similar, one must exercise caution in pre-
suming that the use of denosumab in both clinical
situations are identical. Patients with hypercalce-
mia typically have advanced disease, a different
calcium metabolism profile and a poor prognosis,
and may be different from patients who only have
metastases to bones.

However, because of the scarcity of studies
with the primary purpose of determining the role
of denosumab in the management of hypercalce-
mia, understanding the effects of denosumab in
the management and prevention of skeletal-
related events will inform clinicians about the
issues to be aware of when using denosumab for
management of hypercalcemia.

In studies comparing denosumab and
zoledronate in the prevention of skeletal com-
plications in advanced cancer, the denosumab
arm had fewer episodes of hypercalcemia com-
pared to the zoledronate arm. Furthermore, the
time to hypercalcemia was also delayed with the
use of denosumab compared to zoledronate
(Martin et al. 2012; Stopeck et al. 2010; Diel
et al. 2015; Henry et al. 2011).

In regard to its safety and adverse effects,
denosumab was well-tolerated in the management
of osteoporosis and the skeletal complications
of cancer. The most serious risk is that of
osteonecrosis of the jaw; however this is rare,
and rates appear similar to that of bisphosphonates
(Stopeck et al. 2010; Fizazi et al. 2011; Henry
et al. 2011; Martin et al. 2012; Dranitsaris and
Hatzimichael 2012). The most clinically relevant
risk is hypocalcaemia, extrapolated from studies
where denosumab has been used in management
of malignant bone disease and not in hyper-
calcemia. Up to 12.8% of patients treated with
denosumab for skeletal complications develop
significant hypocalcaemia, compared with 1–5%
of those treated with zoledronate (Henry et al.
2011; Fizazi et al. 2011; Body et al. 2015;
Dranitsaris and Hatzimichael 2012). In one
study in patients with skeletal-related events, the
median time to first occurrence of hypocalcaemia
was 3.8 months with denosumab and 6.5 months
with zoledronate (Body et al. 2015). It is
worth noting that the highest incidence of
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hypocalcaemia was in the treatment of metastatic
prostate cancer. As discussed, prostate cancer is
associated with osteoblastic bone metastases,
which in themselves may contribute to develop-
ment of hypocalcaemia (Henry et al. 2011; Fizazi
et al. 2011). In the context of the management
of hypercalcemia, it is unclear what the clinical
impact of denosumab-induced hypocalcaemia
has. In a case series where denosumab was used
for the management of hypercalcemia, one of
seven patients developed symptomatic hypo-
calcaemia (Dietzek et al. 2015).

In a study by Body et al. (2015), the pooled
results of three randomized controlled trial
comparing the efficacy and safety of denosumab
versus zoledronate in the prevention of skeletal-
related events in metastatic bone disease showed
that patients who took calcium and/or vitamin D
supplements had a lower incidence of hypo-
calcaemia. This may suggest that adequate sup-
plementation of both vitamin D and calcium
reduced the risk of hypocalcaemia in patients
treated with either denosumab or zoledronate.
Patients with skeletal-related events have a differ-
ent calcium profile compared with patients with
hypercalcemia. There is no evidence for the rou-
tine monitoring of vitamin D levels and its
replacement in the patients with hypercalcemia
treated with denosumab. Indeed, the replacement
of vitamin D has the potential to exacerbate hyper-
calcemia by mobilizing calcium release from
bones and also stimulating the small intestine to
increase calcium absorption.

In addition, the study found that patients
who were at risk of developing hypocalcaemia
include patients with prostate cancer or small
cell lung cancer, reduced creatinine clearance
(30 to <60 mL/min), and higher baseline values
of urinary N-telopeptide of type 1 collagen and
bone-specific alkaline phosphatase (Body et al.
2015). Given these findings, it would be prudent
to monitor the calcium levels in patients who have
these risk factors who are treated with denosumab
regardless of reason.

Despite the limited information about the use
of denosumab, there are some definite advantages
identified. Denosumab is less likely to cause the
acute phase reactions that are commonly seen

with bisphosphonates (Henry et al. 2011; Fizazi
et al. 2011; Stopeck et al. 2010; Dranitsaris
and Hatzimichael 2012). It is also safer in renal
impairment and not associated with renal injury
(Henry et al. 2011; Stopeck et al. 2010; Martin
et al. 2012; Dranitsaris and Hatzimichael 2012).
In addition, it is administered via the sub-
cutaneous route which may facilitate the use
of denosumab in the community. Despite
denosumab being more expensive compared to
zoledronate, the ability to administer it at home
subcutaneously may save on hospitalization costs.

6.3.3 Calcitonin
Calcitonin is a hormone produced by the para-
follicular C cells of the thyroid gland. It inhibits
the resorption of the bone by reducing both the
number and activity of osteoclasts. Calcitonin also
acts on the kidneys to reduce calcium reabsorption
and inhibits intestinal calcium absorption. Admin-
istration of calcitonin occurs subcutaneously or
intramuscularly every 12 h, with an initial dose
of 4 international units/kg that can be increased up
to 8 international units/kg every 6 h. As calcitonin
works rapidly within 4–6 h (Vaughn and
Vaitkevicius 1974), it may be used in combination
with another anti-hypercalcemic agent such as
bisphosphonates or glucocorticoids (Binstock
and Mundy 1980; Sekine and Takami 1998).

Tachyphylaxis, the rapid reduction in the effi-
cacy of a drug with repeated doses, seems to
occur, therefore limiting long-term use after
approximately 48–72 h (Vaughn and Vaitkevicius
1974). The reasons for tachyphylaxis are unclear
and controversial but thought to be due to the
formation of antibodies against heterologous
calcitonins like salmon calcitonin (Grauer et al.
1995). The co-administration of glucocorti-
costeroids may prevent tachyphylaxis (Binstock
and Mundy 1980). The main side effects of calci-
tonin include flushing, nausea, and vomiting.

6.3.4 Corticosteroids
Corticosteroids are most likely to benefit
patients who have hypercalcemia as a result of
increased Calcitriol production, as seen in
some patients with lymphoma or chronic gran-
ulomatous disease. Steroids inhibit 1-alpha-
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hydroxylase conversion of 25-hydroxyvitamin
D into Calcitriol, where reduced Calcitriol
levels cause a decrease in intestinal absorption
of calcium. In patients with hypercalcemia due
to granulomatous diseases, prednisolone 20–40
orally daily would be a reasonable starting
dose. The calcium levels should decrease
within 3–5 days (Sharma 1996).

6.3.5 Gallium Nitrate
Gallium nitrate was initially developed because of
its anticancer effect but was observed to cause a
transient hypocalcaemia. Gallium nitrate works by
inhibiting the release of calcium from the bone, but
the mechanisms by which gallium nitrate exerts its
effects are unclear (Warrell et al. 1984). It appears
to have multiple effects such as the inhibition of
osteoclast-mediated bone resorption, stimulation
of bone formation, and alteration of the mineral
composition and properties of bone.

The usual dose of gallium nitrate is a 5-day
continuous intravenous infusion of 200 mg/m2 per
day. It is the long duration of treatment that limits its
clinical use. There have been three randomized con-
trolled trials comparing gallium nitrate and
pamidronate, etidronate, and calcitonin. Gallium
nitrate was effective in achieving normocalcemia
and appeared to have a longer duration of
normocalcemia compared to the bisphosphonates
(Cvitkovic et al. 2006; Warrell et al. 1991). In a
phase two randomized, double-blind trial of gallium
nitrate versus pamidronate, 69% of the patients
treatedwith galliumnitrate achieved normocalcemia
compared with 56% of patients who were treated
with pamidronate. The duration of normocalcemia
was 14 days in patients who responded to gallium
nitrate compared to 10 days in patients who
responded to pamidronate (Cvitkovic et al. 2006).
Gallium nitrate is generally well-tolerated, with the
main side effects being asymptomatic hypo-
phosphatemia (Warrell et al. 1991).

6.3.6 Mithramycin
Mithramycin is an antineoplastic antibiotic used
as a chemotherapy agent. It is works by reducing
both bone resorption and renal tubular calcium
reabsorption (Ralston et al. 1985). It is usually
administered as a single intravenous injection of

25 mcg/kg in 500 ml dextrose and can be repeated
after 2 days. The serum calcium levels fall within
24–48 h of administration with a maximal effect at
2–4 days and a duration of action of 9–10 days
(Godfrey 1971). The side effects of mithramycin
include nausea, vomiting, fatigue, thrombocyto-
penia, and worsening liver function (Ralston et al.
1985). As the bisphosphonates are more effica-
cious and safer, mithramycin is rarely used in
practice today.

6.3.7 Ocreotide
The evidence supporting the use of octreotide
for the management of hypercalcemia is weak.
Most of the evidence in the literature is based on
single case reports (Mantzoros et al. 1997; Shiba
et al. 1996).

6.3.8 Dialysis
Dialysis is effective in reducing serum calcium
levels by hemodialysis with little or no calcium in
the dialysate fluid. It is usually only used if no other
options are available and has to be considered in the
context of the clinical goals of treatment. Dialysis is
likely to be considered when a patient has renal
impairment or cardiac failure and where aggressive
fluid hydration may be challenging.

7 Conclusion and Summary

Hypercalcemia of malignancy is a common con-
dition and must be considered in a patient who
presents with nonspecific symptoms and func-
tional deterioration. The symptoms of hypercal-
cemia may be reversible with a number of
treatments. Initial treatment should include intra-
venous hydration, followed by bisphosphonates.
If urgent reduction of calcium levels is required
and the patient is distressed by the symptoms,
commencing calcitonin could be considered.
Bisphosphonates such as zoledronate 4 mg or
pamidronate 90 mg are currently the main medi-
cations of choice in the management of hypercal-
cemia of malignancy. The evidence for the use
of denosumab is limited but can be considered
if the hypercalcemia is refractory to bisphos-
phonates or if the patient has renal impairment.
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Hypercalcemia signifies a poor prognosis and
antineoplastic treatments to manage the underly-
ing cancer which has the best chance of improving
survival where appropriate.
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